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PREFACE  TO  THE  28th  EDITION 

¥N  the  28th  Edition  of  the  Heating  Ventilating  Air  Conditioning  Guide  for  1950,  44  pages 

of  new  text  have  been  added  to  the  Technical  Data  Section.  Twelve  pages  were  made 
available  by  condensation,  revision  and  rearrangement  leaving  a  net  increase  of  32  pages 
over  the  previous  edition. 

A  rearrangement  of  chapters  has  been  made  for  the  purpose  of  facilitating  reference  to 
closely  related  information.  In  the  new  arrangement,  50  chapters  have  been  grouped 
under  the  following  section  headings:  I  Fundamentals;  II  Human  Reactions;  III  Heating 
and  Cooling  Loads;  IV  Combustion  and  Consumption  of  Fuels;  V  Systems  and  Equipment; 
VI  Special  Systems;  VII  Instruments  and  Codes, 

While  all  chapters  have  been  examined  and  revisions  made  to  keep  them  up  to  date,  certain 
chapters  have  been  subjected  to  major  revision,  as  noted  in  the  following  paragraphs: 

Chapter  6 — Physiological  Principles.  Following  an  examination  of  data  developed  In 
recent  ASHVE  research  and  cooperative  research,  the  ASHVE  Comfort  Chart,  has  been 
revised.  The  text  has  also  been  changed  to  include  reference  to  the  information  which  re- 
sulted in  the  change  of  the  Comfort  Chart. 

Chapter  7 — Air  Conditioning  in  the  Prevention  and  Treatment  of  Disease,  Information 
in  the  chapter  has  been  extended  by  inclusion  of  data  on  effect  of  high  temperature  and 
humidity  on  individuals  in  hospitals,  and  discussion  of  air  sanitation  by  means  of  sterilization. 

Chapter  $ — Air  Contaminants.  The  accepted  maximum  allowable  concentrations  of  gases, 
vapors,  dusts,  fumes  and  mists  have  been  brought  up  to  date  with  current  practice  by  in- 
cluding the  latest  recommendations  of  the  American  Standards  AssociationJ'diid  thojAmeri- 
can  Conference  of  Governmental  Industrial  Hygienists*  Limits  of  flamrnability  have  also 
been  revised.  An  increased  number  of  air  contaminants  and  the  maximum  allowable 
concentration  of  each  are  listed  in  the  various  tables. 

Chapter  W-— Infiltration  and  Ventilation.  This  chapter  is  a  combination,  of  previous 
chapters  on  Air  Leakage  arid  Natural  Ventilation,  plus  the  addition  of  a  section  on  ventila- 
tion of  animal  shelters,  showing  requirements  for  dairy  stables,  sheep  and  swine  barns,  and 
poultry  laying  houses.  Instructions  for  determinating  proper  ventilating  facilities  are  given, 

Chapter  U — Heating  Load.  In  addition  to  general  changes  clarifying  the  chapter,  a  sec- 
tion has  been  added  on  floor  heat  losses  in  basementless  houses.  A  formula  is  included  for 
computing  heat  loss  from  the  perimeter  of  various  types  of  typical  floors  in  basementless 
houses. 

Cftapter  13— Fuck  and  Combmtton,  Anthracite  sfamg  specifications  have  been  brought 
up  to  oate.  The  section  on  gas  fuels  has  been  enlarged  to  include  typical  gas  analyses,  and 
now  includes  a  greater  number  of  present-day  gases.  New  fuel  oil  specifications,  grades 
and  calorific  values  are  given.  The  number  of  formulas  for  combustion  computations  has 
been  increased,  and  charts  have  been  added  for  determining  flue  gas  loss  for  manufactured 
and  natural  gas. 

Chapter  15— Heating  Boilers,  Furnaces,  Space  Heaters.  Eating  formulas  for  forced  warm 
air  furnaces  have  been  added,  The  .section  on  rating  and  design  of  solid  fuel  space  heaters 
has  been  enlarged,  and  this  section  has  been  brought  up  to  date  with  recent  developments 
in  regard  to  rating  and  performance. 

Chapter  1(1— Chimneys  and  Draft  Calculations,  This  chapter  lias  been  largely  rewritten. 
The  information^  on  domestic  chimney  performance  and  selection  has  been  extended.  Test 
data  lor  nmall  chimneys  have  been  added,  and  new  charts  are  provided  for  selection  of  required 
sisscs  of  small  chimneys.  The  section  on  chimney  types  and  construction  has  been  enlarged, 

Chapter  IS— Mechanical  Warm  Air  Systems,  Tables  of  bonnet  and  register  temperature 
and  register  delivery  have  been  revised  to  include  latest  changes  made  by  the  NWAH&ACA, 

Chapter  £/— -  Hot  Water  llcatinp  Systems  and  Piping*  This  chapter  has  been  brought  up 
to  date  by  revision  of  text  and  diagrams  relating  to  expansion  tank  and  relief  valve  connec- 
tions to  comply  with  latest  A8ME  Boiler  Code  requirements,  A  new  table  showing  ASME 
requirements  for  sbing  of  ckwed  expansion  tanks  has  been  added* 

Chapter  ^^Hadwlors  ami  Gonvccton.  Thin  chapter  was  revised  to  include  only  informa- 
tion on  radiators  and  con  vectors.  The  section  on  coite  has  been  transferred  to  a  separate 
chapter  on  Air  Heating  and  Cooling  Coils*  ^  Tables  on  generally  accepted^  ratings  of  column 
type,  large  tube  ^aiid  wall  type  cant-iron  radiators  have  been  added,  I tatmgs  are  also  given 
for  cast-iron  radiant  baseboards.  Oonvcetor  dencriptiouK  and  rating  information  have  been 
coordinated  with  defiriitionH  and  rating  practice  current  in  the  industry. 

Chapter  #/— -  Air  Duct  Dtmgn.  Two  air  friction  charts  replace  the  previous  single  obirt, 
nnd  cover  the  ranpen  10-#000  efm,  and  1000-100,000  rfin.  By  use  of  two  dbarl%  greater 
accuracy  may  be  obtained  in  determination  of  friction  loss  or  selection  of^  duct  sisw*  Sep- 
arate large  scale  friction  charts  are  included.  The  section  on  static  regain  method  of  duet 


design  'fttfs'bcea  expanded,  .'two"  charts  facilitating  use  of  the  static  regain  method  have  been 
'added,  and  the  method  is"  illustrated  by  means  of  examples.  A  section  on  use  of  aluminum 
;  for  3ucts  bbs^ften  jiue)cd  .  ,  '  : 

Qhajifet'  i$  —  •Fiaw**  Tills  diopter  has  been  rewritten  in  order  to  add  now  material  and  to 
amplify  the  discussion  of  various  types  of  fans.  Latest  accepted  designations  niui  nomen- 
clature forjfott  drives  and  motor  positions  are  given.  The  section  on  fan  selection  and  appli- 
cation hus'lVcii  enlarged. 

Chapter  &>—  -Air  Heating  and  Cooling  Coils.  The  previous  chapter  on  IVrfonnamv  of 
Air  Heating  and  Cooling  Coils  has  been  combined  with  the  coil  construction  arrangement 
and  application  sections  previously  found  in  the  chapter  on  ltadiutor.s,  Couvirtors,  (\»il«. 

Chapter  SO  —  Refrigeration.  New  material  has  been  added  to  the  .section  <w  controls  and 
refrigerant  piping,  and  revisions  have  been  made  in  the  sections  on  air  cycle  ant  I  absorption 
systems.  Improved  descriptions  of  accessories  have  been  included. 

Chapter  39  —  Motors  and  Motor  Control*.  A  new  section  has  been  addnl  on  Kuntl:muknta!tt 
of  Motor  Selection  for  applications  in  various  types  of  sysfcms.  New  tuftics  whow  recom- 
mended horsepower  limits,  preferred  voltages  and  speed  ranges  for  various  motor*  and  sys- 
tems. A  rearrangement  of  the  material  increases  its  usefulness. 

Chapter  40M~Sound  Control*  The  chapter  has  been  almost  completely  rewritten  to  rover 
the  fundamentals  of  sound  determination  and  measurement*  Information  on  arvcptahte 
sound  levels  in  various  types  of  space  has  been  added,  Typical  Miiind  level  rhiiract  eristics 
of  fans  are  shown  on  new  charts,  Methods  of  reducing  undesirable  wwu<l  arc  <*xplaim'd. 

Chapter  ^^hiditstrittl  Air  Conditioning.  The  chapter  ha*  b*Tn  rrwriffra  to  tnelmjr  A 
wider  application  of  air  conditioning  in  the  industrial  field,  IVnifwTiitiifwt  and  hutiiMifiwt 
for  various  applications  have1  been  brought  up  to  date. 

Chct$er  $—  Drying  ty/fitan$.  This  chapter  lias  bfrn  rewritten  nnd  expaiulwi  It*  rover  the 
theory  of  drying,  and  to  include  fundamental  equations  for  vnritnif*  drying  ^f;wTitttc»fta  Prac- 
tical drying  operations  and  dryer  types  ftrt^describc*!. 

Chapter  47--7Vanajr»orMion  Air  Conditioning*  Tim  chapter  In  a  rrmtlmmtitm  of  the 
former  chapters  on  Transportation  Air  Conditioning  rind  Marine  Ilenting,  Ventilating  aimd 
Air  Conditioning,  Conditions  required  in  various  ty|»e«  of  nhipbottttl  space  Itaw  beet*  revised 
to  agree  with  results  of  recent  developments  hi  practice, 

Chapter  4$-—  W«fer  $frw"Vw.  New  data  and  tables  have  l»ee,n  mldcti  Kupplettt^nting  pM'VUiti* 
data.  Information  on  fixture  Capacities  aiul  xxieiliodM  of  efttiutftttag  denitnd  futvr  I«*PIJ  itddrtl. 
The  equivalent  length  of  various  fixtures,  fittinga  and  de,vi<wt  are  xhown  in  iw»w  tuhlex*  A 
section  has  been  iwlded  on  safety  devices. 

Ghajdw  4&™*  "In$irwnent$  and  Mwiturcintntt*    The  text  and  rtffrt'iK»**-»  have  bcru 
in  regard  to  detcnuiuatiou  of  air  eontmttinnntft. 

Chafer  $>—  Cwfc*  and  Standard®,  New  C*W!C,H  aiul  Ktait<IarclH  r>f  Intrnnt  In  the 
Ventilating  and  Air  Conditioning  Engineer  have  l>een  tcltlccl  to  the  pn»viM»w  list,  The  Into! 
edition*  of  the  codes  arc  indieated.  Adclressra  of  orga«ii»ti««t.i  fpnmomtff  th«*  C^wlivi  IIIK! 
Standards  have  been  brr>ught.  up  to  date, 

An  ekbornte  CTOHH  index  in  provided  for  the  Teehniea!  Data  Heetuiih 

A  crottif  index  of  manufactured  produetfi  in  the  Catalog  Dalit  Sf*dtc>»  «»!»#*,»  it  r»:iy  Iff  IIn4 
up  "to-dttte  products  of  SWMJ  xnnnufaeturerfl. 

The  Guide  eoiitlntiefi  to  beiiffit  by  the  eoitlnhution  f»f  n  grmeitniff  fimmint  *»f  fl»«*  »n«l 
effort  by  many  member^  HD  well  as  other  eHgineew  ttiid  itMlivliIiinJg  %itis  give  fwf*ly  of  tltrii* 
experience  to  improves  each  Muercr*(ling  filifinn,  Mutiy  o?njitti»tti*»fw  atwl  n^t»riatH4ii»  irt 
well  an  manufacturers  (Tontrilmte  ntnwltmYm'd  datn,  acwpte*!  t»tAm!i»nh*  and  ttiHhttii*i  fw 
wio  in  solving  various  typc«  of  problMtitt*  The*  vahie  of  Micli  w^wtiiitiT  lit  Iftiiifovlii^  tlif 
Guide  Is  acknowledged  with  Appreeiation*  It  I«  it  ^Iffwuw  to  Iwt,  Ilie  i»f  Ilif  fr»Jtf*iilfig 

contributors  who  have  been  pitrtkiikrly  helpful  in  the  prcfmrtttteii  of  tin* 


0,  K,  ABAMS  R.  B.  KNOPABI*  I).  II.  K*  L»  Ci  V, 

L*  M.  K*  BOBI/WE  K.  !L  FUNT  J»  W,  IlAi«*i«r  41,  f  ,  ||I?»T 

A*  I.  BBOWW  8.  J.  FftiiDMAH  W*  It,  MAMIIAW^  Jti,  R  L  Kirrt       i;it 

L*  A.  Bcr»oii  A,  BI.  C^OOVMAN  M*  M.  MfwrncwKiT  1*.  !i 

E,  Y.  CIIBAOTAM  W,  8.  HARKX»  H.  A,  A.  K,  ,%,««?»  Jit 

F.  M,  pAWNON  W,  It  HXATR  1>«  W.  J.  if. 

E*  S.  DIM*  CL  M*  HIIMFIIE«T»     F,  Jf.  Ntwuit  G.  A.  V*M*aiiK«« 

M,  11.  EASTW  R.  C*  JOBDAN  II.  K»  <kTii0»a  W,  If,  WAM^^K,  II 

0.  A,  Emwam  T.  A, 

The  1050  ^Edition  of  the  Guide  bastbeen  carefully  pp*p*ftdl  wjtk  f€0iil*teiio«         if  mill 
be  of  increasing  ««efulnew  to  the  practicing  eitgiiUHrar,  *lii4i*tit»  teacher 
will  continue  to  occupy  its  important  place  in  Itentsng,  urn)  »ir 


GUIDE  PUBLICATION 

W,  N*  WlTIIBI«l>0«f 

A,  B.  Aw»»r  N»  GLICTXMAN  M,  F*  E  <f» 

E*  F.  COOK:  E  B*  GOEDOK  II*  It* 

CTJKI.  TASKIBH,  CAEL  H,  FMNK^ 

v! 


CONTENTS 

PAGE 

TITLE  PAGE iii 

PREFACE v 

INDEX  TO  TECHNICAL  DATA ix 

SECTION  I.    FUNDAMENTALS 

Chapter    1.  Terminology 1 

S.  Abbreviations  and  Symbols II 

3.  Thermodynamics 28 

4.  Fluid  Plow 75 

5.  Heat  Transfer 101 

SECTION  II.    HUMAN  REACTIONS 

Chapter   6.  Physiological  Principles 115 

7.  Air  Conditioning  in  the  Prevention  and  Treatment  of  Disease 135 

$,  Air  Contaminants , , . , 158 

SECTION  III.    HEATING  AND  COOLING  LOADS 

Chapter    !),  Heat  Transmission  Coefficients  of  Building  Materials 169 

10,  Infiltration  and  Ventilation 205 

11.  Heating  Load , S^5 

1&  Cooling  Load , .  £40 

SECTION  IV.    COMBUSTION  AND  CONSUMPTION  OF  FUELS 

Chapter  13.  Fuels  and  Combustion $03 

14.  Automatic  Fuel  Burning  Equipment , 899 

15.  Heating  Boilers,  Furnaces,  Space  Heaters , 358 

JO.  Chimneys  and  Draft  Calculations , $70 

17.  Estimating  Fuel  Consumption  for  Space  Heating , 309 

SECTION  V.    SYSTEMS  AND  EQUIPMENT 

Ckttytor  18,  Gravity  Warm  Air  Systems .  , ,  . . , .  , .  .  415 

ID.  Mechanical  Warm  Air  Systems 4^5 

£0*  Steam  Heating  Systems  and  Piping ..,,.. ,  ,  443 

81.  Hot  Water  Heating  Systems  and  Piping, 485 

2$,  Radiators  and  Correctors ..,,,,..,.,,...,.,,,..,  SOS 

88,  Panel  Heating  amd  Radiant  Heating , , ft  IS 

8Jk  Unit  HwitcrH  awl  Unit  Ventilators, ...,,., ,,,....,..  531 

£5,  Unit  Air  Conditioners  and  Unit  Air  Coolers.  ,,,,,..,.,,,,,........  $45 

£11  JH|K%  Pitting!*,  Welding , . . -557 

27,  Pipe  Insulation  .,„..,.,.,,,..,..,,.,,.....,...,.....,,...,,,,..  575 

28,  District  Heating .,.,,,,,,,..,....,,,,,,,...  101 

Si,  Central  Systems  for  Air  Conditioning. ..,...,,. 001 

80.  Air  Distribution .,...,,, ........ ..........  017 

31.  Air  Duct  Design , .,,.,..,  ,....,,,,...,.,.....,....  041 

31  Fans. , . , * ....,.,,,,,,,,,,,,.  —  ,,,,...,,. —  , , . .  675 

S3.  Air  Cleaning,  ,.....„..,,,..,,,,.,.. ,,,,.,,,,,,,,..,.,,,  00S 

{J4.  Spray  Apparatus, ..»-.... , .,.,,,,,,..,.,,,.,.  700 

85*  Air  Heating  and  Cooling  CM«.  ..I,,.,.,..,,.,,..,,.,,.,.,..,,,,,  7$5 

SO.  IWrigeration ...,*,..,..,....,,,,,,.,,.,,,.,..,,,. .,,,,.  7W 

S7,  Delwmklificmtion  by                            ..........................  7WJ 

8H.  Automatic  Control , . , , ....,..,,..,...,,,..,,,,.,.,,  W$ 

S0»  Motors  and  Motor  Controls, ...,,.,..,,.,...,.,,.,,.,.,,....,,,,  81§ 

40*  Sound  Control ...,,,.,,...,.. ,...,.....,.,.,,..,,,.,,  64S 

4L  Electric  Heating, ....,..,.,,,, ,,...,,...,..,-,,...,,.,.,.,,,,,,  ii5 

4^«  Corrostott  mid  Wtter  Foniaed  Dejponlti,  CauscM  aitd  Frev etttioii ,....»  07$ 

4S*  Owning «td  Opwratlog  Cents*  .,,,.,...,.,..,....,,..*,...,,..,.,  8W 

vU 


CONTENTS 

SECTION  VL  SPECIAL  SYSTEMS 

Chapter  44.  Industrial  Air  Conditioning , , , 907 

45,  Industrial  Exhaust  Systems . 019 

4(1  Drying  Systems . , .     ,.,..,,  OM 

47.  Transportation  Air  Conditioning ,,.,,,,.,,.,  f)l)l 

48,  Water  Services .        ,.,..,,  977 

SECTION  YIL   INSTRUMENTS  AND  CODES 

Chapter  40.  Instruments  and  Measurements , , .  ,  , , , , 999 

50.  Codes  and  Standards .,.,,.   , ,    . , ,  1019 

CATALOG  DATA  SECTION .,,,..,,  1045 

Index  to  Advertisers ..,,,..,.., ,     , , , ,  ,     ,  1047 

Index  to  Modern  Equipment. ,,,,,,, 
Manufacturers' Catalog  Data...,,.. 


INDEX 

€> 

HEATING  VENTILATING 

AIR  CONDITIONING 

GUIDE  1950 

* 
TECHNICAL  DATA  SECTION 

CHAPTERS  1-50  and  PAGES  1-1024 


Cross   Reference    to   Subjects   in 
Chapters  1-50  Alphabetically  Listed 


28th  EDITION 


INDEX 

HEATING  VENTILATING  AIR  CONDITIONING 

GUIDE  1950 

Technical  Data  Section 
Chapters  1-50  and  Pages  1-1024 


Abatement 
air  pollution,  153 
emnkft,  8,  153 


AbbroviAtions*  11 
Atooluto 

hu  nudity*  5 
prcneur*,  7 
tenipftmture,  0 
aero.  I 
Abftorixmt*,  705 


_ r  „  _ ,  ,ir«v    prwaure,    c<m- 
oentmtioxi,  in 


Absorbers 
duet  tfotmd,  8S2 
mit!«t,  887 

to,  R55,  W 

man*,  775,  70S 
#  1 
Arclimatixfttktn,  122 


AtttiVAtatt  nhiftk!niti79ti 
Activate!  wirlKtn,  *01,  OW 

cl  tauxita,  797 

fc,  I 


if*jf»«?tf 

two  ni 

MtturatioB, 


r,  fi 


7§»,  »4 

tt  1, 137, 138, 153 


Alt 


ftltanff*  wt»tt*CtfI.  240 

vitintifin  **f,  H9,  ifi 
1$t  415,  420,  « 


Air  (con^iuwflrf) 

circulation  in  drying,  951,  954 
classification    of    impuritiea, 
153,  694 

dmt,  H94 

lint,  094 
cleaner,  147,  094,  $62 

viscous  impingement  type, 

094 

cleaning,  693 
otoitninff  doyiocta,  003 

clarification  of,  093 

installation,  700 

maintenance,  699 

performance,  007 

safety  wquirements,  701 

AClcation,  000 

tMitin*,  097,  7W 

v»|K»r  adsorption,  701 
c>f»ml>\iMtii>n,  313t  814,  820 
conditioning  prooww,  55 
contaminant*,  tlS»  t63*  914, 

1015 
eoolod 

ra,  781 


current  mfaBureinent,  1010 

,  705 

,  415,  425,  001,  017, 
05«,  982,  974 
i*ir  en  trainmen  t,  MO 
application  of  method*,  flS7, 

WKj 

tinlandnje  tho  system,  W2 
outlets*  63(1 


duct  ttppitsmclies  to  outlittt, 

416/03 

B«w  pittenw,  433 
friction  clmrt,  642,  143 

(  425 


610 


guiclfs  vanat*  4%» 
i&duetif>nt  GOO 
jtt  pattern,  ft20 
rwecbftttie*,  019 
monutntiim  theo 
wjtltt  Uwtttion, 
outlet  pcrtorman 
outlttt, 

fci,  WO, 


Air,  distribution  (continued) 

room  air  motion,  628,  628 

spread,  624 

standards  for,  617 

throw,  622,  627 

vaneg,  625 

velocity,  632,  534,  617,  635 

velocity  aerows  jets,  620 

vertical  drop  and  riae»  026 

volume  control,  835 

wall  outlf  te»  620 
duct  construction,  665,  9$8 
duet  design,  428,  041 
duct  friction  lorn,  Ml 
duat  concentrations,  167 
excew,  315,  323,  329 
filter,  Qn 

flow  resktanoe  o!  ooOs,  747 
impurltiw,  117,  153,  093 
Infiltration,  205,  240,  1010 

emue*  of,  205 

due  to  wmd  pwwure,  2W 

through  walk,  206 
linkage,  207,  200f  324 
ror»i«fc,  n,  24 
motion,  126,  120 

wt,  iniluence  ol,  121 


1005,  1010 
outdoor.  110,  601 
physical   impuritta  in,    15 

102,  tea,  to 

pollution,  150,  993 
ftbatamentf  151  1  919 

(Itiantity  rftqwind,  116,  314 


of, 


i  rootion*  026,  028 
•atoratftd,  1 
tecondii-ry,  323,  347 
conauetaooe,  1W 


supply  ftftd  return 
5»  420,  027,  036 


Jl*,  136,871 
tiaat 

1*  314 


W7 
nta. 

116* 


return 


unit  olet&fai  i 
wiwlvn*  t,  7W 

i  itbtthod 


MO 
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Air  cooditioamg,  1 
aircraft,  %7 

automobiles  ia  summer,  967 
central  system,  001 
comfort,  2 
hoepitulH,  135-150 
humidity,  table,  1)09 
industrial,  907 

atmospheric  conditions  re- 
quired, 907 

calculations.  914 

ggmaral  requirements,  907 

problem  classification,  010 

typical  applications,  DID 
owning  and  operating  cost,  895 
passenger  bus  in  summer,  t)(W 
proc<M8CB,  55 

adjahfttio  mixing,  57,  59 

adL'tbatic  saturation,  5!) 

cooling,  56 

cooling  load,  BO 

heating,  55 

heating  load,  IJ3 
railway  passwnger  car,  961 
ship,  970 

stokor-firc.d  unit*,  330 
storage  systems,  777 
summer    design    condition*), 

250»  251  f  283 
temperature  tabK  90S 
tr&twportM'iott,  901 
trttvtmc'nt  of  dfoetw),  135 
unit,  545 


Air  cooler,  545,  55t,  555 
unite,  551 
dftfroHtinjp,  558 
df  titan*  555 
twrfornmnft't  555 
rotmgi,  550 
|«"S  of,  55fl 


Air  pollution,  158 

control,  157 
Air  requirement*,  U7»  I43»  953, 

1170 
Air  supply  owning  naiaw»  650, 

mi 
Air  verity,  549.  m,  921,  937 

unit  tafetans  532,  534 
Air  wftuher,  1*  700 
Airborn*  iriN'rttfcw,  135,  1?KI 

control,  144,  1«] 
Airfoil 


A««aff!c  dlswdwn,  147 
nfHmrfttUNi  147 
MftUxoit  nyicuptr>nM|  147 

hiiy  fewr  »yiHptottw«  147 


tuw,  7 


Awmomtttr,  1»  l(KW 


in%  1010 
profiler,  HICI1 

rt  wiving  v«n«,  1001 


firing; 


Aufchmji  *vntpt«*m»»  147 

ti,  70 


Atmospheric  (continued i 

cooling  towers,  719 
make-up  water,  733 
winter  froezinK,  734 
Atomizing  humidifiers,  714 
Atomizing  oil  burner,  337 


Attenuation,  K44,  851 
ducts,  SSI 
duct  branches,  H52 
elbows,  851,  852 
to  room,  851 


Attic 
fans,  (W 

It  nation, 


Automatic 

controls  iscf  Conimlai,  423,  HiW 
ptirpoKt*  r>f,  H05 

tviK^s  of,  805 


filter,  TO 
Autonu)hiU«  air  t'ontiitiiminx,  347 
Axiul  flow  faiiH,  mi 


B 

Baffle,  ],MS 

Han*  pi|H»  htntt  IIWH,  50Af  575,  578 
,  1004 


1HB,  Hll 

Iiwit  I»HI»  19!  ,  237 

t«nii|«»rttttifi«i  2117 

ItwnouiU  4Miuttti<m»  77 

liittrlmmutAi  r«if  iioiw 

wtritrtnl  <  if  wtp  <ifi  Wl 
B»t«ltiili»n»  fivst,  104 
ls,  320 


Blow,  3 


iiMHl(  124*  IW 

,  111,  117 

titt*rclwii»^»  117, 134 


Boiltr* 


for  unit  840 


»  353 
ifMc  SW 


»  410 
!I»rtfcird  rttsiro,  441  ,  470*  471 

wtttro,  470 
471 
i,  471 


ffl,  W 


,  i«4 

4«ktt.  Ill 
»  344,  In 
,  III 


Boiler,  boilers  >  ctmtinufd  ; 

heat  ing,  353 
hivitini;  Hnrfaw»(  2,  3^4 
h^at  transfer  ratw,  3,V> 
hoH"p«wi«r,  * 

hot  wnt«»r  supply,  !IV1»  S 


i  1  1  nits.  1141 
on»  ,1fis 
output,  350.  3tll 


, 
n  of.  3'1I 

itn  liwittnii  stiff  -iff  a 


Ml 


f«»  3«I. 


, 
Briiwh  ttifrrimt  nttltt* 


* 
fftfiUr»ti''n,  305. 


l'*# 

through,  Ktf, 
«li'ai'>fy»  vr  I»*afc*^»»  J| 


*.  «il#  11? 


«I14  7*1  ft! 
it  (VMM  wit?i 

f»»  3*14,  :i 


,  s«,  :i«i#  114  us, 

34? 


,  541 


I  Viiifii 

*  *)4**i  <t*rt»  5W7 
tuifii,  ^14 

*  «t^9s^ 

l«*ifi,w&4 
uft*t  l^ifpf,  SSI 
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Central    air    conditioning    sys- 
tems, 001 

accessibility,  615 

air  quantity,  606,  608 

apparatus  dew-point,  605 

by-paas,  (504 

control,  602 

cooling  load,  00,  249,  600 

corrosion,  &80 

design  procedure,  615 

effectual  temperature   differ- 
ence, 607,  608 

equipment  arrangement,  601 

equipment  selection,  616 

evaporative  cooling,  611 

fan  system,  2 

features,  601 

heating  load,  607 

induction  units,  600 
high  privumro  type,  610 
low  prwaure  type,  600 

location  of  apparatus,  014 

outdoor  air,  601 

pre-ctKiling,  611 

reheating,  '003,  612 

run  -around,  612 

»»lwtion(  ft]  2 

Nttntjihip  rooling;,  611 

jjom««»  602 
Centrifugal 

compressors,  778 

rondbrwig  unit,  781 

fan,  675 
Charcoal,  701 

Chart 
air  flow  t\nil  noumi  tovel,  859 

air  friction,  M2f  648 
cttnvAM  rntnuw,  5K2 
comfort,  12ft 
fwiijpirwwr  nud  coil  i^rfonn- 

imr*\  793 
correction  for  1*11*0  ruughnfss, 

(Wft 

dpIjumiiJHJw  jtf  rformtmt?,  H04 
d<*u#n  tomf#rittur<*  map,  232 
economical  thickmwt  P»IH?  in- 

nutation,  58B 

ttmr,  12!) 


lure* 
fan  fthari 
fitter  wii«t*no<s  ttUK 
frtatitm  &ir  <iur  to,  (M2»  f!43 
friction  in  Maak  irtw 


by   r 


from 


duett, 

from  I«Hly»  Hi*,  130,  124,  125 
*«,  5711,  5HO,  SKI, 

»  147 


tout  ol 


tilt  for  vfcrimut  tr»tt»«*i»' 
iioft  WffiW^iite*  IfH 

I*y0Ii»»0tric  cl*ri»*  15ft*  347 
#t  wtt, 

room 


*  SSI 
SI 

tfttefciii*  p!|»,  If»iilftlfirt 
vtnl 


Chart  (continued) 

well  water  temperatures,  714 
Chemical 

laboratory  hoods,  926 
reactions,  912 

control  of  rate  of,  912 
vitiation  of  air,  115,  153 


Chimney,  chimneys,  379 

available  draft,  381,  388 

construction  details,  394 

determining  sizes,  384 

domestic,  385,  391 

effect,  2 

factors  affecting  draft,  388 

gas  heating,  392 

general  considerations  for,  390 

industrial,  381 

performance,  385,  390 

static  draft,  380 
Cinders,  156 

Circular    equivalents    of    rec- 
tangular ducts,  646 
Circulators*  486,  496 
Cleaning  boilers,  366 
Climatic  conditions,  227,  253 
Closed  expansion  tank,  408 

sizing  formula,  499 


Coal,  coals 

anthracite,  304 
Irituxrtinouft,  304 
classification  of,  303 
dufftlcRft  treatment,  308 
estimating  consumption.  399, 

410 

Bring  methods,  319,  320,  321 
lignite,  306 
Codei,  1019 
SnatullAtion,  1019 
rating,  1010 
testing  1010 


of  tnuuimissioru  §» 

101,  KI9f  m,  735 
bailment,  186 

floor,  186 

wail  186 
foilit  735,  001 
doors,  1W 

flow™  IUM!  willnfi*  188,  HKM95 
jtrimn  eoniitruGtion,  184,  189 
glww  block  wiilb,  m 
mii4onry  itttrUtiooa,  189 
miuottry  wtdl«»  1S8.  1E9 
ov0r»ll»  170 

f  ttrmnlfti  iw  enloulntinKt  170. 

m 

,  imt  IflS,  190 


Ml  eoits*  735 
tir  fl«iw  ttMi»t*ft(Mit  747 

f  741 


y  730 

74$ 


m 


ni  7B8 

dry  ce0iin«,M7,  611,749 
icwr  «rrftHfeenMint(  740 
burnt  tmfaiNkm,  747 

I*tt  t»i»for  •ttrfftoet  749 

bwitiai,  744 

74§f  751 


t  lit 


Coil,  coils  (continued) 

selection,  743 
cooling,  745 
dehumidifying,  745 
heating,  744 
steam,  737 
uses,  735 
water,  738 
Coke 

classification  of,  306 
estimating  consumption,  410 
firing  methods,  322 
Cold  therapy,  146 
Color,  piping  systems,  22 

Combustion,  303 
air  required,  314 
analysis,  314,  341,  343,  1014 
chamber,  343 
sas,  325,  346 
heat  of,  312 
oO, 341 

principles  of,  312 
rates,  340 
smokeless,  321 


Comfort 

air  conditioning,  2 

&ir  conditioning  systems,  001, 
061 

chart,  130 

Hue,  2 

»mc%  2 

Commercial  oil  burners,  337 
Compartment  dryer,  954 


Compressor,  compressors,  779 
centrifugal,  780 
reciprocating,  780 
rcfriKftration,  iw.»rF«>rniane0  of, 

77H 

mtory,  780 
wtetm  Jet,  773 
Condennatcs,  370 

return  inimj«,  472 


Condensation 
buildi&KR,  107 

Interstitial,  100 
return  pump^  472 
Murfiice,  108 


ir  cwiled,  781 

data,  732 
7S2 


Cuuditlttn  Ufte»  61  ,  608 


*  3,  171,  172 
,  172,  177 
itai&g  m&Uwhh,  1  73 
ow,  178 
»  170,  W3 


,  101,173 

< 

l(Kt 
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C«4wciifltf»  3,  101,  17! 


hMtisw,  744 


build 

btiildifti  »»ti*rlftli»  173 
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Conductivity  (continued) 

homcigiwous  materials,  171 
insulating  materials,  173-176, 

179»  578 

insulation  blankets,  175, 180 
insulator,  173-176,  578 
loose-fill  insulation,  176 
masonry  materials,  173,  ISO 
planterinfc  materials,  174,  180 
reflective  insulation^  172,  ISO 
rigid  insulation,  ITS,  181 
rooting  construction,  174,  181 
woock  174,  181 

Conductor,  H 

Conduits  for  piping,  593 


Control,  controls 
actuated,  H(W 
actuating,  800 
lurbornt*  infection,  135 
ftlUyenr  conditioning,  002,  810, 

812  g 

application,  K!2 
autrnnfttic,  42!J>  805 

fuel  *M»lwm<Mtfi,  337,  805,  303 

temfHTitturt1,  805 
hum  tytHW»  H05 
<v*  at  rat  mn  *y*tttmf  602,  H14 

fdKwjtr  *y*to  m,  flOl,  W 


,  BOH 

n  Ht2 


, 
df  tttrle  heating,  80$,  HBf» 


fan,  Wrt 

pa  btirwr, 

«ii»ftfwi  ttpplknfwt,  344,  H05 

touting;  unit.  Hrt8 

hot  Wtttw  mt^ptyi  0414 

humidity,  rtiiiway  Pitrn,  Wi 

ludlcatittR,  HI  8 

individual  rfrtn 

limit,  W 

truuiulntitiff,  W05 

m<»tor,  KI7 

oil  bunirw,  MW 

ft*  KIT 


of  l"*ifwhi?mim! 
012 

ml  r<*af  tlwrw, 
mt4  of  eryfftalliftfttton,  ^13 


BI3 


well  wilier*  11$ 


,  $43 


rnotor.  H27 


1,  H34 


unit  cwfcr,  St2 

,  819 


tiolt  Vftntttftt«fli,  HI  2 


mm, 


Control,  controls  (continued) 

Controllers,  805 
f unction**,  805 

types,  805 


Convection,  3,  101,  105 
equation,  1(W 
unit  cowiuetancfHi,  104 


Convector,  convectors,  3,  fji)38 
507 

corrt*ctiqn  factor*  SW 

heat  ftmiMium,  503 

heating  (^ffwt,  508 

intlui'tiim,  600 

rating  S08 
Couvtirftinjt  vsinw,  (125 
Convomion 

hurnrrs,  337,  345 

^iiHtioiw,  15 

5,  351,  MS 


Cooling,  240.  M5 
sir  conditioning  «niii,  345 
ittniwplwric*  wfttrr*  7W»  7*4 
cnil  jMucctidtti  7411 

AVAtrttCHtiVO,  fill 

ir*d,  5fi»  271,  IKifi 


spray,  m°l,  fJU,  1*17 


jii»  «f  r«r|itii»iftf  !ii,  7«KI 
winter  fiTit^iiw,  733 


»  541 


rlrfr»»tiw«,  530 


, 
typiw  «(, 

«  721 


ttoppw  tttww  ft<|iiivil«att,  41? 


Corroiloa*  Mi,  TO 

air  d 


to  wnttr, 

litffeir 

mi 


' 

f  Iff 


^ir  f  t 


*,  mil 
xfv 


owinniK  and 
r«*nt,  *Hfl 


241 

CyliiuW  <lry«*r,  'JS4 

D 

Duttoa**  rule*  33,  til 
l>fuui*r,  damptw^  427*  MU 
I>!it»*y  (urnmUt  77 
IVcih^},  MS 

Dftirecf-4if»  Jl,  403,  404 
f»r  ftttttMM 

I*'«ink  Inr,  iwPllifH^  441 
oi^rftting  tiiiif,  412 
11  tat  fwffl  <*» 


air  *!^iid 

air  wnslwn,  71  ?t 

««fnt  713,,  751 


>r,  i,  24 


Hun  i*»,  5W 

741 
Dk«ct 


trt 


I'at  it  i* 


Wt^ 
^ 
,  5 


^|  «  f« 
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Diverging  vanes,  025 
Domestic  oil  burners,  337 
Door,  doom 

coefficients    of    transmission* 
1% 

leakage,  205,  207,  209 

natural  ventilation,  205*  217 
Down-Feed 

one-pipe  riser,  3,  6 

steam  boating,  3,  449 

system,  4,  445 


Draft,  drafts,  4.  379,  018 
available,  381,  388 
calculations,  379 

chimney,  370 

control,  324 

factors,  380 

general  equation,  370 

head,  4 

mechanical,  879 

natural,  211,  370 

regulation,  324 

requirements,  3£4»  380,  301 

theoretical,  370 
Drawing  symbols,  17 
Drip,  drfpa,  4,  447,  479 
Drum  dryer,  953,  954 


Dry  »ir,  1 

composition,  23,  812 

dennity,  24 

filters,  0OT 

properties  of,  23 

velocity  iwttUf  049 
Dry -bulb  tomjjerature,  0 
0ry  cotJinjE  ec/ik,  011,  735,  740 
Dry  return,  8,  443 


JDryer, 
o»l>inot,  9M 

ciiteulatiom,  948 
compartment,  W4 
cylinder,  9S4 
drum,  953 
rotary,  «54 
•pt»y,  05$ 
tunnel,  954 
Dryer  calculations,  948 


Drying, 
ftppfi 


,  883 
of  hygromf  try,  047 


chart,  047 
conduction,  953 

conattmt  raid  period,  937,  939  » 

,04! 

convection*  953 
control,  951 

ftftoct  of  air  velocity,  WE 
equations,  §44 
equilibrium  woiBture,  MS 


extditkal 
factors  influencing,  W4 
fatting  rrnte  period,  Ml 
iti<rat,  935 

>!»  934 


»  938 


conduction,  953 


, 

*.  V5(t 
t,  V5t* 


Duct,  ducts,  41S,  428,  641 
air  velocities  in,  426,  657,  927 
approaches  to  outlets,  633 
area  change,  651 
attenuation,  851 
circular  equivalents,  640 
construction  details,  665 
design,  418,  428,  041 
design  methods,  658-665 
elbow  friction  losses,  660,  930 
exhaust  design,  919 
friction  losses,  641 
heat  loss  coefficients,  668 
lining,  854 , 
measurement    of    velocities, 

1005 

noise  transmitted,  427,  845 
pressure  loss,  641 
^circulating,  417,  419,  426,  638 
rectangular    equivalents     of 

round,  645 
resistance,  641,  930 
roughness  correction,  644 
side  outlets,  634 
sizes,  641 

sound  absorbers,  852 
symbols  for  drawing,  18 
system  design,  418,  428,  641 


Dtict  sizing,  641,  658 
equal  friction  method,  659 
general  rules,  418.  429,  658 
static  regain  method,  661 
velocity  method,  858 


Dust,  4,  153 
combustible,  163 

concentrations,  157 
determination,  156 
filters,  693 
precipitaton,  708 

removal,  702 


Dust  collectors,  093,  703 

application,  703 

centrifugal,  705 
cinder  catching,  706 
cyclone*  705 
dry  dynamic,  705 
high  uflMeney,  705 


fubrie,  704 

factors  affecting  ttteotion,  702 

settling  olmmtwB.  700 
testing  methods,  706 
wet,  704 
centrifugal,  705 

disintegrator,  70S 
dynamic  pmwipitefw,  70S 
orifict  typ«»  705 
packed  toww,  705 
wiiahen,  704 

ift  he*d,  «,  m 
*,  048 


EDR  (Equivalent  dlwwrt 

tion»  7,  ML  454P  458, 4H0,  SOS 
7,3ft,  508, 507 


Bffectiv*  tetnpwatisrc  dm  Tern- 
ptmturfti  ft,  lUt  iM 

olmrt,  lite 
index,  m 
Eltc 


Elbow  (continued) 

friction  losses,  459,  487,  984 
iron  equivalents,  459,  487,  984 
sheet  metal,  equivalent,  419 
432,  050,  651,  930 


Electric,  electrical 
air  conditioning,  867 
boilers,  867,  868 
control  systems,  805 
heaters,  865 

conduction,  865 

gravity  convection,  866 

radiant,  866 
heating,  885 

calculating  capacities,  870 

central  fan,  866 

control,  866 

domestic  water,  869 

elements,  865 

induction,  870 

power  problems,  871 

resistors,  8,  865 
hot  water  heating,  868,  869 
motor  design  limxta,  820 
panel  heating,  520 
precipitatore,  703 
radiant  heating,  520 
resistors,  865 
systems,  810 

voltage  ratings,  820 
unit  heatera,  800 
Electricity  static,  914 
Emissivity,  107,  109, 172,  518 

factors,  107,  518 
Enclosed  radiator,  507 


Enthalpy,  4,  35 

free,  4 

specific,  4,  35 
Entropy,  4,  35,  50 

mixing,  50 

Equivalent  evaporation,  4 
Estimating  fuel  consumption* 

399 
Eupatheoftoope,  527,  1014 


Evaporative 

condensers,  781 
cooled,  unit  conditioiMri,  553 
cooling  0U 
Evaporators,  783 


Bawets  air,  315, 343,  347 

opening,  635,  630,  920 
of 


tir  flow  mtupmn'  incut,  923 
axW  f  eteoity  foruiufo,  TO 
dawifioation,  of,  919 
corrotioa*  9S1 


?,  D30 


c  vtwtruction*  i 
a»  ffl 


duct 
duc 


fflttw,  104 
t  Hi  el«ii  cy  af»  130 


copper  (KttttvimMitAf  4S7 


mv 

tir 
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systems  tmntinuttd} 
hoods  (continmd) 

axial  velocity  formula  for, 
923 

c&nopy,  t)25 

capture  velocities  021 

chemical  laboratory  926 

dftsign  principles,  920 

kitchen,  927 

Inrgfc  of>en,  925 

lateral  odwuat,  $20 

low  velocity  systems,  924 

spray  bootiw,  #26 

suction,  021 

velocity  contours,  025 
rtwifltuMfto  of,  $30 
auction  nKtuircmcmt* ,  !)*3 
tyrow  of  fans,  031 
velocity  requirements,  921,  028 


Expansion 
factor,  guw'H,  89 
of  pipe,  m,  502 
orifice  plate* >  85 
tank  piping,  498 
tank  ««»,  498 
tanks,  4ilH 
,  784 


Fto,  f  *fis»,  430,  f 


WKutnt  of  dnvt'H,  fiH4,  fl-RII 
*ttin,  691 
Iwiitiwj,  fiftl 
typ«%  67S 
axial  flow,  (175 
ettntrifujtyli  075 
oiianuttcrfhtta  cnmw,  find-  f!td 
control,  W 

iaxift.  »M,  MJ,  Wfl 
y,  677 

iH  425 
n,  flHt) 
town,  077 
motive  jxtwf  r,  6h7 


w, 
of, 


*!7$ 


6B7 
««tr 
$41 

f  «77 

Myktoni  ott&woterfetkv,  IH3 
tp  dWI 
,  77 
,  145 
for  urmlwction  ofi 


,  172,  17»,  740, 


»  7IJ4 

»ir  <xmditionlt)g  unit*,  $44,  140 
<!ry  air*  W»  fflt  S62 
dart,  W 

»  700 
»  W7 


coadu 

%  740 


75* 


Fittings,  418,  432,  557 

pipe  allowance*,  419,  432,  459, 
487,  930,  984 

types  of,  419,  432,  557 
Floxiblo  moTintinp;s»  SG2 
Float  trap,  474 
Floor 

cooling  unit,  548 

bent  tnuwfw  coefficients,  100» 
191 

unit  heater,  5,13 
Flow 

coefficient*,  orifiwa,  86,  87 

compressible  fhiiclt,  81 

critical,  79 


liquids,  01 
orificsMt,  83  1  03 
Pitot  tnl)f«,  95,  1005 
fitmm»  ^0 

Flow  motors,  07,  5i»7»  083 
Fluf  RJW  low,  31fl,  31  S 
Fluid  flow,  75 
theory,  75 


Fog,  4,  16* 
F*»m\  4 

I'OlWtl 

air  hcmtinR  myMotn«  425 


s 
Fiw 


ti<»»,  104,  749 
ion,  104 


Friction  Io» 

fiir  diirtR,  440,  WI»  W2»  « 
rirpttlnr  $*i|«r»»  77,  641 
4-Hwiwn,  4W,  «,  490,  4^7,  830, 

iiw 

girt  piping,  34K 


water  pi|»i»«»  487, 
Ftt*I»  ftwli*  MO 


(nt*t  or*  418 

mjt»i«tfni 
«»itt*»ii»l  (tftipt 


4CS 

,  413 
418 


unit  f!f*r 


fed  oil,  W7 

«rl 


t^  4§T 


1,  JWH 
f*  SH17 

»  111 

itttxltiium  tturtion  c!ioxi*i«  w* 

««*,  Xlft,  M3 
ttt«w4t«I  air 

1I4»  341 
vimjMlty. 

Ftttfll*,  4*  III 


3W, 


894 


£,, 

373 
««tfofiL3» 

ah 

w* 

I«if3ffl 

ii»itof  ^ 
xmvlty  WHIM  tSr* 


Furoacc,  Furnaces    irMhnur 

heating  aurfar^,  ;!70 
lieavy  «hity,  ;>!»*? 


xo(ThnntrAl  \v;inn  tiir,  3i^ 

c»>ntn»l«,  4;>(;< 
fouling  mof  hoil».  453 
(•Doling  t*>i*t4'm,  441 

cinruiK.'"!^,  427 

<!ui*f«,  427 

tnw*r  ArtH 

filfrw,  MS 

uwthmi  (if  df  4}tntn«,  421 

nmtow,  SrtH 
oil-firrd  nuiti,  341 
rntinic.  370,371 


fimr!  unit,*,  MO 

3© 

s  4,  333,  341 


ilralf,  Ifffil 


Gait,  £«ws,  Wi.  i?t">,  ir^r 

<',  IW»  IA7»  Ml 


ry^  («jf  i 


fuels 


314 


4  1W 


4»,  31? 
l^lfrt,  344 


f  /*,  f'l? 


t  ^  iwte 


*4,  #1*1 
Itl 
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Glass  block  walls 

coefficient  of  transmission,  190 

solar  beat  gain,  2S2 
Globe   thermometer,   510,   528, 

1014 

Goff  diagram,  51,  62 
Graphical  symbols  for  drawings, 
17 

duct  work,  18 

heating,  20 

piping,  20 

refrigerating,  21 

ventilating,  20 
Grate  area,  5,  302,  383,  370 
Greek  alphabet,  14 

Grille,    grilles    (*e«    Rtgtitert), 

415,  426,  018 
air  supply  nowes,  851,  857 

attenuation,  851 
exhaust,  417,  420,.  63ft,  972 
locations,  420,  630 

door,  637 

floor,  637 

wall,  629.  637 
mechanical  furnace  systems, 

426 

nofeeft,  027,  029,  868 
railway  car,  903 
redroxiiating,  963 
return,  417,428,  630 
m lection ,  858 
velocity,  426,  635 
Ground  temperatures,  230,  712 


Guarded  hot  plate,  1013 

Gun  type  oil  burners,  337 


H 

Hangers  pipe,  563 


Hartford  return  connection,  443, 

445,  470 

Hay  fever  symptoms,  147 

Health,  135,  014 

Kent.  5 

are*  trtuwmitting  feurfticc,  001 
Aourct)*,  242,  28S 


, 
combuntum,  004,  300,  310,  313 

of 

pfia:n«W|  200 
Uptttit*,  120,  124,  125,  288, 
519 

ctiuttntentiii  118 
flw  rwwutunwi,  107,  170 
flow  through  roof*«  186,  102- 

105,  270-377 
flow  through  wttll%  181-189* 

{470*276 
jtiUn,  240 

ttPiMMrntwl  by  motor*,  2Js9 
humid,  8 
ittfiitmticm  ftquivjifrntt  2S6 


, 

hy  ntitaido  itjjr,  2W 

t,  5,  241.  24H»  25R,  287, 
2W,  »4»  209,  «U»,  fiW 
liquid,  I 


10 


Heat  (continued) 

sensible,  5,  240,  258,  287,  288. 

290,  294,  605 
factor,  605 
specific,  5 
transfer,  101, 169,  503,  516,  575, 

668,  749 

boiler  rates,  355 
overall  coefficients,  101, 169, 

170,  503,  749,  992 
surface  coils,  744 
symbols,  12,  105,  169 
through  building  materials, 

169,  270 
water  coils,  982 


Heat  gain,  249 
appliances,  290 
ceilinp,  270,  285 
components  of,  249 
ducts,  607 
electrical  heating  equipment, 

292 

floors,  285 

gas  burning  equipment,  292 
glass,  276 
glass  blocks,  280 
infiltration,  286 
instantaneous,  234 
latent,  258,  610 
lights,  289 
moisture,  293 
oecupanta,  288 
outside  ftir,  287 
partitions,  285 
people,  124,  288 
roof,  200,  270 
sensible,  240,  016 
shaded  windows,  282 
solar,  249 

»team  heated  equipment,  201 
various  sources,  24S»  294 
ventilation,  280 
wall,  266,  270 


Heat  lots 

Air  change i  240 

bar©  pipe,  500,  575 

basement,  237 

duct,  008 

infiltration,  240 

irwulatcd  pipe,  577 

latent,  241 

reaidonco  problems,  243 

Hennible,  240 

through  wrings  and  rtwfe,  239 

to  «kyf  2BO 

tnuuimtfe>i(int  160,  230 
Heftt  pump,  700,  777,  m 


diroct*firftd  unit,  531 
•toctrto,  $34,  m 


tmit,03J,  WMS 
vtrttoil  blow  «»it»  §33 


au 


»  IIII 

105,  107.  !(ft,  It*,  003 
*  ftttunu 


iftjc  unitii  645 


e,^,  3W 

coil  m»lt»ctw«»»  741 
district  »1 

watnr  by  «!t«triclty> 
8S9 


»  007 


Heating  (continued) 

performance  of  coils,  749,  991 

radiant  (see  Radiant  Heatingi)t 
515 

reversed    cycle    refrigeration, 
777 

eteam  systems,  443 

surface,  9 
square  foot  of,  8 

symbols  for  drawing,  17 

up  the  radiator,  512 

vacuum  systems,  9,  450 

vapor,  10,  448 

warm  air  system,  10,  415,  435 

water,  485,  977 
Heavy  duty  fan  furnace,  368 
High  duty  humidifiers,  715 
High  temperature  hazards,  121 
Hood,  hoods,  920 
Horsepower,  boiler,  2 


Hospital,  hospitals 
air  conditioning  in,  135 
operating  rooms,  140,  142 

air  conditions,  142 

reducing  explosion  hazard, 

sterilization  of  air,  135 
ventilation  requirements, 
141 


Hot  water 

boiler  supply  load,  301,  977 
coil  surface,  901 
demand  per 

fixture,  077,  988 

ptrfton,  987 
electric  heating,  868 
heat  pump,  998 
heating  surface,  991 
indirect  heater,  989 
methods  of  heating,  988 
pftndi  heating,  515 
radiant  heating,  515 
Mrvicft,  077 
aerviee  piping,  993 
w»l«r  heaters,  0@5 
storage  tank,  980 
Bupply 

bpileri,  354f  808,  980 

pi  pS  nit,  W3 
temperature  control,  W4 


Hot  water  tenting  systems  8, 

m 

Iwtad,  495 


direct  return  »y«tf  m,  489 
elbow  equivalents,  4&7 
ftxfrtinftton  tftnkt  4'08 
f«ef  d  ftirout»tJbn»  48ft,  4W 
friction  brad*,  48» 
grovity,  493 

RVftilfthltt  hMtd*  4SS 

ciretiliition,  481 

!n*ftdf,  485 
li,  501 

i,  407 


,  4W 

vity  eifetil*ti«!fi»  4M 
jSw  friction  htftdi,  4»1 
40 


clrc'iilttiw*»  4tt 


tttiira  4W 

of  pipte«*  4H 
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Hot    water    heating    systems 
(continued) 

two-pipe 

forced,  497 

gravity,  498 
xoning,  502 


Humftn  body 
acclimatization,  122 
adaptation.  118 
cold  conditions,  123 
hot  conditions  t  123 
heat  emission,   U7,  lift,   120, 

288,  618 

high  temperature  hasnrdt,  121 
metabolic  rates,  120,  12? 
odora,  117 
temperature,  117 
mm  of  evaporative  regulation, 

118 
Humid  beat,  5 


Humiditatiom  531,  711,  7t(S 
control,  42fl,  S05 

direct,  718 

mechanical  him.w  syatwus. 


Humidifier*  humidifier* 

ftir  washer,  7(K» 

fctomixiriK,  715 

high  <l»ty,  718 

fttxray,  7lfl 

unit,  71 H 
Humidify*  5 
Uttmidwtut,  5,  HW 


Humidity* 


control,  806,  054 
l&awutwi  of,  12Ht  144 
tacftfiuft*  Riant  <if,  1010 
nurNttrtw)  fe»r   pramatut*   in- 

tonta,  144 

ptrrtiiwibte  wlntlvei,  I  PI 
ratio.  5,  JMJ 

n,  ft,  W,  805 


,  5,  80ft 

I 

77fi 

,  477 


ctf          . 

Induetbn  umts,  8W 
high  pNMttur*  tyi*«»  <JtO 

low  iwpuwsttrt  typMi,  W 

Industrial 


rying,  f  13 
ooatuninitint  eontrolt  9  to 
oontrol   of   cl»tete».l 


w,  §14 

titlfimiuw,  913 
ccmteat  Mod  »• 


prwcww,  907 


Infiltration 

causft3f  205 

duo  to  wind  preasuro,  2G5 

heat  equivalent,  240 

bent  IOSHOH,  240 
latent,  241 
Sf*nsibl«s  240  > 

temporaturft  difference,  210 

through   outside   doom,   209, 
24 

through  walls,  20$ 

through  windows,  200>  208 
Inflammability,  164,313 
Ituridn  terni^rAture,  22B,  250 
Xniftruiuonta,  999 


*  fl,  575 


gravity  furnam  duct, 
low  tnmimrfiture  r 

pip<%  573 

pij^s  to  prevent 

notmd,  832 


Interniitf^ntly 

ings,  343 
Intprstitia!  e 


nnftl»  0 


Joints*  duet, 


K 


t  tterffl»m*ter*  110,  101ft 
L 


»  24! 
f  tl 

,  411 

tetfeap  «f  »lr,  S 
df*»r,  307*  m, 
wiad«w»  afl7»  a 

Ught  ltf»t  ***«* 


taut  uf, 


*  W! 
mnxinsuni,  fl,  3% 

t»i  111 


fttattai 

M4w»f»t'f*r»  4,  IW 
iliriw*  '*•*  imp 


MMi,  4IS 
w  md 


f»  »«iK* 


f  «  124* 


Meter,  meters,  597 
area.  '51*7 
conden&it<s  597 
diffen»nti»l,  507 

flow,  3t»7 


Pftt,  1013 
orific«\  H9,  508 


,     . 

velocity,  fi^7 

v«ntunt  ]OOS 
Metering  liquid  fO»  597 
Metering  ntc«tnt  W> 


Micron*  ft 
Mfait,  134 
Moiit  air,  23 
ftftturntinn,  €J 


ityt  200 


»  motors  2CI,  ;P»H,  f 

tflft  fsiti^tl,  **2r> 


wound*  *tf 

jc^'*!*  ***t 
,  » 


f  tor  ffif  »  M9 
furlmn*'***,  Hit 


»jv\  243 


»* 


trt^l         ««»!«*" 


:t» 

towfff,  lit 

r<i{*w»  III 

|Wtt*»Vfclr  JW 


» 

WI4  *W< 

«)r  III 

«§  f» 

fur  III 
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Noise,  noises  (continued) 

cross  transmission,  between 
rooms,  800 

dp&ttgn  room  level,  847 

duet  sound  absorbers,  852 

duct  K.VMttiin  attenuation,  851 

fans,  848 

general  problem,  844 

grille,  868 

kinds  of,  846 

levels,  847 

loudnew,  848 

measurement,  844 

plenum  abnorption,  857 

through  building  construc- 
tion, 861 

transmitted    through    ducts, 

m 

unit  of  measurement,  843 
Nowle  flow,  83,  85 

N0«Ie  installation,  96 


Nurseries  for  premature  Infants, 

Z43 

air  conditioning  equipment, 
144 

air  conditioning  requirements, 
143 


Odors,  115,  117, 150, 158,  917 
human  body,  116 


Oil  oils 
clMftificutiott  of,  307 

combustion  of,  312,  341 
estimating  eo&aumption,  409 


(HI  burners,  387 


t,  343 


combustion  adjustments,  342 
combustion  process,  341 
ccntroU,  344f  SOS 

domestic.  '$7 

furxuuMr  nitujjn,  34$ 

gun  typf  f  3S7 

ffltaaurwneftt  of  efficiency  of 

comb  tuition*  34$ 
mechanical  draft,  337 
operating  renuirwnonta,  Wl 
rotary  typ<\  338 

pe,  330 


Ooft*9ip«  system,  443,  4>W 
gravity  iur-v«ntt  404 

hot  water,  485 

9tmm,  0,  443 

0«pply  rift«v  0 

unit  hotter  eoantctioa,  S38 

vapor,  44fi 


ulr  impply  XWUHMU  SS7 
•took*,  Jiifl 
iytw  of,  216 


,  217 


i,  217 


,  142 


Orifice 

discharge,  89 

flow,  83,  85 

formulas,  1007 

heating  systems,  452 
Orsat  apparatus,  1010 
Outdoor  air,  601,  966,  972 


Outlet,  outlets 

air  supply  noises,  857 

ceiling,  030 

duct  approaches,  633 

location,  631 

performance,  627,  630 

selection,  63Z 

side  outlets,  634 

sound  absorbers,  857 

types,  629 
Outlet  locations,  630 

cooling,  637 


,. 

Outside  temperature,  227,  233 
Overhead  distribution,  595,  993 
Overhead  system,  0,  595 
Oxygen 

chambers,  149 

tent®,  148 

therapy,  148 
Ozone,  117 


Panel  heating,  515 
calculation  principles,  520 
electric,  520 
hot  watar,  CIS 

steam,  519 
warm  air,  518 

Panel  radiator,  8 

Particle  size  chart,  155 

Per  cent  of  saturation,  40 

Perforated  ceilings,  630 

Perforated  outlets,  B30 

pH  value,  875,  878 

Phon,  843 

Physical  impurities  in  air,  117 


Physiological  principles,  115,  510 
Pipe  coils,  500 

heat  emission,  608 
wall,  m 


g,  5.57 
oapmcity,  458-405,  488»  077 


, 
oo-U  connection*,  482 

colt  output,  §00 
eold  watw,  078 
commercial  ditnonxiuiui,  07, 

550 

conduiti  for,  W 
cc*»jiwtwii  t«  liaating  unite, 

482 
corruyion,  873 

tii  hftt  wnter  §y»km,  402 


to,  141 


141 


forced  dnmlntloa,  4W 
«mvity»  4IK1 
«Wi-pi|Mt    foreft 

m 

one"pijie  gravlfcy  dr 

4fl 
two-pli^t   fwwd   elreulttlon, 

two^iiw!  gmvity  olrouUtwn* 
4 

ifttuta* 


Pipe  piping  (continued) 

expansion,  562 

fittings,  557 

fitting  equivalent,  458,  487 

flexibility,  562 

hangers,  563 

heat  losses,  575 

hot    water   heating   systems, 

, 485  , 

inside  dimensions,  558 
insulation    prevent    freezing. 

585 

leader  sizes,  418 
low    temperature    insulation, 

materials,  557,  890 

overhead    distribution.    449, 

505,  993 
sizes,  453,  457 
high  pressure  steam,  461 
hot  water  forced  circulation. 

495,  497 

hot  water  gravity  circula- 
tion, 495,  496 

indirect  heating  unita,  463 
low  pressure,  459 
maximum  velocity,  457,  492 
one  pipe  riser,  460 
orifice  systems,  452 
pressure  drop,  457,  460-460, 

487 
sub-atmospheric     systems, 

468 

tables  for,  4S2 
two-pipe  riser,  480 
two-pipe  vapor  systems,  465 
vacuum  eystemu,  407 
water  supply  systems,  977 
steam  distribution.  443,  69 L 

505 

stearn  heating  systems »  443 
supports,  563 
symbols  for  drawings,  17 
tax,  300, 361 

thread  coaaectioas,  593 
threads,  563 
tunnels,  595 

underground  insulation)  892 
unit  heator  connections,  444, 

533 

water  supply,  977 
Pitot  tubes.  95,  1005 
Plate  ceil,  850 
Plenum  ttb«orl»r»,  8$7 
Plenum  chamber,  5 
Pneumatic  control  synterns,  805 


Pollution  Of  air,  W3 
Polyphase  motors,,  822 
P«m<i8,  717 
Potetitionwtetv  8 
Power,  7 
Fraoipitutur*,  608,  70S 


Prtraatuw  Infimfc  wur^rfet, 


abtolutu,  7 


»,  1003 

,  water  titppty  i>ipbf»  Wl* 


1004 

t  414, 


rei  ulatoiv* 

static,  7 

7 

vftcwr,  7 
1 
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Prime  surface  (see  Heating  Sur- 
face), 9 

Propeller  fan,  075,  691 
Protective  coatings,  890 
Psychrometer,  7,  53 
Psychrometric  chart,  128 


Pump,  pumps 
condensate  return,  472 
mechanical  circulators,  485 
vacuum  heating,  472 
controls,  473 

piston  displacement,  473 
Pyrometer,  7, 1002 
optical,  3002 
radiation,  1002 


Rectangular  duct   equivalents, 

64S 

Reducing  valves,  468,  594 
Reflective  insulation,  172,  ISO 


Refrigerant,  refrigerants,  H»  7fU 
dichlorodifluoromcthanc,  701 , 

703 

feeds,  739,  740 
rntonochlorodifluoroniothane, 

701,  705 
monofiuorotrichloromotharie, 

7ftl,  700 

pipe  817.08,  787,  7.SH 
water,  773 


Residence  tcnntwurtii 


st<;,'tia  honfiiuiNVsr^rn.  44"? 
f«*i^taiUT  thcrm<Mn»  t<n*s  li)02 


grille,  417,  4W 

mains,  8,  4i'U  4*VJ,  4C»,  .i«t«j 

oin'iiinp,  417,  42,1,  *%",i» 


Koof,  roofs 


Radial  flow  jfan,  675 
Eadiant  drying,  052 


Radiant  heating,  515 

application  methods,  518 

calculation  principles,  $20 

control,  528 

electric,  520 

fundamental     computation*, 

517 

hot  water,  518 
mean    radiant    temperature, 

515 

iftfta&urttfttttttt  of,  527 
objective,  517 
operative    temperature,    516, 

529 

steam,  510 
warm  air,  §18 
Radiation,  7 
tomobofcrd,  503, 505 
«<iuatinn,  100 
load,  360 
•hft|X)  factor* 100 


Btdlttotv  radiators*  7, 
tuwftboarti,  503,  505 

emiftw,  50B,  TO 
atmooatad,  507 


r,  509 
direct,  7 

affect  <*f  paint,  500 
f  nolowuti  012 

Mfrfired,  340 
boat  omiwiUm  of,  fi03 
hwting,  512 
hftfttang  «»fft»ctf  510 

output  of,  U03 
panel,  0 
ratbp,  SO'S 
rttNMMdf  7,  607 
tube,  m 
typ*»  of,  503 
warm  air,  840 


Railway  nir  conditioning.  061 

air  6te*ainf  ,  002 
air  dfattribution,  963 
humidity  control,  064 
summer  xytfawti,  902 
tempemturo  oont«»I,  004 


»  961 


Refrigeration,  759,  Ofi2,  »firtf  973 
atworption  MytttcmH,  77*5 
air  cycle,  772 
ammonia,  78H 
bjyHio  coiuvptfi,  759 
complex  oyclfH,  771 
comprttwtrH,  77H-7K1 
condcnwfrH  (*t?  Cttnicnttt-r*) 

781 

control,  7H4-7H7 
<(««ol«»rH,  783,  7K4 
de  finitimM,  75i> 
discharge  pn*»iurt\  7lK* 
e/iuipnwtit  w^lwttlon,  77«H 
fvaporatare,  78S,  7H4 
cxi*n«ion  VAJWH,  7H4 
ilont  vjUvt'B,  7KS 
heftt  pump,  777 
iw»  nyHternit,  770 


, 

piping,  787 
K'vcruw  cycle,  777 
rhip,  973 
M'rnp^  «ydc%  704 
Mtwtm  jftt,  773 
dikfttuu,  760 

ByifiUob  for  dmwinjc,  17 
tlt«iry»  W 
ton  «f,  «,  750 
<fft  of 


978 


water  ja«k«t,  7f 
wn,  910 
control  rrf,  010 


,  091 


riiili,  HI! 


,  (we  (Mi! 

417,  41S,  43M,  »!** 

air  iiipiily  note,  HS7»  ^7 


wi 

M*)ectkm,  411,  4W»  427,  43ft,  » 
H»hMt.  W4*  613 

g,  (KM,  618 


»  MHO 


909 

16$ 
wit  « 


tinw   !«w  of  « 

2*H,  2f» 
vent  ilatitrn,  UIT 


infant  h»»»t,  fttl 
KM»i'*»  !i»vfl»  H4T 
r>j«*ratj«g,  140 
?•!«  h**il»Ii*  Itf  at,  f 
Hotnry  dry  IT,  Id 
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Ship    heating,   ventilation,    air 

con  ditioning  (cant  in  ued) 
requirements  (continued) 

laundry,  972 
living,  972 
machinery,  971 
shower,  972 
storeroom,  973 
toilets  972 
washroom,  972 
systems,  typical,  974 
ventilating,  971 
Shunt  wound  motors,  824 
Silica  gel,  795,  797 
Silicon  dioxide,  797 
Single  phase  motors,  823,  832 
Slime,  881 

cause  and  prevention,  881 
formers,  875 
Blotted  outlets,  820 

eau»  and  prevention,  877 
Smoke,  8, 153 

abatement,  1$7>  321 

density  measurements,  1014 
Rmokeleffift  arch,  8 
Smokeless  combustion,  157, 321 

Solar  heat,  258 

abosrbed  by  glass,  279 

altitude,  259 

through  shaded  window,  282, 

2S4 

time  lag,  205 
transmiwion  of,  258 
through  glanft,  278 
through  roofs,  270 
through  walls,  270 
Solar  constant,  8,  259 
Solar  radiation,  2f>9 
absorption  <rtr  259 
Bnlar  wutr»r  hoator,  90.1 
Sol-Air  ti'miiemture,  2U2,  2fl8 
Root,  32*5 
Sixrlxmts,  795 
nbj*<»rt*»nt«,  705,  BOO 
ad«'»rU»ut*,  795 


Sound 


nn,  «51 


control,  M 


I  problem,  844 
nrW,  852,  KS4, 1 
>%  MS 

isolation,  54ft 

l*»wtn,  *»I7,  H47 


rtw,  374 


....  fhui^y,  4,  W,7l,  73 

ilry  ftir,  1*5,  52 
4fttmp,v*  4,  **4 
ttravttv,  ft 

VwIlJflM",    10 


»  71  II 


Spray 


distribution,  715 

dryer,  955 

equipment,  709 

Kenerati'on,  715 

humidifiers,  711,  715 

unit  air  conditioner,  545 
Spread,  air  distribution,  fiI7,  619 
Square  foot  of  heating  surface,  8 
Squeeze  damjjera,  427,  634 
Squirrel-cage  induction  motor, 
822,  834 

Stack,  stacks,  205,  218,  219,379, 

415,  418 
height,  8,  220 
wall.  415,  418 

smoke,  379 

Standard,  standards,  10W 
air  distribution,  817 

atmosphere,  70 
Standard  air,  1 
Static 

electricity  elimination,  014 

pressure*  7 

regain,  WJ1 

Steady  flow,  energy  equation, 
70 

enthalpy,  4,  23,  09 

gravitational  enorgy,  fill 

heat  and  shaft  work^  6tt 

kinetic  energy,  8ft 


coils,  737 

distribution  piping:,  »5!H 
estimating  consumption,  3f$» 
410,  50^ 

flow,  455 

flow  m«wvireinnntr  00 


.., ut,  443 

(iKMto  return,  443 
'tiaiJii  to  unite,  4S2 
1  vttlvm,  4® 
,,-v. ..^,,.t?n,  H80 
gravity    <>n0-pipo   air-vr 

444 

Kfavity  rattttn,  443 
high  pw»ur0Kt«im«  447 
tow  |j«w«w«  stoAm,  447 
mftcnnnicat  riitum,  444 
ctiW'tiitM*  1i'atK>rl  441} 

pitting  f«r,  443 


pitting  f«r,  443 
twt»'{iip«*  vsipnf,  441 


IHlHl*W»  5'Ml 

p^fMft  hfttting,  115 


1177 


*  773 


*,  iflt)  4»)S, 


ntm, 


I*!  3*1,  4*1 
#,474 


»  !W»  4H 

ittg,  SIS 
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»w^»L7IfJ 

III 


»n  **f  iir.  III? 

3» 

n^nwiilS^tioit  wf  *  ttl 
eoraljrtintiirti  534 

DttffibuMUtft  iffiM^Mwi!  331 


Stoker,  stokers  (continued} 

control),  337,  808 
furnace  design,  335 
mechanical,  82J) 
ovorfeod  flat  ftrate,  3151 
overfeed  inclined  grate,  331 
mzing  and  rating,  330 
underfeed,  330 

Sub-atmospheric  «,vatemH,  451 

Suromor  air  oondifcioning  «yv»- 
tem,  249,  430,  601 

Summer  comfort,  120,  130 

Superheated  Htcam,  8 

Supply  mainn,  8 

Supply  openings!,  426,  020,  063 
measurement  of  vdtxntiot,  1009 

Supports,  pipo,  563 


Surface 

eandtttuiation,  107,  201,  5B4 
conduct  anew,  3*  172,  177,  178 

fwtfictiente,  104,  177,  278,  582 
external  pipe,  577 
hcntiug, 


temperature,  10S*  373,  $22» 
1002 

unit  hoitac,  533 


Symbols,  12,  13, 14 
ductwork,  1«,  HI 
for  drawing*,  17 
luxit  trarwfw,  13,  1 
hunting,  20 
pi  pi  ft*,  17 
rwrigmtingi  21 
v*»ntil»tinn,  !IU 


Air  flmngMt  210 


and  kiutniiitttaii,  (K)K 
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Tables  (continued) 

climatic  conditions,  22fl,  253 

coal  analyses,  304 

coal  claswfication,  305 

codes,  1019 

combustible  element®  and 

compounds,  313 
combustion  rates,  362 
comfort  ranges,  127 
condenser  design  data,  732 
conduction  problems,  111 
conductivity  materials,  102, 

173,  180,  678 
con  vector  correction  factor*, 

S00 

conveying  velocity,  927 
fooling  coil  arrangements,  748 
copper  elbow  equivalent*,  4S7 
copper  tube  wirfnre,  577 
corrosion  resiHtaiiex*,  931 
coat  of  air  eonditioning,  R96- 

901 

degree-  d&yff  for  citfew,  404 
design  dry-  and  vwt-tmlh  tem- 

poraturoH,  227,  288,  2M,  253 
draft  in  chimneys,  ttfcfi,  Hi*  I 
draft  requirements  of  appli- 

anew,  31)2 

duct  attoftuntion,  851 
duct  jointR,  flfl? 
duet  sizing,  418,  421,  422,  430- 

438,  440 

duct,  velocity,  057 
duct  weight,  6(!Hj  669,  029 
ditht  wmoontratmn,  157,  162, 

m 

elbow  attenuation,  852 
flhow  otmivalontfti   450.  487. 

«30 

emintiivity  factor*,  107 
end  reflection,  856 
wivironmenttil  conditions, 

limit«»  122 
cuiuivaionii  tnmjxwitnre  dif» 

fwontjuln,  272,  274 
(*xhuuHt  j»ijw»  for  uuujhinw, 

&22,  024 

aiuit  v«jlw»iti«,  921 
iion  tank  mzctt,  W 


, 
fan  typoi,  076 

fitting  alkwimw,  4lf)»  45P,  4*7, 


jff,  565-572 
ft  tiata»  K08 
of  gutta  amd  va- 
pors, 1(14 
flanged  fitttaffM  Murfa<*0,  578 
flu*  gw*  d«w{x>int,  825 
flu*  pipe  wiuivaUxttft*  BUS 
fro*  ooovAotlon,  104 
friction  nUv«n  and  fittinp,  984 


iw«l  proptrtiM) 


s,  243 
hmt  How  walla  and  wrfi, 

272,  274 
hmt  Mia 


b«nt  low 


,  282 
ld 
,  288 

plpt,  578 


i  585 


eomietion  fwstow! 
pip  edte,  S00 


Tables  (continue^} 

hot  water  demand,  086,  9R7,  OSS 
hot  water  pipe  HJZOB,  488,  490 
humidities,  industrial  air  con- 

ditioning, 908 
infiltration    through    outside 

doors,  209 

infiltration  through  walla,  206 
infiltration  through  windows, 

208 

inflammability,  gases,  164,  165 
imude  tornpwaturofl,  233 
installed  eo«t,  890,  W7,  898 
instant  un<M!>UH  nolar  heat  R&in, 

280,  281,  282 

insulation  conductivity,  578 
ingulution  factors,  578 
iiwtilation  thicknwa,  587,  589 
immlAtitin  tn  prevent  freezing, 

58(1 

innuifttunu  undwRround,  589 
intake*  v^hvity,  635 
iron  rlhow  wiuivalfnf»,  487 
life  (if  equipment,  8013* 
limitH  for  contaminant*,  100- 

t  m 

j«aiiit«*nnrn*(»  rrwt,  901 
snuxitnutn   ullowalsli  wnctn- 
tmtionn 

di»t»  fuxiiod,  mists,  162,  183 

<lu«t«,  103 

flummnble  gww»  104 

W,  100 


or  ductit,  607,  020 


outdoor  Mir  r«qu»rf- 
i  U7 


n  motor 

motor  rating?*,  KI4 
itsotor  t«rc|iwi»  Kl^ 
xiciino  kvefe,  M7 

nil  fuel  #p«?ffi«itiott«»f  308,  300 
ltwwraf  002 

^  401 
,  117 


it  and  r 


to 

to  but,  i 


Hf«riitwri>»525 
tff1,  iizi,  1W, 

v»t*>r,  20-0 
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pil>»  fitting  diwtftiiriM 

'  068,  WO-578 
plpf  roufthnflfff,  80,  845 
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76S 
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fe^F,  I 
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radiation  factors,  107 
ra<liat»>r  heat   !•*•<•*  correct  inn 

fuctora,  5lty 
ntdmtor^izft*,  .104,  ,r»OH»  50fi 

rating  air  conditioning  unit*. 

,  553 

ratio  of  sivwific  tiiHtt<sf  Kl 

riftftrant  pr«'>r»(»rti*«,  Tffil,  76S, 


rigWAnt  lino  capudty,  7S7, 
78S 


tion,  7»2 

rogftin    of    hygnwrdplc    nui- 
tpriolH,  011 

requirmiwita  f*«r  fnt^oil,  308 
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441,  4fta 
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Tables  (continued) 

winter   design   temperatures, 
227,  233 


Tank,  tanks 

expansion f  498 
Tax,  piivo,  SCO,  361 


Temperature,  temperatures 
absolute,  D 
attic,  235 
automatic  control,  805,  812 

basement,  237 

control  for  railway  passenger 

car,  064 

control  service  water,  0M 
design  wet-bulb,  725 
design  temperature  map,  250 
dew-point,  54 
dry-bulb,  0 
drying,  008,  048 
effootivop  8, 120-132 
mound,  230 
Inward*  121 
industrial,  251,  908 
inside,  233,  250,  971 

efdlinttB.  high,  233 

proper  level,  2$8 
mean  radiant,  123,  515,  523 
BUKumrement,  989 

thermocouple*  1000 

thermometers,  999 
opar&tivp,  515 
outHido,  227,  253 
surface,  372,  f»22»  1002 
thermodynamio  wet*  bulb,  63 
unheated  »!*«§»  235 
water  main,  712 
wet-bulb,  9 


Terminology,  1 

Tost  method**,  999, 1019 

Therapy 

cold,  140 

fever,  145 
n, 148 


Thermal 
cnmlwtnnw,  171 
roiulurtjon  equation,  102 
ruudtuvtivity,  I02t  171 
convection,  101 
rtrnvection  ««<  iiiation,  UK! 
^xptirution  of  ptpo,  5fl* 
mtartthftttgw  of  t»wly,  117 
rwiiatifm  wiimtirm,  105 
rematimfto,  #,  ir<H7fl,  1W»  1R1 
rwiMlivity,  8,  I73-17H,  JKO,  181 


*,  111 


twin,  IW 

*%  l(KW 
miOR,  SGI 


Thftrmomtttf  & 


-. 

fbt»  Si%  fl2»,  1CII4 
tef  sin,  m 


mm 


Thermostat,  9,  806 

room,  806 
Time   lapj  through   walls 

roof  a,  255 

Ton  of  refrigeration,  8 
Total  heat,  5 
Total  pressure,  7 

Tower,  towers,  719 
cooling,  design,  726 
cooling,  performance,  728 
mechanical  draft,  721 
natural  draft,  720 
selection,  731 
spray  cooling,  719 


Transmission 


solar  heat,  270 
Transmittance,  thermal^  0 
Transportation  air  con<Mioniag> 
001 


Trap,  traps,  474 
automatic  return,  440,  478 
bucket,  470 

float,  474 

impulse,  477 

A  team,  474  t 

therinoHtatic,  475 

tilting,  477 

Tmvding-grote.fitoiker,,  331, 333 
Treatment  of  disease,  135 
Tropical  air  cooling,  130 
Tube  radiator,  7 
Tunnel  dryer,  0§4 
Tunnel^  pipe,  W 
Turning  vane,  620,  638,  851,1852 
Two-pi  i  KJ  Hyntem,  9 


U 

Ultra-violet  light  117,  138,  W8 
Underfeed  stok«r,  JS0 
Uudertcround   pipe  i&ftul*tiofti 

503 


235 


IF  ait,  units 
iwr  flioanoriii  Wfii  702 

nit  «c>ntlttiontr*,  MS 


euoii&x,  5M 


typta  of,  545 

a»  445, 


UritWt  tlWwftl  2 
**       •*•"         ft,  Mil 
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f,  Ml 


,  S4II 


,  3 


Unit,  units  (continued) 

heaters  (continued) 

piling  connection*,  538 
ratings,  W4 
temperatures,  534,  530 
types  of,  531 

humidifiers,  710 

types  of,  710 
induction,  609 
noise  measurement,  $43 
systems,  531,545 
ventiliitora,  540 

air  exhaust  ventn,  543 

applications*  543 

capacity,  541 

control,  806 


, 

window,  544 
Unitary  equipment,  531 
definitions,  §31 


Vacuum 
cooling  xmitv»  773 

hating  puiiii*,  ^ 

if  473 
pist 


»  472 


t 

down-feed*  448 
unit  iimter  eooiuctttm,  484, 

538 
Vacuum  dryer*  953 

*  572 


tio,  57$ 
cueck,  573 
wmtrol,  483 


,  572 
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Ventilator,  ventilators,  217 

control,  218 

roof,  217 

unit,  540,  812 
control,  812 

window,  544 
Vertical  blow  unit  heater,  533 


Vertical  openings.  211 

sealing  of,  211 
Vibration  machine,  851 
Viscous  filters,  694 

mitomatic,  695 

impingement,  604 
Vitiation  of  air,  115 
Volume 

control,  635 

furnace,  338,  343 

specific,  10 

w 

Wall  walls 

heat  flow  through,  170,  238, 
265,  270 

heat  transfer  coefficients,  101, 

169,  179 

infiltration  through,  205 
time  lag  of  solar  radiation,  205 


Warm  air 

gravity  heating  «ystftn,  415 
comoirmticm  carrying  raipHC- 

ity,  421 

d&tign  procedure,  4l**2 
furnace  capacity,  3(i!> 
installation  praatkw,  415 


418 
meobaaioai 

425 

automatic  control,  UftW, 
cooling  method*,  43V 


dampers, 

diwigft  proc*<itir«»  428 

duett,  4£7 

fans,  308,  439 

filten,  3fJ8 

fumww,  387 

hwiyy  duty,  388 

wfaetioa,  m 
humidlftofttfoa,  373 


a,  430 


Warm  air  (continued) 
mechanical  (continued) 

large  systems,  429 

registers  and  griltaR,  426 
standard  combinations,  427, 
428 

panel  hdatiuft,  518 

radiant  heating,  518 

radiators,  340 


Washer,  washers*  709 
air,  1,  7D1) 


Water 

analysis,  874 
atmospheric    cooliag    equip- 

mentj  700,  710 
charactoruttioo*  874 
clawifieation,  874 
colfe,  735,  980 
control  temperature  acrvicd 

994 
coded 

coacbnaer,  781 
corroaiotk  treatment,  873 
demand*  977 
faucets,  $78,  0H3 
fittings,  low,  »85 
fixtures,  yj« 
fixture  unttw,  97B 


d,  0H0 
«olarf  VUfi 
Iwwtiftg,  HSH,  088 


712 

meusw,  Wi»  W84 
min0raU«(Kl»  H74 
protKTtiiw  *>f,  80 
mpply  sri  ping,  1177,  078,  980, 


i  III 


Htorag« 
supply* 
t«cttpor*tur» 
thertnociyntt.mi<i 


trtntiag  oh«mioiUi*  ITS,  Pi 

Mi  7W 


Water  (continued) 

Water  vapor,  24,  3»»,  197 
mt  unit  u>n  pn^«tin\  3t> 
sptM'jlic  i*nthiilp5",  4 
HlHX'ific  volunu\  10,  HO 
surfaoi*1  coitdi»n.sation,  HIS 

Welding,  557 

Wet-bulb  temperature  (*T  7V  w  » 

irni(urf)»lh  735 
Wet;  return,  H,  443 


Wind,  winds 
forest,  205 
i]«*>  to  »t»ck 
druCt 
tinn  of,  v 


Wiadowr  windows 


205 


I«iltagt»»  207 

ioSiir  miiuition  thrmigh,  27" 

v«at»l^ltjw»  H44 
Winter 
air 
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CHAPTER  1 

TERMINOLOGY 

Glossary  of  Physical  and  Heating,  Ventilating,  Refrigerating 
and  Air  Conditioning  Terms  Used  in  the  Text 

Absolute  Zero;  The  zero  from  which  absolute  temperature  is  reckoned.  Ap- 
proximately -273.2  C  or  -459.8  F. 

Absorbent;  A  sorbent  which  changes  physically  or  chemically,  or  both,  during 
the  sorption  process* 

Absorption;  The  action  of  a  material  in  extracting  one  or  more  substances  present 
in  an  atmosphere  or  mixture  of  gases  or  liquids;  accompanied  by  physical  change 
chemical  change,  or  both,  of  the  sorbent. 

Acceleration;  The  time  rate  of  change  of  velocity,  i.e.,  the  derivative  of  velocity 
with  respect  to  time.  In  the  cgs  system  the  unit  of  acceleration  is  the  centimeter  per 

(second)  (second) ;  in  the  fps  system  the  unit  is  the  foot  per  (second)  (second),  a  »  -77  . 

Acceleration  Due  to  Gravity:  The  rate  of  gain  in  velocity  of  a  freely ^falling.body, 
the  value  of  which  varies  with  latitude  and  elevation.  The  international  gravity 

standard  has  the  value  of  930,605  cm  per  (sec)  (see)  or  82.174  ft  per  (sec)  (see)  which 
is  the  actual  value  of  this  acceleration  at  sea  level  and  about  45  dag  latitude. 

Adiabatic:  An  adjective  descriptive  of  a  process  such  that  no  heat  is  added  to,  or 
taken  from,  a  substance  or  system  undergoing  the  process. 

Adsorbent:  A  sorbent  which  does  not  change  physically  or  chemically  during  the 
sorption  process. 

Adsorption;  The  action,  associated  with  surface  adherence,  of  a  material  in  ex- 
tracting one  or  more  substances  present  in  an  atmosphere  or  mixture  of  gases  and 
liquid  »  unaccompanied  by  physical  or  chemical  change*  Commercial  adsorbent 
materials  have  enormous  internal  surfaces. 

Aerosol;  An  assemblage  of  small  particles,  solid  or  liquid,  suspended  in  air-  The 
diameters  of  the  particles  may  vary  from  100  microns  oWn  to  0.01  micron  or  lew, 
e.g.)  dust,  fog,  smoke. 

Air  Cleaner;  A  device  designed  for  the  purpose  of  removing  airborne  impurities 
such  as  dunts,  gases,  vapors,  fumes  and  smokes.    (Air  clea&ar*  include  air 
air  filters,  electrostatic  pr©cipitator$  and  charcoal  filters.) 

Air  Conditioning :  The  simultaneous  control  of  all,  or  at  least  the  fiat  three, 
factors  affecting  both  the  physical  and  chemical  conditions  of  the  atmosphere  within 
any  structure.  Those  factors  include  temperature,  humidity,  motion,  uiutributicmj 
dust,  bacteria,  odora  and  toxic  gases,  most  of  which  affect  in  greater  or  letter  degree 
hwuau  health  or  comfort,  (five  (Jontfort  Air  Conditioning*) 

Air,  Dry;  la  psychroznetry,  air  unmixed  with,  or  containing  no,  water  vapor. 

Airf  Saturated;  A  mixture  of  dry  air  and  saturated  watar  vapor,  all  At  the  BOOH* 
dry*bulb  temperature. 

Air,  Standards  Air  with  a  density  of  0,075  Ib  per  ou  ft  wad  AA  ftbeolutd  viieoiiiy 
of  IM  X  10"*  Ib  mass  per  (ft)  (we)*  This  is  substantially  equivalent  to  dry  wr  at 
70  F  md  29*92  in.  (iig)  barometer. 

Air  Washer :  Aa  enclosure  in  which  air  is  drawn  or  f  oread  through  A  if  my  0!  water 
in  order  to  cleanse,  humidify,  or  dehumidify  the  air* 

Aa«aotaeter ;  An  instrument  for  measuring  the  velocity  of  A  fluid* 

Asf ect  Ratio:  In  air  diatributiou  outtote,  the  ratio  of  the  length  of  the  <eo«i  of  a 
grille,  face  or  register  to  the  width* 

la  rectangular  ducts,  the  ratio  of  the  width  to  the  depth* 

Pressure:  The  pressure  due  to  the  weight  of  th*  It  it 

thu  pri*«uw%iiiiiiciited  by  a  baroiautor«    Standard  Atttwaplwric  M&tvwdufd 

AtHHMpiitifv  m  tiJic  t>f  76  an  of  mercury  having  A  uuutfity  of  l3*6H0i  |iur 

cu  cm,  utuJtr  Htaudard  gravity  of  MM^  cm  pur          (»co;*    It  i»  4jiimv*leiAt  to 
14 Jllt#  ib  pii  or  2H,il2i  in,  of  imnmj  tet  32  k\ 

A  iiirfftWi  mutt!  for  tluidn,  uyuaity  in  tht  form  of  4          0r  wall* 

1 
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Blast  Heater  :  A  set  of  heat  transfer  coils  or  sections  used  to  heat  air  which  is  drawn 
or  forced  through  it  by  a  fan. 

Blow  (throw)  :  In  air  distribution,  the  distance  an  air  stream  travels  from  an  outlet 
to  a  position  at  which  air  motion  along  the  axis  reduces  to  a  volooity  of  50  fpiu. 

For  unit  heaters,  the  distance  an  air  stream  travels  from  a  heater  without  a  per- 
ceptible rise  due  to  temperature  difference  and  loss  of  velocity, 

Boiler  Heating  Surface:  That;  portion  of  the  surface  of  tho  hfcat-tranafar  apparatus 
in  contact  with  the  fluid  being  heated  on  one  side  and  tho  gas  or  refractory  lu»ing 
cooled  on  the  other,  in  which  the  fluid  being  heated  /onus  part  uf  the  circulating 
system;  this  surface  shall  bo  measured  on  the  side  receiving  heat*  This  include  th« 
boiler,  water  walls,  water  screens,  and  water  floor.  (AtS.Af.I$,  Power  Test  Codes, 
Series  1929.) 

Direct  Heating  Surface  is  generally  understood  to  be  the  boiler  heating  sur/rw, 
subject  to  direct  radiation  from  the  surface  of  tho  grate,  or  from  the  mirfaivs  of 
oil  or  gas  burners  , 

Indirect  Heating  Surface  is  tho  boiler  heating  surface  within  the  flui'K, 

Boiler  Horsepower:  The  equivalent  evaporation  of  34,5  Ib  of  wati»r  per  hour  from 
and  at  212  1<\  This  is  equal  to  a  heat  output  of  970,3  X  84,5  «  33,473  Btu  fwr  hr. 

British  Thermal  Unit:  Classically,  tho  Btu  is  defined  as  ilw  quantity  of  heat 
required  to  raise  the?  temperature  of  1  1!)  of  water  1  Fahr<»nh<iit  dftfrw.*  By  thLi 
definition  the  exact  value  depends  upon  the  initial  temperature  of  the  wutor.  Several 
values  of  tho  Btu  aro  in  more  or  loss  common  use,  each  differing  from  thi1  othont  by  a 
slight  amount*  One  of  the  more  common  of  thwo  ig  tho  mean  tttu  which  in  deHmui 
as  1/180  of  tho  heat  required  to  raiao  tho  temperature  of  1  II)  of  wjit»*r  from  3-  F  to 
212  F  at  H  constant  atmospheric  pressure  of  14.61)6  Ib  per  «q  in.  aiwiiutt*. 

For  most  accurate  work  tho  International  TMv.  (JM\)  Btu  In  tiwially  uwJ,  Thin 
is  defined  by  tho  relation:  1  (Ll\)  Btu  per  (pound)  (Kahrenhrit  fl^gra*)  «  I  (LT.) 
calorie  per  (gram)  (Centigrade  degree).  Tim  value*  eom&pomlH  to  the  amount  of 
heat  required  to  raise  the  temperature  of  I  Ib  of  water  1  Pithratlmt  tliigivt?  at  5K  F  mul 
also  at  149  f  -  The  mean  Btu  corresponds  to  1.0008  (LT.)  Btu. 

By-Pass:  A  pipe  or  duet,  usually  controlled  by  valve  or  damper,  f»r  crntv«\vinK  a 
Quid  around  an  element  of  a  system. 

Calorie  (Grain  Calorie)  ;  Classically  the  caloric  la  dufinwl  iw  tlu*  quantity  of 
required  to  raise  the  temperature  of  1  gram  of  water  1  Contiftnultt  m%ttwt'  lly 
definition  the  exaot  value)  doptwdn  upon  the  initial  temperature  of  Uw  wat«*r, 
values  of  the  calorie  are  in  more  or  leas  common  uao,  each  difT^rin^  from  th<«  othrr^  l*y 
a  slight  amount  .  Among  tliojo  ar«  the  15  0  cahne  and  tint  I7|  f  *  cftfarit,  Thu  nwiin 
caloric,  i*e,,  1/100  the  c|uimtity  of  heat  recmirec!  to  raiBn  tlw*  t«*ini»f»ratur^  «f  I  gram  «f 
water  from  0  C  to  100  C,  i«  also  extcnaivofy  need, 

For  tho  most  accurato  work  the  Internationttl  TaM<*  f  T/P.)  e*al*>rir*f  tlf  flnt"tj  in  !«««» 
of  tho  intornational  eloctrical  unitB,  i$  tisually  UHfjii:  I  (T.T.)  «alnri«  rt  I/Ktlil  tut^r  . 


.. 

national  watt-hour  »  3,600/860  international  watt^iiconriti  or 
The  kilocalorifl  «  l,000«al. 

Central  Faa  Systems  A  tnochatiical  indirect  nyHtom  of  limllit^,  v^nfjliitliiic,  i»r  idr 
oonditioninff^  in  which  tho  air  Is  treiatod  or  handte<l  by  W|uipiii«fil  Itifnt^i  tiutiitli*  this 

rooms  served,  usually  at  a  central  loeatioa,  arid  Is  conveyed  to  and  from  tlw  r««iits  hy 

means  of  a  fan  and  a  system  of  distributing  ducts.    (Si?«  (  Jliaptfr  *JfJ,| 

Chimney  Effect:  The  tendency  of  air  or  g««  in  ft  dmi  or  citlmr  vertical  tn 

riie  when  heatcd^duo  to  its  Iciwor  density  compared  with  ttmi  of  Ut«  uir 

or  gw»    In  buildings,  the  tondeney  toward  dtaplao&xumt  by  Ilie  In 

temperature)  of  internal  heated  air  by  nn!ieat«d  otiteWi  air  due  to  tti«  In 

density  of  outside  and  inside  air, 

Comfort  Alr-Condittonijog  ;  The  by  wliloh  tin* 

moisture  content,  movement  aiid  quality  of  the  air  in  fwr 

human  oceupattcy  may  be  maiiitftlaed  within  required!  limits.  Air  (Imtti* 

timing,) 

Comfort  Urn:  Th«  effective  temperature  At  vhieh  the  of 

feota  comfortable. 


Comfort  Zone  (iwra^d)  :  The  range  of  the  »»* 

jorlty  (50  per  cent  or  more)  of  *duite  ftel  §,} 

Condenstte:  The  liquid  formed  by  of  »  vapor*    In 

water  condensed  from  steam  :  In  air  oondillattlng,  a$rf  »  by  von  . 

donsatlon  OE  tho  cooling  eol!  of  a  refrigeration  machine. 
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Condensation :  The  process  of  changing  a  vapor  into  liquid  by  the  extraction  of 
heat.  Condensation  of  steam  or  water  vapor  is  effected  in  either  steam  condensers 
or  in  dchumidifying  coils  and  the  resulting  water  is  called  condensate. 

Conductance,  Surface  ( Unit) :  The  amount  of  heat  transferred  by  radiation,  con- 
duction, amUonveetion  from  unit  area  of  a  surface  to  the  air  or  other  fluid  in  contact 
with  it,  or  vice  versa,  in  unit  time  for  a  unit  difference  in  temperature  between  the 
surface  and  the  fluid.  The  common  unit  is :  Btu  per  (hour)  (square  foot)  (Fahrenheit 
degree).  Symbol  /.  The  temperature  of  the  fluid  should  be  taken  in  a  plane  sufli- 
ciently  far  from  the  surface  that  it  will  not  be  affected  by  the  temperature  of  the 
surface. 

Conductance,  Thermal:  The  time  rate  of  heat  now  through  unit  area  of  a  body,  of 
given  size  and  shape,  per  unit  temperature  difference.  Common  unit  is:  Btu  per 
(hour)  (square  foot)  (Fahrenheit  degree).  Symbol  C. 

Conduction,  Thermal :  The  process  of  heat  transfer  through  a  material  medium  in 
which  kinetic  energy  is  transmitted  by  the  particles  of  the  material  from  particle  to 
particle  without  gross  displacement  of  the  particles. 

Conductivity,  Thermal:  The  time  rate  of  heat  flow  through  unit  area  of  a  homo- 
geneous substance  under  the  influence  of  a  unit  temperature  gradient.  Common 
units  are:  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  per  inch).  Symbol  fc. 

Conductor*  Thermal:  A  material  which  readily  transmits  heat  by  means  of 
conduction. 

Convection:  The  motion  resulting  in  a  fluid  from  the  differences  in  density  and  the 
action  of  gravity.  In  heat  transmission  this  meaning  has  been  extended  to  include 
both  forced  and  natural  motion  or  circulation . 

Convective  Heat  Transfer;  The  transmission  of  heat  by  either  natural  or  forced 
motion  of  a  fluid  (liquid  or  gas) . 

Convector:  An  agency  of  convection.  In  heat  transfer,  a  surface  designed  to 
transfer  its  heat  to  a  surrounding  fluid  largely  or  wholly  by  convection.  The  heated 
fluid  may  be  removed  mechanically  or  by  gravity  (Gravity  Convector),  Such  a 
surface  may  or  may  not  be  enclosed  or  concealed.  When  concealed  and  enclosed  the 
resulting  device  is  sometimes  referred  to  as  a  concealed  radiator.  (See  also  definition 
of  Radiator*)  (See  alao  Chapter  22.) 

Decibel :  A  unit  used  to  express  the  relation  between  two  amounts  of  power*  By 
definition  the  difference  in  decibels  between  two  powers  PI  and  Ptt  P$  being  the 
larger,  is:  db  difference  —  10  logipPf/jPi, 

In  acoustics  the  threshold  of  hearing  at  1,000  cycles  per  see  hag  been  standardized 

at  It)™"18  watts  per  sq  cm.  If  Pt  is  the  power  in  watts  per  squaro  contimetor  of  a 
measured  sound,  then  10  logw  Pi/lCT"  is  the  db  difference  above  the  threshold  and 
is  known  as  the  intensity  level.  This  is  a  definite  recognized  way  of  describing  the 

intensity  of  a  sound, 

Declination  of  Sun :  The  angle  above  or  below  equatorial  piano ,  It  is  plus  if  north 
of  the  piano,  and  minus  if  below.  Celcstral  objects  are  located  by  declination. 

Degree-Day;  A  unit,  based  upon  temperature  difference  and  time,  nmd  in  tmtimat* 
ing  fuel  consumption  and  epccifying  nominal  heating  load  of  a  building  in  winter. 
For  any  one  day,  when  the  mean  temperature  is  l«ga  than  65  F(  thwe  exists  an  many 
dcgroe*day#  as  there  are  Fahrenheit  degrees  difference  in  temperature  between  the 
mean  temperature  for  the  clay  and  015  P.  ' 

f  Dehumidlfy:  To  reduce  by  any  process,  the  quantity  of  water  vapor  within  * 
given  space. 

Dehydrate :  To  remove  water  in  all  forms  from  matter,  Liquid  water,  hyKrotoonfa 
water,  ana  water  of  crystallisation  or  water  of  hydration  art  included. 

Density:  The  ratio  of  the  mass  of  a  apeeimen  of  a  substance  to  the  volume  of  the 
•Qeeinum.    JPhe  maun  of  a  unit  volume  of  a  aubatance.    When  weight  inn  bo 
without  eoruuaitm,  a*  synonymous  with  maw,  density  It  tho  weight  par  unit  volume 

Dew-Point:  Bm  Temperature,  Dew* Paint, 

Dlrect*Xndiroct  Hentlng  Unit:  A  heating  unit  located  in  the  room  or  to  be 

heated  and  partially  imclofled,  the  eaoloned  portion  being  to  boat  *ir  which 

outturn  from  outetdft  tho  room , 

Div»ct«R*turn  (I fat  Water)  s  A  hot  water  In  whieh  the  water,  it 

lias  ptiiaei!filirougli  a  heating  unit  ii  returned  to  tho  boiler  a  »  thai 

the  total  traveled  by  tho  water  in  the  f<m*ibie»  And  m  an> 

eoittulerabiu  in  the  of  the  eireuitu  the 

Dpwn'Fsed  (Steam) ;  A  pipe  to  l!«§ 

heatiiftg  unit*  nut!  into  which  tho  eomienamte  from  the  unit«  dnt!n»» 
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Down -Feed  System  (Steam) ;  A  steam  heating  system  in  which  the  supply  mains 
are  above  the  level  of  the  heating  units  which  they  serve. 

Draft:  A  current  of  air.  Usually  refers  to  the  pressure  difference  which  causes  a 
current  of  air  or  gases  to  (low  through  a  flue,  chimney,  heater  or  space. 

Draft  Head  (Side  Outlet  Enclosure) :  The  height  of  a  gravity  convcd  or  between  the 
bottom  of  the  heating  unit  and  the  bottom  of  the  air  oullot  opening.  (Top  Outlet 
Enclosure):  The  height  of  a  gravity  convoctor  between  the  bottom  of  the  heating 
unit  and  the  top  of  the  enclosure. 

Drip:  A  pipe,  or  a  steam  trap  and  a  pipe  considered  as  a  unit,  which  conducts  con- 
densation from  the  steam  side  of  a  piping  system  to  the  water  or  return  aide  of  the 
system. 

Dry ;  To  separate  or  remove  a  liquid  or  vapor  from  another  substance.  The  liquid 
maybe  water,  but  the  term  is  also  used  for  the  removal  of  liquid  or  vapor  forms  of 
oth'er  substances. 

Dust;  An  air  suspension  (aerosol)  of  solid  particles  of  any  material,  (See  also 
Chapter  8.) 

Electric  Heating  Element:  A  unit  assembly  consisting  of  a  resistor,  insulated  sup- 
ports, and  terminals  for  connecting  the  resistor  to  electric  power. 

Enthalpy:  ,A  term  used  in  Jiou  of  total  heat  or  hcdt  content.  Expressible  in  Utu  per 
pound.  Mathematically  defined  as  h  **  u  4-  ptf/J.  When  a  changes  occurtt  at  con- 
stant pressure,  as  whon  water  is  boiled,  the  change  in  enthalpy  is  equal  to  tho  hoat 
added ,  in  this  case  latent  heat. 

M$  Enthalpy,  Free:  A  thcrmodyuamic  property  which  serves  as  a  mcsasurt*  of  the 
available  energy  of  a  system  with  respect  to  surrounding  at  the  saino  tainjwnttw^ 
and  same  pressure  as  tfvat  of  the  system.  No  process  involving  an  imuu'Uto  in  avail* 
able  energy  can  occur  spon  tanooualy , 

Enthalpy*  Specific;  A  term  sometimes  applied  to  enthalpy  per  unit  weight,  the 
English  unit  being  Btu  per  pound. 

Entropy;  The  ratio  of  the  heat  added  to  a  substance  to  the  absolute  temperature 
at  which  it  Is  added.  Mathematically,  for  a  reversible  process,  dS  m  SO/T  or 
S-fdQ/T. 

These  formulas  are  applicable  when  temperature  is  not  constant.  During  n  re- 
versible adiabatio  change,  entropy  ia  constant.  During  a  reversible  isothuntm! 
change,  the  heat  absorbed  by  the  substance  is  equal  to  the  product  of  the  alisoiute 
temperature  of  the  Hubstaneo  nwl  its  change  of  entropy* 

Batropy,  Specific:  A  term  sometimes  applied  to  entropy  per  unit  weight,  the 
English  unit  being  Btti  per  (Fahrenheit  degree,  absolute)  (pound). 

Equivalent  Evaporation :  The  amount  of  water  a  boiler  wmthi  civaparnte*  in 
per  hour,  if  it  received  food  water  at  212  F  and  vaporbcd  It  at  the 
and  corresponding  atmospheric  pressure. 

Fa»  ftinwce  System:  Soe  Warm  Air  Heating  Hyttem. 

FOE;  Suspended  liquid  droplets  generated  by  condensation  from  the  to  the 

liquid  state,  or  by  breaking  tip  a  liquid  into  a  dispersed  state,         iis  "by 
foaming*  and  atoxoizixtg.    (See  also  Chapter  8.) 

Force:  The  action  on  a  body  whieh  tends  to  change  Its  relative  4<m<Uti«m  «j  to 

rest  or  mot  ion. 

Fumes;  Smoke;  aromatic  itnokej  odor  emitted,  as  of  flowers;  ft  or 

exhalation,  usually  odorous,  m  that  from  concern  tratod  nitric  acld»    Tii« 

in  so  broad  aad  inciuaivo  that  its  usefulness  110  a  tochuic&l  t«n»  ii  liniiteiL  Hi 
principal  definitive  characteristic  Is  that  it  implies  an  odor*  The  vapor,  iittotot 
fog,  etc.,  whioh  can  bo  more  strictly  defined,  should  ba 

Also  defined  as  solid  particles  gwwattd  by  condensation  from  tto 
generally,  after  volatilisation  from  molton  metali*  etc.y  and  by  a 

chemical  reaction  such  m  oxidation.    Fumes  flocculate  aod 
(See  also  Chapter  8.) 

FtirMce:  That  part  of  a  boiler  or  warn  air  in  which 

takes  place*   Also  a  complete  heating  unit  for 

burned  to  the  air  supplied  to  a  heating 

Furnnc«  Volume  (Total):  The  total  furnace  volumo  for  tubular 

boilere  mid  water-tube  boilers  Is  the  cubical  of  the  th<i 

and^the  first  plane  of  entry  Into  or  betwtm  It  Hit 

behind  the  bridge  wall  as  in  ordinary  tiotibotitii!  -return  tubular 
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manifestly  ineffective  (i.e.,  no  gas  flow  taking  place  through  it),  as  in  the  case  of 
waste-heat  boilers  with  auxiliary  coal  furnaces,  where  one  part  of  the  furnace  is  out 
of  action  when  the  other  is  being  used.  For  Scotch  or  other  internally-fired  boilers, 
it  is  the  cubical  contents  of  the  furnace,  flues  and  combustion  chamber,  up  to  the 
plane  of  first  entry  into  the  tubes.  (A.S.M.E,  Power  Test  Codes,  Series  1929.) 

Grate  Area:  The  area  of  the  grate  surface,  measured  in  square  feet,  to  be  used  in 
estimating  the  rate  of  burning  fuel.  This  area  is  construed  to  mean  the  area  meas- 
ured in  the  plane  of  the  top  surface  of  the  grate,  except  that  with  special  furnaces, 
such  as  those  having  magazine  feed,  or  special  shapes,  the  grate  area  shall  be  the 
mean  area  of  the  active  part  of  the  fuel  bed  taken  perpendicular  to  the  path  of  the 
gases  through  it.  For  furnaces  having  a  secondary  grate,  such  as  those  in  double- 
grate  down-draft  boilers,  the  effective  area  shall  be  taken  as  the  area  of  the  upper 
grate  plus  one-eighth  of  the  area  of  the  lower  grate,  both  areas  being  estimated  as 
previously  defined. 

Gravity,  Specific:  The  ratio  of  the  mass  of  a  unit  volume  of  a  substance  to  the 
mass  of  the  same  volume  of  a  standard  substance  at  a  standard  temperature.  Water 
at  39,2  F  is  the  standard  substance  usually  referred  to*  For  gases,  dry  air  at  the 
same  temperature  and  pressure  as  the  gas,  is  often  taken  as  the  standard  substance 

Gravity  Warm  Air  Heating  System:  See  Warm  Air  Heating  System. 

Head,  Dynamic:  Same  as  Total  Pressure  expressed  in  height  of  liquid. 

Heat :  The  form  of  energy  that  is  transferred  by  virtue  of  a  temperature  difference* 
At  constant  pressure  heat  added  is  equal  to  enthalpy  change* 

Heat,  Humid :  Ratio  of  increase  of  enthalpy  per  pound  of  dry  air  to  rise  of  tem- 
perature under  conditions  of  constant  pressure  and  constant  humidity  ratio. 

Heat,  Latent:  A  term  used  to  express  the  energy  involved  in  a  change  of  state. 

Heat,  Sensible:  A  term  used  in  heating  and  cooling  to  indicate  any  portion  of  heat 
which  changes  only  the  temperature  of  the  substances  involved, 

Heat  of  the  Liquid:  The  increase  in  enthalpy  per  unit  weight  of  a  saturated  liquid 
as  its  temperature  increases  from  a  chosen  base  temperature*  For  water,  the  base 
temperature  is  usually  taken  as  32  F. 

Heat,  Specific:  The  heat  absorbed  (or  given  up)  by  a  unit  mass  of  a  substance 
when  its  temperature  is  increased  (or  decreased)  by  1  dcg.  Common  Units:  Btu  per 
(pound)  (Fahrenheit  degree),  calories  per  (gram)  (Centigrade  degree).  For  gases, 
both  specific  heat  at  constant  pressure  (Cp)  and  specific  heat  at  conntant  volume  (CV) 
are  frequently  used.  In  air-conditioning,  Op  IB  usually  used. 

Heat*  Total:  See  Enthalpy, 

Heat  Transmission,  Coefficient:  Any  one  of  a  number  of  coofficicsiits  used  i&  the 
calculation  of  heat  transmission  by  conduction*  convection,  and  radiation,  through 
various  materials  and  structures,  ^  (See  thermal  conductance,  thermal  conductivity* 
thermal  reals tanco,  thermal  resiativity,  thermal  transmittattce»  etc,)* 

Heater,a  Electric ;  Av  complete  assembly  of  heating  el  meats  with  their  enclosure 
ready  for  installation  in  service, 

^  Hot  Water  Heating  System;  A  heating  system  in  which  water  is  used  M  the  me- 
dium by  which  heat  is  carried  from  the  boiler  to  the  heating  units. 

Humidify:  To  increase,  by  any  process,  the  density  of  water  vapor  within  a  given 
space. 

Httmidistat:  A  regulatory  device,  actuated  by  changes  in  humidity!  uned  for  the 
automatic  control  of  relative  humidity* 

Humidity  i  Water  vapor  within  ft  given  apaoo* 

Humidity,  Absolute;  The  weight  of  water  vapor  per  unit  volume,  pounds  per 
ibie  foot  or  gram*  per  cubic  centimeter. 

Humidity,  Relative :  The  ratio  of  the  actual  partial  prenaure  of  the  water  vapor 
in  a  Bpaae^o  the^aturation  pressure  of  pure  water  at  the  aame  temperature*  (oca 
diftcuf$tu0n*iri  Chapters.) 

Humidity  Ratio:  In  a  mixturo  of  water  vapor  and  air,  the  weight  of  water  vapor 
per  pound  of  dry  air.    Altwi  cutUod  KpMific  Humidity. 
Humidity  Specific:  Hoo  llwnUitu  Uniio. 

Haino  us  Mutnirtwttit, 

Ineh  of , Water:  A  unit  of  premire  wjua!  to  tho  premium  by  a  column  (if 

liquid  water  li'ui.  iiiglt  tit  a  fttawiard  tmnporaturt**    The  I§ 

taken  m  Q  C  a»d  «  02  F*    Dm  inch  of          at  62  V  «  4I§7  tb 

per  »q  ft. 
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Insulation  (Thermal) :  A  material  having  a  relatively  high  resistance  to  heat  flow, 
and  used  principally  to  retard  the  flow  of  heat. 

Isobaric:  An  adjective  used  to  indicate  a  change  taking  place  at  constant  pressure, 

Isothermal:  An  adjective  used  to  indicate  a  change  taking  place  at  constant 
temperature. 

Load,  Estimated  Design:  In  a  heating  or  cooling  systein,  the  sum  of  the  useful 
heat  transfer,  plus  heat  transfer  from  or  to  the  connected  piping,  plus  heat  transfer 
occurring  in  any  auxiliary  apparatus  connected  to  the  system.  The  units  are  Btu  per 
hour  or,  in  heating,  equivalent  direct  radiation  (EDR). 

Load,  Estimated  Maximum:  In  a  heating  or  cooling  system,  the  calculated  maxi- 
mum heat  transfer  that  the  system  will  be  called  upon  to  provide. 

Manometer:  An  instrument  for  measurix^g  pressures;  essentially  a  U-tube  partially 
filled  with  a  liquid,  usually  water,  mercury*,  or  a  light  oil,  so  constructed  that  the 
amount  of  displacement  of  the  liquid  indicates  the  pressure  being  exerted  on  the 
instrument. 

Mass :  A  measure  of  the  inertia  of  a  body.  It  also  measures  the  quantity  of  matter 
in  a  body.  Since  the  only  general  property  of  a  gpven  portion  of  matter  that  cannot 
be  changed  is  its  inertia,  it  is  this  property  by  which  quantities  of  matter  are  defined. 
Two  bodies  which  have  equal  inertias  are  said  to  have  equal  masses,  or  to  contain 
equal  quantities  of  matter.  (This  definition  fails  at  velocities  approaching  the  votoc™ 
ity  of  light,)  The  mass  of  a  body  ia  numerically  equal  to  the  ratio  of  the  force  re- 
quired to  give  the  body  a  given  acceleration,  to  the  acceleration,  m  *•  Fja.  The 
common  units  of  mass  are  the  gram  and  the  pound. 

Mechanical  Equivalent  of  Heat;  The  quantity  of  mechanical  cn^r^y  aqua!  to  mm 
unit  of  heat,  J  «  778.3  ft-lb  per  Btu  •»  4.187  X  107  ergi  per  gram -caloric. 

Medium,  Heating:  A  substance  such  as  water,  steam,  air  or  furnace  gas  n«fcd  to 
convey  heat  from  the  boiler,  furnace  or  other  source  of  heat  or  energy  to  the  heating 
unit  from  which  the  heat  is  dissipated. 

Micron:  A  unit  of  length,  the  thousandth  part  of  1  mm  or  the  millionth  of  a  meter* 

Millimeter  of  Mercury:  ^A  unit  of  pressure  equal  to  the  pressure  by  s 

column  of  mercury  1  mm  high  at  a  temperature  of  0  C.    One  millimeter  of  mercury 
atOC-  1.934  X*10-»psi. 

Moh  A  weight  of  a  substance  numerically  equal  to  its  molecular  weight*  If  th« 
weight  is  In  pounds  the  unit  is  a  Pound  Mot.  in  gram**  the  unit  it  a  Of  am  Mi$L  Fcir 
perfect  gases  tho  volume  of  1  mol  is  constant  for  all  at  the  temperature  fiw*l 
pressure.  Far  real  gases  this  w  approximately  truu  at  moderate  pressures.  At  *I2  F 
and  zero-pressure  tho  value  of  tho  product,  pressure  ttmos  specific  voiumo,  is  $50.015 
±  0,006  atmosphere  cubic  foot  (atm  ft*){for  1  mol  of  any  0ww.  Pi>r  dry  air  at  32  f  tutd 
standard  atmospheric  pressure,  the  specific  volume  i«  35H.B3  <w  ft  per  mol  (f ts  j«*r  mol ) , 

One-Pipe  Supply  Riser—  (Steam) :  A  pipe  which  carries  vertically  to  a  h«at- 

ing  unit,  and  which  also  oarrioa  tho  oondensate  f  rota  the  heating  unit,    lit  an  up  fwtl 
system,  steam  and  condonsato  flow  in  opposite  directions;  tn  an  or  tl0wn*ft?ttdl 

system,  they  flow  in  the  same  direction* 

One-Pipe  System— (Steam)  s  A  heating  system  ia  which  A  main 

tho  dual  purpose  of  supplying  st0a.ua  to  the  heating  unit  and  convoy  in  ft 
from  it.    Ordinarily  to  each  heating  unit  there  is  but  one  connection  which 
as  both  the  supply  and  tho  return,  although  separate  supply  and  return 
may  b©  used.    (Hot  WaterJ—A  hot  water  syatom  ia  which  tho  eootod  tho 

heating  uaits  is  returned  to  the  supply  main.    Consequently,  the  fftr* 

thest  from  the  boiler  are  supplied  wifca  cooler  water  tli«  In  the 

same  circuit, 

Overhead  System:  Any  steam  or  hot  waiter  In  wfalth  ike  ia 

above  the  heating  unit,    la  a  system  the  return          bn 

units;  i»  a  water  $ystem  the  return  may  be  above  or  b§I0w  the 

Panel  Heatlnfs  A  heating  system  la  which         is  by 

and  convection  from  paael  surfiiees  to  both  ajr  and  surrounding 

Panel  Radiator:  A  heating  unit  plwed  on  or  flash  with  *  flat  and  in» 

tended  to  function  essentially  m  a  radiator « 

Plftnum  Chamber:  An  air  compartment  maintained 
to  one  or  mora  distributing  duel** 

*  Potentiometer:  Am  instrument  lor  eompaiing  tf  fur  * 

aitasuriag  small  ^electromotive  forces  by  a 

fore©*    Its  principal  advantafe  is  that  dwlag  the  a0 

through  the  source  of  electromotive  force. 
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Power:  The  rate  of  performing  work.  Common  units  are  horsepower,  Btu  per 
hour,  and  watts. 

Pressure:  Force  per  unit  area.  Common  units  are  pounds  per  squarejnch,  gram 
per  square  centimeter,  inch  of  water,  millimeter  of  mercury. 

Pressure,  Absolute :  The  sum  of  the  gage  pressure  and  the  barometric  pressure, 

Pressure9  Dynamics  Same  as  Total  Pressure. 

Pressure*  Gage:  Pressure  measured  from  atmospheric  pressure  as  a  base.  Gage 
pressure  may  be  indicated  by  a  manometer  which  has  one  leg  connected  to  the  pres- 
sure source  and  the  other  exposed  to  atmospheric  pressure. 

Pressure,  Saturation :  The  saturation  pressure  for  a  pure  substance  for  any  given 
temperature  is  that  pressure  at  which  vapor  and  liquid,  or  vapor  and  solid,  can  co-exist 
in  stable  equilibrium* 

Pressures  Static :  The  normal  force  per  unit  area  that  would  be  exerted  by  a  moving 
fluid  on  a  small  body  immersed  in  it  if  the  body  were  carried  along  with  the  fluid. 
Practically,  it  is  the  normal  force  per  unit  area  at  a  small  hole  in  a  wall  of  the  duet 
through  which  the  fluid  flows  (piezometer)  or  on  the  surface  of  a  stationary  tube  at  a 
point  where  the  disturbances,  created  by  inserting  the  tube,  cancel.  It  is  supposed 
that  the  thermo-dynamic  properties  of  a  moving  fluid  depend  on  static  pressure  in 
exactly  the  same  manner  as  those  of  the  same  fluid  at  rest  depend  upon  its  uniform 
hydrostatic  pressure. 

Pressure,  Total:  In  the  theory  of  the  flow  of  fluids;  the  sum  of  the  static  pressure 
and  the  velocity  pressure  at  the  point  of  measurement. 

Pressure,  Vapor:  The  pressure  exerted  by  a  vapor.  If  a  vapor  is  kept  in  confine- 
ment over  its  liquid  so  that  the  vapor  can  accumulate  above  the  liquid,  the  tempera- 
ture being  held  constant,  the  vapor  pressure  approaches  a  fixed  limit  called  the  maxi- 
mum, or  saturated,  vapor  pressure,  dependent  only  on  the  temperature  and  the  liquid. 
The  term  vapor  pressure  is  sometimes  used  as  synonymous  with  saturated  vapor 
pressure. 

Pressure,  Velocity :  In  a  moving  fluid  >  the  pressure  capable  of  causing  an  equivalent 
velocity,  if  applied  to  move  the  same  fluid  through  an  orifice  such  that  all  pressure 
energy  expended  is  converted  into  kinetic  energy, 

Psyclirometer:  An  instrument  for  ascertaining  the  humidity  or  hygrometric  state 
of  the  atmosphere, 

Psychrometric:  Pertaining  to  psychrometry  or  the  state  of  the  atmosphere  with 
reference  to  moisture. 

Psychrometry :  The  branch  of  physics  relating  to  the  measurement  or  determination 
Of  atmospheric  conditions,  particularly  regarding  the  moisture  mixod  with  the  air, 

Pyrometer:  An  instrument  for  measuring  high  temperatures. 

Radiant  Heating;  A  heating  system  in  which  only  the  hoat  radiated  from  paneln  In 
effective  in  providing  the  heating  requirements*  The  term  Radiant  Hmling  i«  fre- 
quently uacd  to  include  both  Panel  and  Radiant  Heaiinff* 

Radiation:  The  transmission  of  energy  by  means  of  electromagnetic  waves. 

Radiation,  Thermal  (Heat)  Radiation.:  The  transmission  of  energy  by  nimm  of 
electromagnetic  waves  of  very  long  wave  length.  Radiant  energy  of  any  wave  length 
may,  when  absorbed,  become  thermal  energy  and  result  in  an  increase  in  the  tempera- 
ture of  the  absorbing  body. 

Radiation,  Eqttivalent  Direct  (EDR) :  A  unit  of  heat  delivery  of  240  Btu  (fSlwm) 
or  150  Btu  (Water)  per  hr.  It  does  not  imply  144  sq  in-  of  surface* 

R&dlator  J  A  heating  unit  exposed  to  viaw  within  the  room  0r  to  be 

A  radiator  transfers  heat  by  radiation  to  objects  within  visible  range*  wad  by  conduc- 
tion to  the  surrounding  air  which  in  turn  is  circulated  by  natural  oonveetton;  a  00- 
called  radiator  is  also  a  conveetor,  but  the  term  radiator  has  been  asfcabliihed  by  long 
usage, 

Radiator,  Concealed:  A  heating  device  located  within,  adjacent  to,  or  to 

the  room  being  heated,  but  80  covered  or  enclosed  or  eon  coaled  that  tho  heat  transfer 
surface  of  the  device,  which  may  be  cither  a  radiator  or  &  eonveetor,  is  not  visible  fmm 
the  room*  Such  a  device  transfers  ita  heat  to  the  roam  largely  by  eonveetion  Air 
currents* 

Bfttflatoiv  Direct :  m  Radiator* 

Radiator,  Recessed;  A  heating  unit  set  back  into  a  wall  but 

Stadtetoit  Tube  or  Tabular:  A  heating  unit         as  a  radiator  la  tfat 

transfer  surf       are  principally  tubes. 
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Refrigerant:  A  substance  which  produces  a  refrigerating  effect  by  its  absorption 
of  heat  while  expanding  or  vaporizing. 

1     Refrigeration,  Ton  of:  The  removal  of  heat  at  a  rate  of  200  Btu  per  min,  12,000 
Btu  per  hr,  or  288,000  Btu  per  24  hr. 

Resistance,  Thermal:  The  reciprocal  of  thermal  conductance.    Symbol  R. 

Resistor,  Electric :  A  material  used  to  produce  heat  by  passing  an  electric  current 
through  it. 

Resistivity,  Thermal:  The  reciprocal  of  thermal  conductivity.    Symbol  r. 

Return,  Dry:  A  return  pipe  in  a  steam  heating  system  which  carries  both  water  of 
condensation  and  air.  The  dry  return  is  above  the  level  of  the  water  line  in  the  boiler 
in  a  gravity  system.  (See  JRefawn,  Wet.) 

Return,  Wet:  That  part  of  a  return  main  of  a  steam  heating  system  which  is  filled 
with  water  of  condensation.  The  wet  return  usually  is  below  the  level  of  the  water 
line  in  the  boiler,  although  not  necossarily  so,  (See  Return,  Dry,) 

Return  Mains :  Pipes  or  conduits  which  return  the  heating  or  cooling  medium  from 
the  heat  transfer  unit  to  the  source  of  heat  or  refrigeration. 

Reversed-Retura  System:  A  system  in  which  the  heating  or  cooling  medium  from 
several  heat  transfer  units  is  returned  along  paths  arranged  so  that  ail  circuits  com- 
posing the  system  or  composing  a  major  sub-division  of  it  are  of  practically  equal 
length. 

Safoin :  A  unit  of  equivalent  sound  absorption  equal  to  the  equivalent  absorption 
of  one  square  foot  of  a  surface  of  unit  absorptivity  (i*e*>  of  one  square  foot  of  surface 
which  absorbs  all  incident  sound  energy) . 

Saturation :  The  condition  for  eo-exiatence  in  stable  equilibrium  of  A  vapor  and 
liquid  or  a  vapor  and  solid  phase  of  the  same  substance.  Example:  Strain  over  the 
water  from  which  it  is  being  generated, 

Saturation,  Degree  of:  The  ratio  of  the  weight  of  water  vapor  associated  with  a 
pound  of  dry  air  to  the  weight  of  water  vapor  associated  with  a  pound  of  dry  air 
saturated  at  the  same  temperature. 

Smoke:  An  air  suspension  (aerosol)  of  particles,  usually^but  not  nccoBfltarily  solid* 
often  originating  in  a  solid  nucleus,  formed  from  combustion  or  sublimation.  Also 
defined  as  carbon  or  soot  particles  less  than  0*1  micron  in  awe  which  result  from  tho 
incomplete  combustion  of  carbonaceous  materials  such  as  coal,  oi!>  tar,  and  tobacco. 

Smokeless  Arch:  An  inverted  baffle  placed  in  an  up-draft  furnace  toward  tho  war 
to  aid  in  mixing  the  gases  of  combustion,  and  thereby  to  reduce  thft  smoke  produced. 

Solar  Constant:  The  aolar^ intensity  incident  on  a  normal  surface JocatM  otitaidc* 
the  earth's  atmosphere  at  a  distance  from  tho  sun  aqua!  to  the  nutan  distance  twtwwn 
the  earth  and  the  sun.  Its  value  Is  415, 445,  or  430  Btu  per  (hr)  (wj  ft  I  a*  tlia  July, 
January,  or  moan  value,  respectively.  At  sea  level  in  Jul.v  the  nolar  iutffwtity  value 
is  about  300  Btu  per  (sq  ft)  (hr)  since  about  28  per  emit 'is  absorbed  in  tho\mrth*« 
atmosphere, 

Sorbent:  A  material  which  extracts  one  or  more  substances  prewtt  In  tin  ntmoa* 
phero  or  mixture  of  gaaes  or  liquids  with  which  it  ia  in  contact,  duo  to  an  affinity  for 
such  substances. 

Sorptlon:  Adsorption  or  absorption. 

Split  System;  A  system  in  which  the  tteatin^  is  acoompHnhftd  by  of 

or  conveetors  supplemented  by  mechanical  circulation  of  air  (hoatod  or  tukhoftted) 
from  a  central  point.    Ventilation  may  be  provided  by  the 

Square  Foot  of  Heating  Surface  (Equivalent)  t  This  term  Si  with 

Equivalent  Direct  Kadiatlon  (EDR). 

Stack  Height:  Th©  height  o!  a  gravity  oonveotor  between  the  bottom  of  th« 
heating  unit  and  the  top  of  the  outlet  opening* 

Steam :  Water  in  the  vapor  phase*  Dry  Saturated  Steam  Is  steam  at  tho  ftftturatlon 
temperature  corresponding  to  the  pressure,  and  containing  no  wator  in  mw$mn»mn, 
Wet Saturated  Steam  w  steam  at  the  saturation  temperature  corresponding  to  thn  pres- 
sure, and  containing  water  particles  in  suspension*  Superheated  ftteam  in  afc  a 
temperature  higher  than  the  saturation  temperature  corresponding  to  th*t 

Steam  Heating  System:  A  heating  system  in  which  heat  is  transferred  from  the 
boiler  or  other  source  of  heat  to  tho 'heating  units  by  means  of  at,  iitur,  ,,  *:r 

below  atmospheric  pressure, 

Steam  Trap;  A  device  for  allowing  the  passage  of  or  air  JW«t  eoa- 

densate,  .and  preventing  the  passage  of  steam. 

Supply  Mains;  The  pipes  through  which  the  heating  medium  fiowt  from  the  bolfar 
or  source  of  supply  to  the  run-outs  and  risers  leading  to  the  heating  unit:-*. 
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Surface,  Heating  :  The  exterior  surface  of  a  heating  unit.  Extended  heating  surface 
(or  extended  surface)  :  Heating  surface  consisting  of  fins,  pins  or  ribs  which  receive  heat 
by  conduction  from  the  prime  surface.  Prime  Surface:  Heating  surface  having  the 
heating  medium  on  one  side  and  air  (or  extended  surface)  on  the  other.  (See  also 
Boiler  Heating  Surface.) 

Temperature:  The  thermal  state  of  matter  with  reference  to  its  tendency  to  com- 
municate heat  to  matter  in  contact  with  it.  If  no  heat  flows  upon  contact,  there  is 
no  difference  in  temperature. 

Temperature,  Absolute:  Temperature  expressed  in  degrees  above  absolute  zero. 

Temperature,  Dew-Point:  The  temperature  at  which  the  condensation  of  water 
vapor  in  a  space  begins  for  a  given  state  of  humidity  and  pressure  as  jihe  temperature 
of  the  vapor  is  reduced.  The  temperature  corresponding  to  saturation  (100  per  cent 
relative  humidity)  for  a  given  absolute  humidity  at  constant  pressure, 

Temperature,  Dry-Bulb:  The  temperature  of  a  gas  or  mixture  of  gases  indicated 
by  an  accurate  thermometer  after  correction  for  radiation. 

Temperature,  Effective:  An  arbitrary  index  which  combines  into  a  single  value  th« 
effect  of  temperature,  humidity,  and  air  movement  on  the  sensation  of  warmth  ^or 
cold  felt  by  the  human  bod}r.  The  numerical  value  is  that  of  the  temperature  of  still, 
saturated  "air  which  would  induce  an  identical  sensation, 

Temperature,  "Wet-Bulb:  Thermodynamic  wet-bulb  temperature  is^the  tempera- 
ture at  which  liquid  or  solid  water,  by  evaporating  into  air,  can  bring  the  mt  to 
saturation  adiabatically  at  th©  same  temperature*  Wet-bulb  temperature  (without 
qualification)  is  the  temperature  indicated  by  a  wet-bulb  psychromoter  constructed 
and  used  according  to  specifications,  (ASME  Power  Test  Codes,  Series  1032, 
Instruments  and  Apparatus,  Part  18.) 
Therm:  A  quantity  of  heat  equivalent  to  100,000  Btu* 

Thermodynamics,  Laws  of:  Two  laws  upon  which  rest  the  classical  theory  of 
thermodynamics.  These  laws  have  been  stated  in  maay  different,  but  equivalent 
ways,  the  First  Law  :  (1)  When  work  is  expended  in  generating  heat,  the  quantity  of 
heat  produced  is  proportional  to  the  work  expended;  arid  conversely,  when  heat  Is  em- 
ployed in  the  performance  of  work,  the  quantity  of  heat  which  disappears  i«  propor- 
tional to  the  work  done,  (Joule)*  (G,P,)  ;  (2)  If  ft  system  is  caused  to  change  from  Aft 
initial  state  to  a  final  state  by  adiabatie  means  only,  the  work  done  in  thog&xtte  for  All 
adiabatio  paths  connecting  the  two  states.  (JSemanaky);  (3)  In  any  powor  gyclo  0r 
refrigeration  cycle  the  net  heat  absorbed  by  the  working  suhntance  IB  exactly  equal  to 
the  net  work  done.  The  Second  Law  (1)  It  la  impossible  for  a  antf-acting  machine,  uri 
aided  by  any  external  agency,  to  convey  heat  from  a  body  of  lower  to  one  of  higher 
temperature.  (Clauaius)  (C».P.);  (2)  It  Is  Impossible  to  derive  mechanical  wurk  from 
heat  taken  from  a  body  unless  there  is  available  a  body  of  lower  temiwraturo  into 
which  the  residue  not  so  used  may  be  discharged  (Kelvin'}  (G.P.);  (#}  It  k  isupcwnible 
to  construct  an  engine  that,  operating  in  a  cycle,  will  produce  no  effcot  other  than  tlut 
extraction  of  heat  from  a  reservoir  and  the  performance  of  an  equivalent  amount  of 
work  (Zemansky), 

M  Thermostat^  An  Instrument  which  responds  to  changes  in  temperature,  and 
directly  or  indirectly  controls  temperature. 

TraAsmlttance,  Thermal;  The  time  rate  of  heat  How,  from  the  fluid  on  tlit  warm 
side  to  tho  fluid  on  tho  cold  aide,  par  (square  foot)  (dogww  temperature  dlffwitRw  be- 
tween tho  two  fluids).  3om«timcH  called  (htralt  (torjfftGMnt  «/  If  ml 


Coinmon  unit  Is  Btu  per  (hour)  (square  foot)  (Fahrenheit  d«grt»).    HynilioJ  V 
Two-Pipe  System  l^ieam  or  Water)  :  A  heating  in  which  ort«  plfii!  i«         Iw 

the  supply  of  tno  heating  umdium  to  tho  hiiiitlug  unit,  and  iiniiihwr  for  tft«  return  *if  tlir 
heating  medium  to  tho  source  of  heat  supply,  Tl^t  vnwntM  feattirii  of  »  twci-ftipe 
flysteni'in  that  each  heating  unit  rwcoiyos  a  direct  supply  of  Hit  wtdltiifi,  witiuft 

modium  cannot  have  servinl  a  preceding  heating  unit. 

Up-Feed  System;  A  hoating  «y«tc»fti  in  which  tho*upp!y  nmlus  ^r«  beiow  tlm 
of  the  heating  tinltu  which  thny 


Heating  System;  A  two-pi^i)  flwi 

nooewuary  nee«w>ry  itpparatun  which  will  pcniiii  operating  tin* 
phorio  priJHHurcj  wlttni 


Ratio;  In  air  distributing  the  ratio  of  of          to 

ing  width  I)iitw4ti«i  two  adjacent  grille  bars, 


<rf  *»,it!i*»  who  I»w  »w  in 

<Hf  I'hyviw,  by  Ultoy  2)w4fflwrty  Wf&i 
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Vapor:  The  gaseous  form  of  substances  which  are  normally  in  the  solid  or  liquid 
state,  and  which  can  be  changed  to  these  states  either  by  increasing  the  pressure  or 
decreasing  the  temperature.  Vapors  diffuse.  (ASA  definition.) 

Vapor  Heating  System:  A  steam  heating  system  which  operates  under  pressures  at 
or  near  atmospheric  and  which  returns  the  coadensate  to  the  boiler  or  receiver  by 
gravity.  Vapor  systems  have  thermostatic  traps  or  other  means  of  resistance  on  the 
return  ends  of  the  heating  units  for  preventing  steam  from  entering  the  return  nuiing; 
they  also  have  a  pressure-equalizing  and  air-eliminating  device  at  the  cud  of  the  dry- 
return, 

Velocity:  A  vector  quantity  which  denotes  at  once  the  time  rat©  and  the  direction 

of  a  linear  motion.     F  «*  -=7  •    For  uniform  linear  motion  V  «*  -r  *   Common  units 

at  I 

are:  feet  per  second, 

Ventilation:  The  process  of  supplying  or  removing  air,  by  natural  or  mechanical 
means,  to  or  from  any  space.  Such  air  may  or  may  not  have  been  conditioned,  (Hee 
A  ir  Conditioning . ) 

Volume,  Specific:  The  volume  of  a  substance  per  unit  mass;  the  reciprocal  of 
density.  Units :  cubic  feet  per  pound,  cubic  centimeters  per  gram,  etc. 

Warm  Air  Heating  System:  A  warm  air  heating  plant  constafg  of  ft,  heating  unit 

(fuel-burning  furnace)  enclosed  in  a  casing,  from  which  the  heated  air  i«  distributed  to 
th©  various  rooms  of  the  building  through  ducts. 

Warm  Air  Heating  System*  Gravity;  A  warm  air  honting  Hyntom  in  whi<%h  th« 

motive  head  producing  flow  depends  on  tim  difference*  in  weight  l)«*tw«*eu  flio  ht*aft*<i 
air  leaving  the  caning  and  the  cooler  air  entering  the  bottom  of  liw  rasing, 

Warm  Air  Heating  System,  Mechanical:  A  warm  air  heating  H(y«t<*m  in  which  cir- 
culation of  tir  is  effected  by  a  fan.  Such  a  Hyeton  may  include  air  elfaitlitg  devices. 


CHAPTER  2 

ABBREVIATIONS  AND  SYMBOLS 

Standard  Abbreviations;  Standard  Symbols;  Greek  Alphabet;  Conversion  Equations; 

Graphical  Symbols  for  Piping,  Ductwork,  Heating  and  Ventilating, 

Refrigerating;  Identification  of  Piping  by  Color 


chapter  contains  information  regarding  abbreviations,  symbols, 
JL  and  conversion  equations,  which,  are  of  particular  interest  to  the  engi- 
neer engaged  in  heating,  ventilating,  and  air  conditioning. 

ABBREVIATIONS 

Abbreviations  are  shortened  forms  of  names  and  expressions  employed 
in  texts  and  tabulations,  and  should  not  generally  be  used  as  symbols  in 
equations.  Most  of  the  following  abbreviations  have  been  compiled  from 
a  list  of  approved  standards.1  In  general,  the  period  has  been  omitted  in 

all  abbreviations,  except  where  the  omission  results  in  the  formation  of  an 
English  word.  Additional  abbreviations  applying  to  individual  chapters 
will  be  found  at  the  end  of  Chapters  3, 4,  5, 12,  31,  35,  and  30. 

Absolute - ........ aba 

Air  horsepower. ; , air  hp 

Alternating-current  (as  adjective) a-o 

Ampere . . — amp 

Ampere-hour lunp-hr 

Atmosphere , *....*.. .atm 

Average ... . , . . .  ,avg 

Avoirdupois . . . ,  avdp 

Barometer ,tmr* 

Boiling  point. , , ,  — » .bp 

Brake  horsepower . . . , ,.,,,,  bhf> 

Brake  horHOpower-hour. , , - .... . . . .  .bhp-hr 

British  thermal  unit . , , , . ,  Btu 

British  thermal  units  per  hour. > , . , .  — . , , , , , .  Btuh 

Calorie , , , . , , .cal 

Centigram , , , ,..,..,.,,,.,  .eg 

Centimeter , , , ,,,...,. em 

Gontimcter-gram-gocond  (system)* , ....,.,.«..,.,,...., cp 

Cubic.  - . . . : , , ......,,,.,,.,.,,.,,.,,. f ..., ou 

Cubic  centimeter , ...I.,.....,.,.,..,,...,.,,.,  cu  cm  0r  oo 

Cubic  foot. . , . .  v ,  — ...,,.,..,«,.,....,,. *....». .eu  ft 

Cubic  foot  per  minute  .*.....,..,.,,,...,.. ..,,,...,,.,..,,.........  .$fm 

Cubic  feet  per  second, , .I....,,.,.,,...,,,.,.*,.,, ,efs 

Decibel ,..,.,..., .db 

Degree1    ..,,..,. , ,.,,.,..,. .dog  or f 

Degree,  Cantigrado* ....  — . . . , .......,,.....,.,.,..,. ....,, .,.,., ,  ,C 

f  ithrauhott. *  *  * , * . 4 ,.,.».,,.. ..,,.,,» .....,,.........,....,, ,,.... ,..,». F 

Kelvin, . , , , , ,      ,,..,,  ,,.,.,,..,,.,.,.,,,,,.,.,,,„.,,.,,,,..,.,  K 

H^auinur. ......  ...  ,  ,  - . . .,,,..,  .,,,,,.,,..,, ..,.».,..  II 

Diamater, . , . , , ,     , .,,,,,,,,,,     , . , , .  , , ,  t ,  ,  ..,..,., 


jWjwttlfifs  awl  Kfiginfffing  Twtwi,  ZW,I*1WI  (Awfrtwnftotntffiffo 

""",  I*  iiifJ»«iiiI 
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Direct'Current  (as  adjective)  ..................................................  d-c 

Electromotive  Force  ..................................................  .  .....  .  .  emf 

Feet  per  minute  ...............................................  .  ____  ,  .........  fpm 

Feet  per  second  ...................................  .  ...........................  f  ps 

Foot  .....  .................................................  .  ....................  ft 

Foot-pound  .............................................................  .  —  f  t-U> 

Foot-pound-second  (system)  .................................  .  ..........  .  ......  f  pa 

Freezing  point  ...........  .  .  ......................  .  .........  .....  .....  .  ,  ......  ,  .  f  p 

Gallon  .......  .  .............................................  .....  ..........  ....  gal 

Gallons  per  minute  ...................  .  .........................  *  .............  gpm 

Gallons  per  second  .................................  .  ..................  ........  gps 

Griuu  .......  .  ..............................................  .  .  ......  .............  g 

Gram-calorie  .....................................  ,  ,  .......  ,  .  —  ...  .....  ....  g-cal 

Horsepower  ............  .  .....................................................     hp 

Horsepower-hour  ........  ...»  ..............................  .  ..........  ,  .....  hp-hr 

Hour  ...........................................................  .  .....  .........  hr 

Inch  ......................  .  ....................  .  .................  ..........  ;  ..  in. 

Inch-pound  .........  .....  ...........................  ,  ..............  ,  .......  ,  in.-!h 

Indicated  horsepower.  .  ...................................  ,  .  ......  ..,...*....,  Hip 

Indicated  horsepower-hour  .......  .......................  .  .....  .  .  —  ,  ......  Ihp-hr 

Kilogram  .......  .  ..............................  .  .........  .  ...........  .........  .kg 

Kilowatt  —  .  .........  ,  ............  .  ...........  .  .....  .  ..........  .........,,..,  k  w 

Kiiow&tthour  .......  ....  .........  ....  —  .  ......  ..........  ......  ......  ......  kwhr 

Muss.  .  ..........  ,  .  ,  .  *  ............................  ,,,.,.  .....  ,  ,  ,  .....  ,..,.,,,  tnmn 

Melting  point  ............  ...  ......  ,  ,  .....  ...,,....,,  .......  ..,,,.,,.  ......  ,  .  .  ,  mp 

Meter  ....................................  .........  —  ,..,,.,.  .......  ,,.,,,.,..  m 

Micron  ....................  .  ...............  .  —  ..,,,,,.,..,,...,,.,   .,,,»./*  (mu) 

Miles  per  hour  ........  ...  .........  .........  ...............  .,.,.,,,,,  —   ,  ,  ,  ,  mph 

Millimeter.  .  ,  ................  ...  .......  ....,.,,.*,.,..»  ......  .,...,,,,,,,,,,,.  mm 

Miauto  .....  »  .  .  *  .....................  ...........I....,*..,...,,,,,.,.,  .....  n  *  .  mill 

Molecular  weight  ......  .....  .......  .  ,  ,  ......  .  —  ,  .....  ,  —  .,,,,,,,.,,,,.         wl 

Mol  .......  .................  ...........*....,..,»  —  *  .  *  ,,...,..  .  ,  *,  »  ,.,,,,  4  »  .mo! 

Ounce  ............  .......  .....  .  *  .  .....  .,........,.,,,...».,.,.,,,,  —  ..,,,,,,,  m 

Found  ......  .  .  .............................  .  ........  ......  .....  .  ......  ,.,.,.,„,  lb 

Founds  per  square  inch  .......  .....  ......................  ......  ,,,,...,,..,,,.,  |inl 

Founds  per  squaro  inch,  gage,  —  *.....*  ......  ..,,.,,.,.,,,,,...,„,.,,,.   ,  ,  ,  , 

Founds  por  square  inoh^  absolute  .............  ,  .......  ....,.,.,.,,<  .....  ,  ,  ,  ,  , 

Revolution*  per  minute  ,  ..,,.......„,....,..,,,,»...,.,.,,.,,,,,,,,,,,.,,.,,,  rpm 

E«volutioM  per  second,  .  ,  .  ......  ..............  ......  .  ,  „  ,  .........  -.,,,,.,,,,  rp 

Second,  .......  ..........  .  .....  .........I.....,.....,.,.,..,.*.,,,.  .....  .,,,,,  nee 

Sp©cifio  gravity  ,.*....,...»...,.......,.....,........  .....  .,.»...,.  ..,,.,,,  .up  gr 

Specific  Beat  .  *  .  .  .  .....  .................  ..........  ,  ...,.*,....,,....,,,..,,,  «p  fit 

Square  foot*  .  ,  ...............  ,.,,....,.«.  ...,.,...  ,  .  ,  r  ,  .,.,.,  ,  ,  ...,..,  ,,,.,„  ,«§  fi 

Square  ineh*  ........  .  ......  ......  .....  ,.,,.,.,.  .....  ,,..,,,.  *..,,,  ,.,,.,».  ,t«  la, 

Watt  .  .  .  .  ,  ..........  ........  .......  I....,.,,,,,.,..,..,,.,,.,,,,,..,.,..........* 

Wfttthour  —  ....»...,.......*  ...........  ..................P..,..,..,,,.,..,  .wbr 

SYMBOL 

A  letter  symbol  is  a  single  character  with  or                   if 

required,  used  to                a  physical                  In  «|ita- 

tloEs  ana  expressions-    Two  or  more  n 

product-    The  following  have        compiled  from  a  !i«l  of  approval 

staadards.*    Additional              and  variatio&n  In  the  nynibnlw 


Symbob  for  MMhAito  of  8oti«l  Bodi«i»  ^I0J-1M3»  imd  for          wi 
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found  necessary  In  the  individual  chapters  will  be  found  in  a  list  at  the  end 
of  Chapters  3,  4,  5,  12,  31,  35,  and  36. 

Acceleration,  due  to  gravity  .....................................................  g 

Acceleration,  linear  .............................................................  a 

Area  ...................................  ;  .......................................  A 

Change  in  specific  volume  during  vaporization  .................................  Vfg 

Density,  Weight  per  unit  volume,  Specific  weight  ........................  d  or  p  (rho) 


Distance,  linear  ........................................  ,  ........................  s 

Dry  saturated  vapor,  Dry  saturated  gas  at  saturation  pressure  and  temperature, 

vapor  in  contact  with  liquid  ....................................  .  .  .Subscript  g 

Efficiency  .......................................................................  *? 

Elevation  above  some  datum  ................................................  s9  Z 

Emissivity  .................................................  .  ....................  € 

Energy  in  general;  work,  total;  work,  molal  .......................  .  .............  13 

Entropy.    (The  capital  should  be  used  for  any  weight,  and  the  small  letter  for  ..... 

unit  weight)  ............................................................  S  or  a 

Force,  total  load  ...................................  ....  —  ,  .............  .  ......  $ 

Gas  Constant,  in  equation  pV  «*  nRT  ........................  ...  ................  R 

Head  .....................................................................  H  or  h 

Heat  content,  Total  heat,  Enthalpy.  (The  capital  should  be  used  for  any 

weight  and  the  small  letter  for  unit  weight)  ...............  .  ............  H  or  h 

Heat  content  of  saturated  liquid,  Total  heat  of  saturated  liquid,  Enthalpy  of 

saturated  liquid,  sometimes  called  heat  of  the  liquid  ........................  ^ 

Heat  content  of  dry  saturated  vapor,  Total  heat  of  dry  saturated  v&por,  En- 

thalpy of  dry  saturated  vapor  ................................  ,  .............  hs 

Heat  of  vaporization  at  constant  pressure  .................  ,  ................  L  or  A*c 

Hydraulic  radius  —  .  .  .  ........  .  .......  .  ,  .  .^  ...............  .  .......  *  .  .  ......  ,  .  J£H 

Internal  energy,  Intrinsic  energy*    (The  capital  should  be  used  for  any  weight 

arid  the  small  letter  for  unit  weight)  ..........................  ......  *  ...  U  or  u 

length  of  path  of  heat  How,  thickness  ...........................  *  ..............  L 

Load,  total  ..........  ,  ..........  .....  ............  .....  .........  .  ...............  W 

Mechanical  efficiency.  .  .  ...............  .  .................  .  .  .....  .  ...........  *...#» 

Mechanical  equivalent  of  heat  ......................  .  ............  .  ,  .............  J 

Power,  Horsepower,  Work  per  unit  time,  .  .  ........  .  .....  *  .........  ,  ...........  ,  .  .  JP 

Pressure,  Absolute  pressure,  Gage  pressure,  Force  per  unit  area,  ,  ,  *  ..........  ,  .  .  ,  >p 

Quantity  (total)  of  fluid,  water,  gas,  boat;  Quantity  by  volume;  Total  quantity 

of  heat  transferred  —  .  -------  .  ,  .  .  ........  .  .........  .  ,  .  .......  .......  ......  fQ 

Quality  of  atearn,  Founds  of  dry  steam  per  pound  of  mixture  ........  ,  ,  ......  .....a? 

Reynolds  Number  ........  .....  .  .  ,  .......  ..........  ..........  .  .  .  «  .........  ,  .  ,  JVft© 

Saturated  liquid  at  saturation  pressure  and  temperature.  Liquid  in  contact  with 

vapor  ,  .  „  ..........  .,.,,,.,,  .......  .  .  —  ,.,.  ».,..„.....*„„,...,.,.  Sub&cripi  f 

Specific  heat.  .  .........  ..*..,.,  .....  ,  ......  .  .....................  .  ......  .„.,,.,  ,c 

Specific  heat  at  constant  pressure.  .....  —  .  .  .  .....  ,  ..................  ....  .....  % 

Specific  heat  at  constant  volume,  .,,..,....,,.,..„*,  .....  .  .  .  .  .  .......  ..,*»„,,.,  e* 

Specific  volume  r  Volume  per  unit  weight,  Yolume  per  unit         —  .,,,.......,,  .0 

Temperature  (ordinary)  F  or  C.    (Theta  is  used  preferably  only  when  t  Is  used 

for  Time  in  the          discussion)  .  ,  ,  ,  v  ,,.,...  .  ...,«...„...,,.,,.,.  ,t  or  $ 

Temperature  (absolute)  F  abs  or  K.    (Capital  thefa  is  used  preferably  only  vhd 

small  Ihtta  is  u«o<l  for  ordinary  temperature)  ,.»,,.  .....  .  ,  ,  T  or  0  (capital  theta) 

Thermal  eoxtductanee  :4  heat  transfetrea  per  (unit  time)  (degree)*  ,  ......  ...,....(/ 

c.i.w.,^,,, 

II     L     is  -  it 


*  Termf  ending  irity  4»lf  of          or  --h-'ipo,  §»mdtlffl«  ajwific 

#M,    Emmplm:  wr«ittotiviiy»  r«8t»lmty.   T«rtnt  wicUnf  aiwt  <f«i«stlilt»  4»»*B«a$  wl 

on  the  ttatwiw«  btil  «l*o  UWB  §!••  suid  fihaj-H?,  uouK'.timer*  «tlM  MM  >iuwiht^*, 

!  €*>aiitS6:li0it., 
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Thermal  conductance  per  unit  area,  Unit  conductance:  heat  transferred  per 

(unit  time)  (unit  area)  (degree)  ..................................  .  .....  .  .  .  .  C» 


c  . 

a 


A      RA      A(ti  -  «,)      L 

Thermal  conductivity :  heat  transferred  per  (unit  time)  (unit  area)  (degree  per 

unit  length) k 

[Q      MS     -— ~— — ™~-~ 


Surface  coefficient  of  heat  transfer,  Film  coefficient  of  heat  tr&rafer?  Individual 

coefficient  of  heat  transfer:  heat  transferred  per  (unit  time)  (unit 
(degree) . . , .  — ...   .,*.,,. 


A 

J     k^7, 

(In  general  /  is  not  equal  to  k/L9  where  L  *w  the  actual  thickness  of  th«*  fluid  film.) 

Overall  coefficient  of  heat  transfer,  Thermal  transmittfwiee  per  unit  ares:  heat 
transferred  per  (unit  time)  (unit  area)  (dogroe  overall). ,,.,..,...,,,...,,,,  t/ 

7 


Thermal  transmission  (heat  transferred  per  unit  time)  , 

a 


Thermal  resiatance  (degree  per  unit  of  heat  transferred  per  unit  time). 


Themal  resistivity  *.»„,,.,..,,.,,,...*,....,,...»......,,,..,,.,,   ,  ,  ,  .  ,   *»,,»,  1/4 

Vaporiiation  values  at  conntant  pressure.  J>iterene«»  botweei»  valutm  fwr  itatu* 
rated  vnpor  and  stfcurated  liquid  at  ikt          prccttire.  ...,.,,.,.,,.  ,*S*iili«fM  i* 

Velocity,  ,  .  .  ........  .........  ...  ,  .  ..........  .  .  ,  ,  .  .......  .,.,,,.,,,  ,   ,  .  1  1  .  ,  .  r  .  ,  ,  F 

Viscosity,  absolute,  ..»,...,,,,,,..,*,...*,.,....,.,....,»»,  ,,.,.*,  ,,-,,,,»,,,,  ,|* 

Vlscoiity,  kinematic  ......  «».,.»«.*.*.*...*.....,..,.,.,..**«,,,  .,,.,.,«,  k  «,,  .^/ 

Volume  (total)  .  .  ,  v  ......  ,,.^,  .  ,  ,  ;.,...  .  .  .  ,  .  .  ,  ...,..,...,,,,,,.,  t  ,  ,  .  .  ,  ,  ,  ,  .  ,  ,  ,  ,  1^ 

Volume  per  unit  time,  Rate  at  wMch  quantity  of  material  t 

xnacbine,  Quantity  of  heat  per  unit  time,  Quantity  of  li«*t  p*r  unit  *  -  *  I 

Weight  ol  a  major  item.  Total  weight,  ,.,,,,..,.,.,*.„,.,„.,,,,.,.,  .,.,,,,,..  fr 
Weight  rate,  Weiglit  per  unit  of  power.  Weight  p«r  unit  of  time*  ,,,.,.  ..,,,,,,,,«? 
Work  (  to  tri  ).....  ........  .,.....,..  ..,.-....  ,...,,  ..,..,..  .  .  .  .  ..,,.,,  ,  ,  ,  ,  .  .  .  ,  ,  r 

THE  ALPHABET 


A  a  Alpha 

B  /5  Beta 

P  y  Gamma 

A  5  Delta 

K  <  lipidlon 

Z  f  2ksta 

II 9  Kto 

8^0  Theta 


It     lota 


Itho 


K  ie   K&ppa  S  <r  t 

AX   Lambda  !  Tr     Tnu 

M  fi  Mn  i  f 

N  r   Ntt  j  *  f  ^  fill 

S|    S3  i  Xx     f"W 

Go   Omioitm  #J     Fa 


lr  Pi  1          ilw 
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EQUATIONS1^ 


Heat,  Power  and  Work 
1  ton  refrigeration 
Latent  heat  of  ice 

1  Btu 

1  Int.  watthour 

1  Int.  kilo  watthour 

1  Int.  kilowatt  (1000  watts) 


1000  I.T.  calories  \ 
1  I.T,  Kilocalorie  f 


1  horsepower 

1  boiler  horsepower 

Weight  aad  Volume 
1  gal  (U.  SO 

1  British  or  Imperial  gallon 
1  cu  ft 


1  cu  ft  water  at  60  P 
1  cu  ft  water  at  212  F 
1  gal  water  at  60  F 
1  gal  water  at  212  F 

I  Ib  (svdp) 

1  bushel 
I  «hort  ton 

Pressure 

1  Ib  per  square  inch 


per 


in  vacuo 


«  n^-rtmi  In  IM4  by  A'a^Vmal  Bureau  #/  Standard*. 

««4  hurttafowtf  (Gtm®)  T®^9 


12,000  Btu  per  hour 
200  Btu  per  minute 

<  143.4  Btu  per  pound 

f  778.3  ft-lb 

{  0.2930  Int.  whr 

I  252.0  I.T.  calorie 

f  2656  ft-lb 
I  3.413  Btu 
'  ]  3600  Int.  joules 
I  860  I.T.  calories 

f  3,413  Btu 

>  i  3.517  Ib  water  evaporated  from 
(     and  at  212  F 

f  1.541  hp 

\  56.88  Btu  per  minute 
[  44,267  ft~ib  per  minute 

f  3.968  Btu 
{  3088  ft-lb 
1 1.1628  Int.  whr 

(  0.7455  Int.  kw 
1  42.40  Btu  per  minute 
|  33,000  ft-lb  per  minute 
[  550  ft-lb  per  second 


33,475  Btu  per  hour 
'  ~"  Int.  kw 


f  231  cu  in, 
""  1  0,1337  cu  ft 

~  277,42  cu  in, 

M  /  7.481  gal 

\  1728  cu  in. 

»  02.87  Ib 

-  59.83  Ib 

-  8.388  Ib 

«  7,908  Ib 

.  /  W  oz 

\  7660  grains 

«-  1.244  cu  ft 

-  3000  Ib 


144  Ib  per  equmre  foot 
2,0«TO  in.  mercury  At  ,12  P 
2,0422  in.  mercury  at  62  F 

ft  wat«r  nt  82  F 
27  Jl  in.  water  at  62  P 

0*1276  In,  moroury  it  §2  F 
1,732  in.  water  at  62  F 


'»*» «a4  l.T.         t»  i 
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1  atmosphere 

1  in.  water  at  62  F  (in  vacuo) 
1  ft  water  at  62  F  (In  vacuo) 

1  in.  mercury  at  62  F  (In  vacuo) 

1  in.  mercury  at  32  F  (in  vacuo) 

Metric  Units 

1  cm 
1  in. 
lax 
1ft 

1  sq  cm 

1  sq  in. 

1  sq  m 
1  ®q  ft 
1  cu  em 

1  cu  in, 
I  cu  m 
1  cuft 

1  liter 

1kg 

lib 

1  metric  ton 

1  gram 

1  kilometer  per  hour 


1  gram  per  square 

1  kg  par  gq,  em  (metric  atmosphere) 

1  gram  per  cubic  centimeter 
1  dyne 

1  absolute  joule 

1  Int.  joule 

I  metric  horaapower 

1  LT.  kiloealorie  per  kilogram 

1  LT,  calorie  per  equate  centimeter 

1  LT*  calorie  per  {second)  centi- 

meter) lor  si  temperature  gradient  of  1  C 
dag  per  centimeter 


14.696  Ib  per  square  Inch 

2110  Ib  per  square  foot 
33.94  ft  water  at  62  F 
30.01  In.  mercury  at  62  F 
29.921  in.  mercury  at  32  F 


f  0.03609  Ib  per  square  inch 

•(  0.6774  oz  per  square  inch 

[  5.197  Ib  per  square  foot 

f  0.4330  Ib  per  square  inch 
\  62.37  Ib  per  sqtiaro  foot 

{0.4897  Ib  per  square  inch 
7.835  oz  per  square  inch 
1131  f t  water  at  62  F 
13.57  in.  water  at  62  F 

0.49115  Ib  per  square  inch 


0.3937  in.  *  0.0328  ft 
2,840  cm 

3.281  ft 

0.3048  m 

0,1550  eq  in* 

6,452  sq  cm 

10.76  eq  ft 

0.09200  «<i  m 

0.06102  cu  in, 

JC.39  cu  cm 

35.31  cu  ft 

0*02832  cu  m 

1000  cu  cm  «  0.2W2  gal 

2.205  Ib  (iivci!>) 

0.4636  kg 

2205  II>  (avdp) 

0.002205  If?  (avdp) 

0,6214  mph 

|  0.02905  iiL  mercury  »t  1)2  ¥ 
\  In.  at  H2  F 

14.22  Ib  per  inch 

/  0*0301^  ib  i»r  cubic  Inch 

\  62.43  If)  per  cubic  fowl 


^  / 
\ 


nrp 
ft-!b 


-  0.7878 


/  75  kg-ro  pi*r 
1  OJW  lip  (U,  R) 


1.8  Bin  per 

3.68?  Btu  per  foot 


f  2W  Bin  pr  (h<mr)  fitot) 

I  for  *  of  I  F 

I  d«g  pur  Sacli  of 


Abbreviations  and  Symbols  1? 

SYMBOLS  FOR  DRAWINGS6 

Graphical  Symbols  for  Drawings  Piping 
HEATING 

1.  High  Pressure  Steam  # # # 

2.  Medium  Pressure  Steam  * »* »• 

3.  Low  Pressure  Steam  

4.  High  Pressure  Return  # if # 

5.  Medium  Pressure  Return  * «* >• 

6.  Low  Pressure  Return  $  

7.  Boiler  Blow  Off  

8.  Condensate  or  Vacuum  Pump  Discharge  o o o 

9.  Feed  water  Pump  Discharge  — oo oo oo — 

10.  Make  Up  Water  

11.  Air  Relief  Line  

12.  Fuel  Oil  Flow  FOF 

13.  Fuel  Oil  Return  FOR 

14.  Fuel  Oil  Tank  Vent  FOV 

15.  Compressed  Air  A  — 

16.  Hot  Water  Heating  Supply  

17.  Hot  Water  Heating  Return  

AIR  CONDITIONING 

18.  Refrigerant  Discharge  RD 

19.  Refrigerant  Suction  ; R$ , — 

20.  Condenser  Water  Flow  c 

21.  Condenser  Water  Return  CR 

22.  Circulating  Chilled  or  Hot  Water  Flow  CH 

23.  Circulating  Chilled  or  Hot  Water  Return  CHR 

24.  Make  Up  Water  , 

25.  HumicHfication  Line  . H , 

26.  Drain  ,.  ,D 

27.  Brine  Supply 


28.  Brine  Return  8R 

PLYTMBXNG 

20.  Soil,  Waste  or  Leader  (Above  Grade) 

30.  Soil,  Waste  or  Leader  (Below  Grade)  _ 

31.  Vent  — . 

32.  Cold  Water  . 

33*  I  lot  Water  , - 

34,  Hot  Water  Return  „ „ 

85,  Fire  Line  F • 

3d  Gas  0 

37.  Anil  Waste  *,<•?,«? 

3^,  Drinking  Watur  Flow 

39.  Drinking  Water  Return 

40.  Vacuum  Cleaning 
4L  Comprcaed  Air 


42*  Main  Supplies 
43*  Branch  anil  Head 
4C  Drain 


tt!  Symbols  f«>r  U«  on  0raw!«»  In  Mwtmsic&I  Eatlncfflug,  Z33.3-194X 
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Graphical  Symbols  for  Drawings 

45.  Duct  (1st -Figure,  Width;  2nd,  Depth) 

46.  Direction  of  Flow 

47.  Inclined  Drop  in  Respect  to  Air  Flow 

48.  Inclined  Rise  In  Respect  to  Air  Flow 

49.  Supply  Duct  Section 

50.  Exhaust  Duct  Section 

51.  Recirculation  Duct  Section 

52.  Fresft  Air  Duct  Section 

53.  Other  Duct  Sections 

54.  Register 

55.  Grille 

56*  Supply  Outlet 
57.  Exhaust  Inlet 

158.  Top  Regliter  or  Grille 
59,  Center  Register  or  Grille 

60*  Bottom  Register  or  Grille 

61 »  Top  and  Bottom  Register  or  Grille 
02,  Ceiling  Register  or  Grille 
03*  Louver  Opening 

64  Adjustable  Plaque 


Ductwork 


R 
6 


TR  P0*/«?~ 


2Q*i2~iM. 
20*/2-w. 


L 
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Graphical  Symbols  for  Drawings 


Ductwork 


65.  Volume  Damper 


-P/an 


E/ev. 


66.  Deflecting  Damper 


67.  Deflecting  Damper,  Up 


68*  Deflecting  Damper,  Down 


69,  Adjustable  Blank  Off 


70.  Turning  Vanes 


71.  Automatic  Dampers 


72,  Canvas  Connections 


73,  Fan  and  Motor  With  Guard 


74,  InUbi  Louven  tod  Scroea 
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Graphical  Symbols  for  Drawings 

75.  Heat  Transfer  Surface,  Plan 

76.  Wall  Radiator,  Plan 

77.  Wall  Radiator  on  Ceiling,  Plan 

78.  Unit  Heater  (Propeller),  Plan 

79.  Unit  Heater  (Centrifugal  Fan),  Plan 

80.  Unit  Ventilator,  Plan 

TRAPS 
SL        Thermostatic 

88,  Blast  ThermofJtatic 

83.  Float  and  Tliermostatic 

84.  Float 

85.  Boiler  Return 

VAtVSS 

80*        Reducing  Pressure 

87,  Air  One 

88,  Lock  and 
81        Diiphmgra 
90,  Mr  Eliminator 
®L  Strainer 

02,  Thermometer 
n»  Thermostat 


Heating  and  Ventilating 


mir~ 


T±T| 


o 


-e- 
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Graphical  Symbols  for  Drawings 


Refrigerating 


<r 


04.  Thermostat 
(Self-Contained) 

95.  Thermostat 
(Remote  Bulb) 


96.  Pressurestat 

97.  Hand  Expansion  Valve 

98.  Automatic 
Expansion  Valve 

99.  Thermostatic 
Expansion  Valve 


100.  Evaporator  Press.  Regu-         , 

lating  Valve,  Throttling       /\ 
Type  -O~^ 

101 .  Evaporator  Press,  Regu- 
lating Valve,  Thermo*1 
static  Throttling  Type 

102.  Evaporator  Presa.  Rent- 

p-Ac- 


lating  Valve,  Snap- 
tion  Valve 


103*  Compressor  Suction 
Pressure  Limiting  Valve, 

Throttling  Type 


104.  Hand  Shut-Off  Valve 

105,  Thermal  Bulb 
10§.  Scale  Trap 

107,  Dryer 

108.  Strainer 


M». 


Side  Float 


110.  Low  Side  Float 


111.  Gage 


112.  Finned  Type  Cool- 
ing Unit,  Natural 
Convection 


113.  Pipe  Coil 


114.  Forced  Convection 

Cooling  Unit 


115.  Immersion  Cooling 
Unit 


116,  Ice  Making  Unit 


117.  Heat  Interchanges 

118.  Condensing    Unit, 
Air  Cooled 


119.  Condensing    Unit, 
Water  Cooled 


120.  Compressor 

121.  Cooling  Tower 


122*  Evaporative   Con- 
denser 


123,  Solenoid  Valve 


124,  Presswestat  With 
High  Pressure  Cut* 
Out 
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IDENTFICATION  OF  BY 

The  color  scheme  for  identification  of  piping  systems  listed  in  the  follow- 
ing table  and  shown  in  Fig.  1,  is  reprinted  from  Part  V,  Fourth  Edition,  of 
the  Engineering  Standards  of  the  Heating,  Piping  and  Air  Conditioning 
Contractors  National  Association.7 

All  piping  systems  are  classified  according  to  the  material  carried  in  the 
pipes,  and  colors  are  assigned  as  follows: 


CLASS 

F— Fire-protection 
D— Dangerous  materials 
S— Safe  Materials 

and,  when  required 

P — Protective  materials 
V— Extra  valuable  materials 


COLOR 
Red 

Yellow  or  Orange 

Green   (or  the   achromatic   colors*  white* 
black,  gray  or  aluminum) 

Bright  blue 

Beep  purple 


Fic*»  1,  MAIN  CX*A»SIWCATIGH  BT  CO&OB* 

» IVcra  8oh0m®  for  Ztatitetfon  <£  Mb*  fywtw.  ffiftnf,  Wf%  taut  Air 
WaUmal  Association,  Part  V,  Fourth  Edition.,  p.  17.    U««d  by 


i  to  Sofc«m«  for  IdtntffimMon  of  Flpiag  Syetoms,  AUNfttt,  4«wfto» 


CHAPTER  3 

THERMODYNAMICS 

Thermodynamic  Properties  of  Moist  Air  and  of  Water;  Degree  of  Saturation; 

Goff  Diagram  for  Moist  Air;  Derived  Properties;  Typical  Air  Conditioning 

Processes,  Heating,  Cooling,  Adlabatic  Mixing;  Wet-Bulb  Temperature® 

Below  32  P;  Dalton's  Eule;  Steady  Flow  Energy  Equation, 

TJ.  S.  Standard  Atmosphere 

THE  working  substance  of  the  air  conditioning  engineer  is  called  moist 
air.  In  order  to  be  able  to  apply  the  laws  of  conservation  of  energy 
and  mass  to  the  analysis  of  typical  air  conditioning  processes,  it  is  neces- 
sary to  know  the  thermodynamic  properties  of  moist  air,  particularly  its 
enthalpy  and  volume.  When  the  limitations  imposed  by  the  Second  Law 
of  Thermodynamics  have  to  be  considered,  it  is  also  necessary  to  know  its 
entropy. 

For  the  purpose  of  analysis,  moist  air  may  be  regarded  as  a  mixture  of 
only  two  constituents,  namely,  dry  air  and  water  vapor.  It  has  long  been 
customary  to  predict  the  thermodynamic  properties  of  the  mixture  from 
a  knowledge  of  those  of  dry  air  and  water  vapor  separately  by  means  of 
Dalton's  Rule.  According  to  this  rale :  each  constituent  of  a  gas  mixture 
occupies  the  whole  volume  of  the  mixture  just  as  if  no  other  constituent  were 
present ;  it  therefore  exerts  a  partial  presmre  equal  to  the  pressure  it  would 
exert  if  alone  in  the  whole  volume  at  the  temperature  of  the  mixture ;  the 
observed  pressure  of  the  mixture  is  the  sum  of  these  so-called  partial  pres- 
sures; the  enthalpy  of  the  mixture  is  the  sum  of  separate  contributions 
from  the  individual  constituents  as  determined  by  their  partial  pressures, 
their  weights,  and  the  temperature  of  the  mixture ;  and  the  entropy  of  the 
mixture  is  obtained  in  a  similar  manner. 

Paltou'fl  Rule  has  long  been  regarded  erroneously  as  a  fundamental  law 
of  nature.  Actually  it  is  not)  and  in  many  cases  its  predictions  are  quite 
unreliable*  In  this  case  of  moist  air  at  atmospheric  pressure,  it  happens  to 
give  a  close  approximation  to  the  truth ;  but  as  progress  is  made  the  need 
for  greater  accuracy  than  the  rule  can  afford  is  felt  even  in  this  case.  For- 
tunately, most  of  the  complications  involved  in  following  a  correct  pro- 
cedure^ based  on  the  predictions  of  statistical  mechanics,  are  met  in  pre- 
paring BuiUtblo  tallies  of  thermodynamic  properties;  and,  once  these  tables 
nave  lx*cn  prepared,  their  urn  in  the  aEalyais  of  typical  air  conditioning 
processes  is  actually  simplified  by  abandonment  of  the  rule  together  with 
its  fictitious  concepts  of  partial  pressure,  relative  humidity,  etc. 

Tfaermodpitmic  Properties  of  Moist  Air 

Table  1,  Thermodynamie  Properties  of  Moist  Air  (Standard  Atmos- 
pheric Pressure,  29.021  In.  ffg)>  contains  remilte  of  a  cooperative  investi- 
gation the  AMKIUCAX  BCK?IETT  OF  H&ATXNQ  AND  Vmrn^im 
KxcHNmua  and  the  Towne  R«ientific  Bchool,  University  of  Pennsylvania. 
Theac            nre  Using  Htudied  by  an  International  Joint  Committee  oa 
Pttytihrometric  Data  m  a  possible  starting  point  from  which  to  reach  agree- 
on  Btandurd  properties  of  moist  air*    A^  detailed  explanation  of  the 
and  methods        In  constructing  Table  1  Is         in  a  paper1 
the  A&H.V,K. 
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In  Table  1  there  are  15  columns  of  figures,  each  column  being  headed 
by  a  suitable  symbol.  In  the  following  sub-paragraphs  are  given  brief 
explanations  of  the  data  in  Table  1  under  the  appropriate  column  headings. 


«  Fahrenheit  temperature  defined  in  terms  of  absolute  temperature  T  by  the 
relation, 

T  -  *  +  459.69  (1) 

This  particular  Fahrenheit  scale  differs  slightly  from  that  derived  from  the  Inter* 
national  Centigrade  Scale  J(C)  by  the  definition, 

«(P)  -  1.8*(C)  +  32  (2) 

However,  the  maximum  difference  between  the  two  Fahrenheit  scales  appears  not 
to  exceed  0.01  Fahrenheit  deg  in  the  range  32  to  212  F. 

Wn  »  humidity  ratio  at  saturation.  By  humidity  ratio  is  meant  the  ratio,  by 
weight,  of  water  vapor  to  dry  air,  pounds  of  water  vapor  per  pound  of  dry  air.  By 
saturation  is  meant  the  point  where  coexistence  of  the  vapor  phase  (moist  air)  with  a 
condensed  phase  (liquid  or  solid)  is  possible  at  the  given  temperature  and  pressure 
(standard  atmospheric  pressure  in  the  case  of  Table  1)  .  At  given  values  of  tempera- 
ture and  pressure  the  humidity  ratio  W  can  have  any  value  from  zero  to  W&. 

v*  «  specific  volume  of  dry  air,  cubic  feet  per  pound. 

VM  «  «>s  —  v*j  the  difference  between  the  volume  of  moist  air  at  saturationj  per 
pound  of  dry  air,  and  the  specific  volume  of  the  dry  air  itself,  cubic  feet  per  pound  of 
dry  air. 

0.  *»  volume  of  moist  air  at  saturation  per  pound  of  dry  air,  cubic  feet  per  pound 
of  dry  air. 

&a  **  specific  enthalpy  of  dry  air,  Btu  per  pound.  It  will  be  noticed  that  the  spe- 
cific enthalpy  of  dry  air  has  been  assigned  the  value  zero  at  0  F,  standard  atmospheric 
pressure.  The  energy  unit  Btu  is  related  to  the  foot-pound,  though  not  exactly,  by 
definition,  as  follows;  1  Btu  —  778,18  ft-lb. 

hm  «»  h»  —  hAj  the  difference  between  the  enthalpy  of  moist  air  at  saturation  ,  per 
pound  of  dry  air,  and  the  specific  enthalpy  of  the  dry  air  itself  ,  Btu  per  pound  of 
dry  air. 

h»  »•  enthalpy  of  moist  air  at  saturation  per  pound  of  dry  air,  Btu  per  pound  of 
dry  air. 

^6  «•  specific  entropy  of  dry  air,  Bin  per  (pound)  (F),  It  will  be  noticed  that  the 
specific  entropy  of  dry  air  has  been  assigned  the  value  xero  at  0  F  and  standard  atmos- 
pheric pressure. 

*•»""«»  —  ft*?  the  difference  between  the  entropy  of  moist  air  at  Baturation,  per 
pound  of  dry  air,  and  the  specific  entropy  of  the  dry  air  itself,  Btu  per  (pound  of  dry 
air)  (P). 

*«  *"  entropy  of  uaoist  air  at  saturation  per  pound  of  dry  air,  Btu  per  (pound  of  dry 
air)  (F). 

h*  «••  specific  enthalpy  of  condensed  w&ter  (liquid  or  solid)  at  (standard  atmospheric 
pressure,  Btu  per  pound  of  water.  The  specific  enthalpy  of  liquid  water  has  been 
ftflsigaod  the  value  aero  at  32  F,  saturation  pressure*  It  will  be  noticed  that,  under 
this  the  specific  enthalpy  of  liquid  water  at  32  F,  standard  atmospheric 

pressure,  ilia  value  0,04  IHu/ibw 

»w  •»  specific*  entropy  of  condensed  water  (liquid  or  solid)  at  standard  atmospheric 
pressure,  Btu  per  (pound  of  water)  (F)  „  Tim  specific  entropy  of  liquid  water  hm  beaut 
luwlgiitd  the  value  sero  at  32  F»  saturation  jweiiure,  It  will  be  noticed  that,  under 
tM»  aoftigame&t,  the  tfwifie  entropy  of  liquid  wnter  at  32  F,  standard  atmospheric 
pressure,  10  also  2cro,  though  Mot  exactly, 
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TABLE  3.    PROPERTIES  OF  SATURATED  STEAM.-   PRESSURE  TABLED* 


ABS. 

TEMP 

SPECIFIC 

VOLUME 

i 

SNTHALP 

Y 

ENTROPY 

f 

ABS. 

PRESS. 

PRESS. 
IN.  He 
P 

F 

I 

Sat. 
Liquid 
vt 

Sat, 
Vapor 
% 

Sat. 
Liquid 
«f 

Evap. 
*fe 

Sat. 
Vapor 
kg 

Sat. 
Liquid 
Sf 

Evap. 
Sfg 

Sat. 

Vapor 

5V 

IN.  Ho 
P 

0.25 

40.23 

0.01602 

2423.7 

8.28 

1071.1 

1079.4 

0.0166 

2.1423 

2.1589 

0.25 

0.50 

58.80 

0.01604 

1256.4 

26.86 

1060.6 

1087.5 

0.0532 

2.0453 

2.0985 

0.30 

0.75 

70.43 

0.01606 

856.1 

38.47 

1054.0 

1092.5 

0.0754 

1.9881 

2.0635 

0.75 

1.00 

79.03 

0.01608 

652.3 

47.05 

1049.2 

1096.3 

0.0914 

1.9473 

2.0387 

1.00 

1,5 

91.72 

0.01611 

444.9 

59.71 

1042.0 

1101.7 

0.1147 

1.8894 

2,0041 

1.5 

2 

101.14 

0,01614 

339.2 

69.10 

1036.6 

1105.7 

0.1316 

1.8481 

1.9797 

2 

4 

125.43 

0.01622 

176,7 

93,34 

1022.7 

1116.0 

0.1738 

1.7476 

1.9214 

4 

6 

140.78 

0.01630 

120.72 

108.67 

1013.6 

1122.3 

0.1996 

1.6881 

1.8877 

f> 

8 

152.24 

0.01635 

92.16 

120.13 

1006.9 

1127.0 

0.2186 

1.6454 

1,8640 

a 

10 

161.49 

0.01640 

74.76 

129.38 

1001.4 

1130.8 

0.2335 

1.6121 

1.8458 

10 

12 

169.28 

0.01644 

63.03 

137.18 

996.7 

1133.9 

0.2460 

1,5847 

1.8307 

12 

14 

176.05 

0.01648 

64.55 

143.96 

992.6 

1136.6 

0.2568 

1.5613 

1.8181 

14 

16 

182,05 

0.01652 

48.14 

149.98 

988.9 

1138.9 

0.2662 

1.5410 

1.8072 

16 

18 

187.45 

0.01655 

43.11 

155,39 

985.7 

1141.1 

0.2746 

1,5231 

1.7977 

18 

20 

192.37 

0.01658 

39.07 

160.33 

982,7 

1143.0 

0.2822 

1,6060 

1.7801 

20 

22 

196.90 

0.01661 

35.73 

164.87 

979.S 

1144.7 

0.2891 

1.4923 

1,7814 

22 

24 

201.09 

0.01664 

32.94 

169.09 

977.2 

1146.3 

0.2955 

1.4789 

1.7744 

24 

26 

205.00 

0.01667 

30.56 

173.02 

974.8 

1147.8 

0,3014 

1.4665 

1.767ft 

2f» 

28 

208.67 

0,01669 

28.52 

176.72 

972.5 

1149.2 

0.3069 

1,4550 

1,7619 

28 

30 

212.13 

0.01672 

26.74 

180.19 

970.3 

1150.5 

0,3122 

1,4442 

1.7664 

30 

LB/SQ  IN. 

LB/SQ  IN. 

14.696 

212.00 

0.01672 

26.80 

180.07 

970.3 

1150.4 

0.8120 

1.4446 

1.7666 

14.696 

16 

216.32 

0.01674 

24.75 

184.42 

967.6 

1152.0 

0.3184 

1.4313 

1.7497 

16 

18 

222.41 

0.01679 

22.17 

190.56 

963.6 

1154.2 

0.3275 

1.4128 

1.7403 

is 

20 

227.96 

0.01683 

20.089 

196.16 

960.1 

1156.3 

0.3356 

1.3962 

1.731ft 

20 

22 

233.07 

0.01687 

18.375 

201.33 

956.8 

1158,1 

0,3431 

1.3811 

1.7242 

22 

24 

237.82 

0.01691 

16.638 

206.14 

953.7 

1159.8 

0,3500 

1..W2 

1.7172 

24 

26 

242.25 

0.01694 

15.715 

210,62 

950.7 

116L3 

0.3564 

1.3*44 

L71QB 

26 

2$ 

246.41 

0.01098 

14.663 

214,83 

947.9 

1162.7 

0,3023 

1.3425 

1,7018 

28 

30 

250.33 

0.01701 

13.746 

218.82 

945.3 

1164.1 

0.3680 

1.3313 

1,6903 

30 

32 

254.05 

0.01704 

12,940 

222.69 

942.8 

1365.4 

0.3733 

1.3SJW 

1.B1W 

•3!w 

34 

257.58 

0.01707 

12.226 

226.18 

940,3 

1166,5 

O.JJ783 

1,3110 

l,f»K!KI 

34 

36 

260.95 

0.01709 

11,588 

220,60 

93S.O 

1167,6 

0,3831 

1.3017 

1.6H48 

;w 

38 

264.16 

0.01712 

11.015 

232.89 

935.8 

1108.7 

0.3870 

1.25*2$ 

U«l 

38 

40 

267.25 

0.01715 

10.498 

230.03 

933.7 

1160.7 

0.301!) 

1,2844 

1.ITO 

411 

42 

270.21 

0.01717 

10.029 

239.01 

tm.6 

1170.7 

0.3900 

L27IW 

L«7LH 

42 

44 

273.05 

0.01720 

9.601 

241.95 

029.6 

1171,0 

0.4000 

I.2«87 

1.WJ87 

41 

46 

275.80 

0.01722 

9.209 

244,75 

927.7 

1172.4 

0.4038 

1.  2013 

l.flflSU 

4ft 

48 

278.45 

0.01725 

8,848 

247.47 

025.8 

1173,3 

0.4075 

L2542 

1.C017 

48 

50 

281.01 

0.01727 

8,515 

250.09 

024.0 

1174.1 

0.4110 

1,2474 

I  MM 

m 

52 

283.49 

0.01729 

8,208 

252.03 

1)22.2 

1174.8 

0,4144 

.24CB 

Li»53»$ 

to 

54 

285.90 

0.01731 

7.922 

255.00 

020.5 

1175,6 

0.4177 

.2:?'i« 

l.f.f/J3 

f4 

56 

288.23 

0.01733 

7.656 

257.  ,10 

1)18.8 

1170.3 

0.41iOt> 

Mm 

I.«41*4 

Aft 

58 

290.50 

0.01736 

7.407 

250.82 

917,1 

1170.1* 

0,41*40 

M*M 

U1HU1 

m 

60 

292.71 

0.01738 

7.175 

268.00 

015.5 

1177.6 

0.4270 

:nm 

imun 

m 

62 

294.85 

0,01740 

6,057 

204*30 

9L'M> 

1178.2 

0,4300 

/Ji» 

1*6412 

ija 

64 

296.94 

0.01742 

6.752 

260.45 

912.3 

1178,8 

0,4828 

/2CM!| 

I  AW 

IW 

66 

298.99 

0,01744 

6.560 

268.55 

910.8 

1179.4 

QAim 

.3006 

Ui»«2 

an 

68 

300,98 

0.01746 

6.378 

270.00 

900,4 

1180,0 

0.4383 

Aim 

i  Mm 

m 

70 

302.92 

0.01748 

6.206 

272.61 

907,0 

ti80,6 

0.4400 

.1006 

1A1W 

70 

72 

304.83 

0.01750 

6.044 

274.57 

006.5 

1181.1 

0.4415 

.1857 

uw 

72 

74 

306.68 

0.01752 

5.890 

276,49 

905.1 

1181.6  ' 

0.4460 

.1810 

LfiWt! 

71 

76 

308,50 

0.01754 

5.743 

278,37 

903,7 

1182.1 

0.4484 

.176* 

U&4H 

7ft 

78 

310.29 

0.01755 

5,604 

280.21 

002,4 

1188.6 

0.4I»S 

J72I) 

l.ftlKJH 

73 

80 

312,03 

0.01757 

5.472 

282.02 

001,1 

1183.1 

0.4531 

,1676 

I.flW  | 

m 

,82 

313.74 

0.01759 

5.346 

283.79 

809.7 

1183,3 

0,4554 

,mi 

1.61H7 

m 

84 

315.42 

0.01761 

6.226 

285.53 

808.5 

1184.0 

0.4570 

.1*92 

Ltita 

m 

86 

317.07 

0.01762 

5.111 

287.24 

807.2 

1184.4 

0.4508 

,imi 

l.ftMJ) 

14*1 

88 

318.68 

0.01764 

5,001 

288,91 

895,9 

1184.8  : 

0,4620 

4510 

1.WJ80 

m 

90 

320.27 

0,01766 

4,896 

290.58 

804,7 

1  185,3  ' 

0.4641 

.1471 

1,6112 

m 

92 

321,83 

0.01768 

4.796 

202,18 

803,5 

1185.7 

0,4001 

,1433 

m 

94 

323,36 

0,01769 

4.690 

208,78 

802.3 

1186.1 

0,4683 

.1364 

Lfp07fJ 

w 

96 

324,87 

0,01771 

4.606 

205.34 

SQU 

1188.4  : 

0,4702 

,1338 

1*0060 

fifj 

98 

326,35 

0.01772 

4.517 

200.80 

889,0 

1186*8  i 

0.4721 

1,1322 

I»«M:I 

m 

100 

327.81 

0,01774 

4.432 

208,40 

888.8 

U87  J; 

0,4740 

i  Mm 

iwi 

150 

358,42 

0.01809 

3.015 

330,51 

863*6 

1194*1  i 

0.31H8 

i;*o 

200 

381.79 

0,01839 

2.288 

355.38 

W3.0 

1198*4 

0,5435 

1.00W 

1.6163 

2f>0 

300 

417.33 

0.01890 

1,5433 

393,84 

809*0 

1202,8 

0.028ft 

14H04 

300 

400 

444.59 

0.0193 

ueia 

424,0 

780,5 

1204.5 

0,6814 

1,4844 

400 

500 

467,01 

0.0197 

o.tezs 

449,4 

7d5.0 

1204.4 

1.4034 

aw 
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ps  =  saturation  pressure  of  pure  water  vapor,  pounds  per  square  inch  or  inches  of 
Hg.  Moist  air  can  be  saturated  at  any  given  values  of  temperature  and  pressure, 
though  this  requires  that  it  have  a  definite  humidity  ratio  W&  and  that  the  coexisting 
condensed  phase  contain  a  definite,  but  very  small  quantity  of  dissolved  air.  On  the 
other  hand,  pure  water  vapor  (steam)  cannot  be  saturated  at  any  given  values  of  tem- 
perature and  pressure  because  its  composition  is  invariable.  It  can,  however,  be 
saturated  at  any  given  temperature  (below  the  critical  temperature),  though  this 
requires  that  it  have  a  definite  pressure  p&  and  that  the  coexisting  condensed  phase 
have  the  same  temperature  and  pressure.  The  values  of  saturation  pressure  listed 
in  Table  1  have  been  computed  from  the  formulas  of  Goff  and  Gratch.2 

Thermodynamlc  Properties  of  Water  at  Saturation 

Table  2  offers  revisions  to  existing  steam  table  data3  with  extension 
downward  to  —160  F.  These  revisions  and  extension  were  a  necessary 
preliminary  to  the  construction  of  Table  1.  A  detailed  explanation  of  the 
methods  employed  in  constructing  Table  2  is  given  in  a  paper2  by  John  A. 
Goff  and  S.^  Gratch.  As  in  Table  1  the  temperature  scale  used  as  argument 
in  Table  2  is  the  Fahrenheit  scale  defined  in  terms  of  absolute  temperature 
T  by  Equation  1,  whereas  the  Fahrenheit  scale  used  as  argument  in  existing 
steam  tables  is  that  derived  from  the  International  Centigrade  scale  by 
means  of  Equation  2.  The  symbols  used  as  column  headings  in  Table  2 
are  the  same  as  those  used  in  the  steam  tables  and  have  the  same  meanings  ; 
therefore,  a  detailed  explanation  seems  unnecessary. 

Properties  of  water  above  212  F  from  Keenan  and  Keyes8  are  given  in 
Table  3. 

DEGREE  OF  SATURATION 

At  given  values  of  temperature  and  pressure  the  humidity  ratio  W  of 
moist  air  can  have  any  value  between  zero  (dry  air)  and  W»  (moist  air 
at  saturation).  For  convenience  a  parameter  /*  called  alternatively  degree 

of  saturation  is  introduced  through  the  definition, 

W  -  t*W»  (3) 

Obviously  the  degree  of  saturation  n  can  have  any  value  from  zero  (dry 

air)  to  unity  (moist  air  at  saturation). 
To  a  degree  of  approximation  within  the  estimated  uncertainty  of  the 

TABLB  4,    COEFFICIENTS  A,  0,  C  APPEARING  IN  EQUATIONS  4a,  5a,  6a,  MAXIMUM 
YALOTS  OF  COEBBCTIONS  DBPINBD  BY  EQUATIONS  4a,  5a,  6a.    JJBGKBE  OF 
SATURATION  AT  WHICH  THESE  MAXIMA  OCCUE,  f^.    MAXIMUM  VALUE  OF 

COKKKCTZON  D»FXN»l>  BY  EQUATION  6b.     DBGREB  OF  SATURATION  AT 

WHICH  THIS  MAXIMUM  OCCURS,  ffi». 
(Standard  Atmospheric  Pre$$ure) 


I 
00 

(flVlb.) 

(Bin/lbi) 

(Blu/F/ 
lb.) 

t'nMf 

mvibn) 

km** 

(Bttt/)b«) 

$m&x 

(Btu/F/ 
ibt) 

£» 

*m«x 
(Btu/F/ 
Ib«) 

%» 

96 

0.0018 

0,0286 

0.00004 

0,0004 

0.0069 

0.00001 

0,4925 

0.0015 

0,3650 

112 

0,0042 

0.0050 

0,00009 

0.0010 

0-0155 

0,00002 

0,4878 

0,0025 

0.3632 

128 

0.0096 

0,1430 

0.00020 

0,0022 

0,0832 

0,00005 

0.4805 

0.0040 

0.3602 

144 

0.0215 

0,3149 

0,00042 

0,0047 

0.0603 

0,00009 

0,4091 

0,0065 

0,3557 

160 

0.0487 

0.6969 

0,00091 

0.0090 

0.1418 

0.00019 

0.4511 

0.0106 

0,3485 

170 

0,1109 

L636 

0,00207 

0.0207 

0,2903 

0.00037 

0.4213 

0.0170 

0.3363 

192 

0.3303 

4.608 

D.00567 

0.0451 

0,6180 

0.00070 

O.S062 

0.0333 

0.8129 
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data  in  Table  1  at  temperatures  below  about  150  F,  the  volume  v  of  moist 
air  per  pound  of  dry  air  at  any  degree  of  saturation  M  may  be  computed 
from  the  simple  relation, 

0     S3     tfft    -f~    I*V*»  W 

To  obtain  comparable  accuracy  at  temperatures  above  about  150  F  it  Is 
necessary  to  add  a  correction  term  tl  as  follows, 


(4a) 


where  a  denotes  the  ratio  of  the  apparent  molecular  weight  of  dry  air 
(28  966)  to  the  molecular  weight  of  water  (18.016),  namely,  1.60/8.  in 
Table  4  are  given,  for  each  of  several  higher  temperatures,  the  correspond- 
ing value  of  the  coefficient  A,  the  value  of  /*  at  which  the  correction  term 
v  attains  its  maximum  value,  and  the  maximum  value  of  the  correction 
term  there  attained. 

At  temperatures  below  about  150  F  the  enthalpy  h  of  moist  air  per  pound 
of  dry  air  at  any  degree  of  saturation  /*  may  be  computed  from  the  simple 
relation, 


To  obtain  comparable  accuracy  at  temperatures  above  about  150  F  It  is 
necessary  to  add  a  correction  term  S  as  follows, 


(5a) 


In  Table  4  are  listed  values  of  the  coefficient  B  and  maximum  values  of 
the  correction  term  R,  the  latter  occurring  at  the  same  values  of  p  an  clo 
those  of  the  correction  term  v. 

Unfortunately,  values  of  the  entropy  a  of  moist  air  per  pound  of  dry  air 
computed  from  the  simple  relation, 


Sn  -f  jtf*M  (fi) 


do  not  approximate  the  true  values  as  closely  as  might  be  clawed  except 
at  temperatures  considerably  lower  than  150  F.    Only  a  relatively 
portion  of  the  error  is  contributed  by  the  correction  term 


Table  4  lists  values  of  the  coefficient  C  and  maximum  valu&»  of  the  cor- 
rection terms  §,  the  latter  occurring  at  the  same  values  of  /i  aa  do  of 

the  correction  terms  5  and  H.  The  larger  portion  of  the  error  is  contributed 
by  the  so-called  mixing  entropy.  It  can  be  expressed  as  an  wldiltona! 
correction  term  I  as  follows, 

[(1  +  paWJ  Iogi0(l  +  i*®W»  -  itaW9  log*  00  <0b) 


Maximum  values  of  J  and  the  values  of  M  at  which  they  occur  are  In 

Table  4.    In  Equation  6b  logio  denotes  logarithm  to  the         10* 
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GOFF  DIAGRAM  FOR  MOIST  AIR 

It  is  a  fundamental  proposition  of  thermodynamics  that  when  a  fluid 
flows  across  a  section  fixed  in  space  it  convects  with  it  an  amount  of  energy 
equal  to  its  enthalpy  as  determined  by  the  pressure,  temperature,  and  com- 
position of  the  fluid  at  that  section.  This  fundamental  proposition  provides 
the  correct  procedure  for  applying  the  law  of  conservation  of  ^  energy  to 
the  processes  occurring  most  frequently  in  air  conditioning  practice.  Thus 
if  moist  air  is  flowing  through  a  duct  it  carries  across  any  section  of  the 
duct  energy  of  amount  mh  Btu  per  minute  and  water  of  amount  mW  pounds 
per  minute,  if  m  denotes  the  weight  of  dry  air  crossing  the  section  per 
minute. 

The  foregoing  considerations  suggest  the  importance  of  having  accurate 
knowledge  regarding  the  enthalpy  of  the  fluid  in  question  and  the  desir- 
ability of  using  enthalpy  as  one  of  the  coordinates  in  graphical  representa- 
tion. The  use  of  enthalpy  h  and  humidity  ratio  W  as  coordinates  in  the 
case  of  moist  air  is  due  to  Mollier4.  A  convenient  modification  of  the 
Mollier  diagram  introduced  by  Goff  and  designated  Goff  Diagram  for 
Moist  Air  is  obtained  by  taking  humidity  ratio  W  as  ordinate  and  reduced 
enthalpy  (h-lQQQW)  as  abscissa.  A  Goff  Diagram  modified  in  this  way  is 
enclosed  in  the  envelope  attached  to  the  inside  back  cover  and  an  abridge- 
ment of  the  Diagram  is  shown  in  Fig.  1 . 

The  Goff  Diagram  is  a  constant-pressure  chart,  the  one  provided  with 
this  book  being  drawn  for  standard  atmospheric  pressure  from  the*,  data  in 
Table  1.  Along  the  axis  of  abscissae  (W  =  0,  ju  —  0}  are  plotted  values 
of  the  specific  enthalpy  of  dry  air  &»  at  one-degree  intervals  of  temperature. 
Values  of  humidity  ratio  at  saturation  Ws  plotted  against  values  of  re- 
duced enthalpy  at  saturation  (A6-1000WB)  determine  the  saturation  curve 
GU  =  100  per  cent).  Lines  of  constant  temperature  connect  points  on  the 
saturation  curve  with  corresponding  points  on  the  dry-air  axis  and  are 
inclined  upward  to  the  right.  They  are  drawn  straight  in  accordance  with 
Equations  3  and  5  because  the  curvature  contributed  by  the  correction 
term  5a  is  inappreciable  at  all  temperatures  within  the  range  of  the  chart- 
The  portion  of  each  isotherm  lying  between  the  dry-air  axis  and  the  Hutura- 
tion  curve  is  divided  into  10  equal  parts  by  curves  of  constant  per  cent 
saturation.  The  per  cent  saturation  of  any  point  below  the  saturation 
curve  is  readily  determined  by  linear  interpolation  along  the  isotherm 
through  that  point. 

Each  isotherm  breaks  at  the  saturation  curve  to  incline  upward  to  the 
left  into  the  two-phase  region  above  the  saturation  curvet  The  ordinate 
of  a  point  in  this  region  is  the  total  weight  of  water  in  both  the  vapor 
phase  (moist  air)  and  the  condensed  phase  (liquid  or  Holid)  per  poumj 
of  dry  air  in  both  phases.  Neglecting  the  very  small  amount  of 
air  in  the  condensed  phase,  it  is  the  weight  of  water  in  both  per 

pound  of  dry  air  in  the  vapor  phase.  The  ordizutto  at  the  break  in  the 
isotherm  through  the  point  in  question  is  the  weight  of  water  per  pound  of 
dry  air  in  the  vapor  phase.  Consequently,,  the  difference  between  the  two 
ordinates  is  the  weight  of  condensed  phase  per  pound  of  dry  air  In  tho 
vapor  phase. 

It  has  been  stated  that  the  region  above  the  saturation  curve  I»  tho 
two-phase  region.  This  is  so  except  in  the  wedge  with  on  tho  Hatura- 
tion  curve  at  32  F  where  three  distinct  phases,  namely,  solid,  liquid,  and 
vapor  coexist.  I^n  fact,  this  wedge  separates  the  liquid-vapor  region 
above  the  wedge  from  the  solid-vapor  region  below  it*  A  point  the 

wedge  divides  the  horizontal  liae  extending  through  It  from  one 
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to  the  other  into  two  segments  which  are  in  the  same  ratio  as  are  the  weights 
of  solid  and  liquid.  The  temperature  is  32  F  throughout  the  wedge. 

The  isotherms  in  the  two-phase  regions  above  the  saturation  curve  have 
been  extended  downward  to  the  right  into  the  vapor-phase  region  below 
the  saturation  curve  as  lines  of  constant  thermodynamic  wet-bulb  tempera- 
ture. The  definition  of  thermodynamic  wet-bulb  temperature  will  be 
given  later. 

On  the  Goff  Diagram  provided  with  THE  1950  GUIDE  there  has  been 
drawn  a  protractor  from  which  can  be  determined  the  direction  in  which 
the  state  point  of  a  mixture  of  water  and  dry  air  will  be  moved  by  simul- 
taneous addition  of  energy  and  water  without  addition  of  dry  air.  A  particular 
direction  is  specified  by  the  numerical  value  of  the  ratio  of  energy  to  water 
added  which  ratio  is  designated  as  q  and  called  the  specific  enthalpy  of  water 
added)  Btu  per  pound.  The  protractor  is  useful  in  locating  the  condition 
line  oi  a  cooling  load  or  heating  load  problem. 

DERIVED  PROPERTIES 

Thermodynamic  Wet-bulb  Temperature.  For  any  state  of  moist  air  there 
exists  a  temperature  t*  at  which  liquid  (or  solid)  water  may  be  evaporated 
into  the  air  to  bring  it  to  saturation  at  exactly  this  same  temperature. 
The  humidity  ratio  of  the  air  is  increased  from  a  given  initial  value  W 
to  the  value  W9*  corresponding  to  saturation  at  the  temperature  £*;  the 
enthalpy  of  the  air  is  increased  from  a  given  initial  value  h  to  the  value  h«* 
corresponding  to  saturation  at  the  temperature  £*;  the  weight  of  water 
added  per  pound  of  dry  air  is  WB*  —  W  and  this  adds  energy  of  amount 
(W,*  —  W)  Aw*,  where  &w*  denotes  the  specific  enthalpy  of  the  water  as 
added  at  the  temperature  t*;  therefore,  if  the  process  is  strictly  adiabatic, 

h  +  (W.*  -  W )W  «  V  (7) 

The  solution  of  Equation  7  for  given  values  of  h  and  W  is  called  thermo- 
dynamic wet-bulb  temperature. 

Example  1 ,    Find  the  thermodynamic  wet-bulb  temperature  of  moist  air  at  80  F, 

60  per  cent  saturation,  atmospheric  pressure. 

Solution.  From  the  data  of  Table  1 ,  the  enthalpy  of  the  air  is  h  «  19.221  +  0.50  X 
24.47  «  31.46  Btu/lb  (Equation  5).  To  a  first  approximation  this  is  the  enthalpy 
at  saturation  at  the  thermodynamic  wet-bulb  temperature  which  is  therefore  approxi- 
mately 07  F. 

At  07  F  the  humidity  ratio  at  saturation  is  0.01424  Ib^/lb*  and  the  specific  enthalpy 
of  liquid  wattsr  la  35.11  Btu/lb*.  The  humidity  ratio  of  the  air  is  W  =»  0.50  X 
0,02233  «•  0,01117  Ibw/lb4  (Equation  3)*  Therefore,  to  a  second  approximation,  the 
enthalpy  at  saturation  at  the  thermodynamic  wet-bulb  temperature  is  h»*  »  31.46  -f 
(0,01424*  -  0,01117}  X  35,11  -  31.57  Btu/lb*,  Equation  7.  Interpolation  In  Table  1 
gives  as  final  answer, 

I*  -  06.94  F 

The  answer  can  also  be  read  directly  on  the  Golf  Diagram  at  the  intersection  of 

the  80  F  dry -bulb  and  50  per  cent  saturation  Hues. 

The  psychrometer  is  an  instrument  consisting  of  two  thermometers 
one  of  which  has  the  bulb  covered  with  a  suitable  wick  that  has  been  dipped 

in  liquid  water  and  thoroughly  wetted  by  it.  On  placing  the  wet-bulb  of 
the  instrument  in  an  air  stream,  the  liquid  begins  to  evaporate  from  the 

wick  and  it  Is  usually  assumed  that  such  evaporation  brings  the  air  im- 
mediately adjacent  to  the  wick  to  saturation.  At  first  this  air  may  reach 
saturation  at  a  higher  or  lower  temperature  than  that  of  the  liquid^  on  the 
wick;  but  in  a  relatively  short  time  the  temperature  of  the  liquid  will  have 
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changed  to  approach  equality  with  that  of  the  air  touching  the  wick,  even 
if  this  requires  the  liquid  to  freeze  on  the  wick.  Then  the  liquid  (or  solid) 
will  continue  for  a  time  to  evaporate  into  the  air  stream  at  such  tempera- 
ture as  will  bring  a  portion  of  the  air  stream  to  saturation  at  this  same 
temperature.  This  equilibrium  temperature  is  called  wet-bulb  temperature. 
It  is  clear  that  the  readings  of  an  actual  wet-bulb  thermometer  cannot 
be  regarded  as  values  of  a  thermodynamic  property  of  moist  air  ;  for  these 
readings  are  importantly  affected  by  a  number  of  non-thcrmodynamic 
factors  including  design,  construction,  installation,  and  technique  of  using 
the  instrument.  Thus,  unless  the  wet-bulb  is  effectively  shielded  against 
radiation  from  relatively  warm  surfaces  the  process  will  not  be  strictly 
adiabatic  as  tacitly  assumed  in  writing  Equation  7.  Also,  partial  drying 
of  the  wick  will  prevent  the  air  immediately  adjacent  to  it  from  reaching 
complete  saturation  as  assumed  in  Equation  ?.  A  working  theory  de- 
veloped by  Arnold5  enables  the  calculation  of  corrections  to  be  applied 
to  the  readings  of  the  actual  instrument  in  order  to  make  them  agree  with 
the  values  of  temperature  calculated  from  Equation  7.  Fortunately, 
and  indeed  fortuitously,  these  corrections  can  be  made  small,  but  to  em- 
phasize the  necessity  of  making  them  in  accurate  experimentation,  the 
temperature  defined  by  Equation  7  is  called  thermodynamic  wet-bulb  fcm- 
perature. 

Example  8.  Find  the  degree  of  saturation  of  moist  air  at  90  F  dry-bulb,  03  F 
thermodynamic  wet-bulb,  atmospheric  pressure. 

Solution.    Inserting  numerical  data  from  Table  1  into  Equation  7  gives 

(21.625  +  34.31/*)  +  (0.01235  -  0.031180)  X  31.12  -  28.67 
The  solution  of  this  equation  is  direct  and  the  final  answer  is 

0  «*  19.67  per  cent 

The  per  cent  saturation  may  also  be  read  directly  at  intersection  of  90  F  dry-bulb 
and  63  F  thermodynamic  wet-Dulb  lines  on  the  Goff  Diagram, 

Example  S.  Find  the  temperature  to  which  moist  air  initially  saturated  ftt  40  F 
and  at  standard  atmospheric  pressure  must  be  heated  in  order  to  havo  a  thormo* 
dynamic  wet-bulb  temperature  of  60  F, 

Solution*  On  the  Gpff  Diagram  follow  a  horizontal  line  from  the  ftaturittion  curve 
at  40  F  to  its  intersection  with  the  60  F  thermodynamic  wet-bulb  line  and  read  tits 
corresponding  temperature  directly. 

Inserting  numerical  data  from  Table  1  into  Equation  7»  this  becomes 


k  +  0.005213WW*  -  26.46  ~~  (0.01108  -  0.00521S)  X  28.12  « 

At  85  F  the  left-hand  member  of  this  equation  has  the  value  26447;  *t  80  F  It* 
is  26.389;  by  linear  interpolation  the  answer  is;  t  «  85*61  F* 

Dew-Point  Temperature.    Corresponding  to  any  given  of 

air  there  exists  another  state  on  the  saturation  curve  having  the 
humidity  ratio  W  and  same  pressure  p  as  the  given  state,    T!ie 
ture  at  this  other  state  on  the  saturation  curve  Is  called  the 
temperature  of  the  given  state.    Obviously,  if  moist  air  is  at  con* 

stant  pressure  and  constant  humidity  ratio  it  will  reach  mtturution  whan 
its  temperature  falls  to  a  value  equal  to  its  dew-point  TMs 

will  usually  be  marked  by  the  first  appearance  of  a 
phase.    In  one  type  of  dew-point  apparatus  a  01  air 

is  passed  over  a  mirror  which  can  be  cooled  by  and 

whose  temperature  can  be  accurately  measured*    The 
perature  at  which  the  intensity  of  light  reflected  from  the  is  *b» 

ruptly  diminished.by  condensation  is  taken  to  be  th* 
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of  the  air  sample.    Examples  4  and  5  illustrate  the  relation  between  the 
dew-point,  degree  of  saturation  and  dry-bulb  temperature, 

Example  4.  Find  the  dew-point  temperature  of  moist  air  at  80  F  ,  50  per  cent  satu- 
ration, atmospheric  pressure. 

Solution.  On  the  Goff  Diagram  follow  a  horizontal  line  from  a  given  state  point 
{80  F,  50  per  cent)  to  the  saturation  curve  and  read  the  temperature  at  the 

intersection. 

To  solve  from  Table  1  : 

From  the  data  in  Table  1,  the  humidity  ratio  of  the  air  is  IF  =  0.50  X  0.02233  » 
0.01117  lbw/lb?.  By  interpolation  this  is  found  to  be  the  humidity  ratio  at  saturation 
at  60.22  P  which  is  therefore  the  required  answer, 

Example  5.  Find  the  degree  of  saturation  of  moist  air  at  90  F  dry-bulb,  40  F  (dew- 
point),  atmospheric  pressure. 

Solution.  On  the  Goff  Diagram  follow  a  horizontal  line  from  40  F  on  the  saturation 
curve  to  the  90  F  isotherm  (dry  -bulb)  and  read  the  degree  of  saturation  directly. 

To  solve  from  Table  1  : 

From  the  data  in  Table  1,  the  humidity  ratio  of  the  air  must  be  W  =*  0,005213. 
But  the  humidity  ratio  at  saturation  at  90  i?  is  0.03118;  hence  the  degree  of  saturation 
is 

M  -  0.005213/0.03118  «  16.72  per  cent 

TYPICAL  AIR  CONDITIONING  PROCESSES 

The  use  of  Table  1  and  the  Goff  Diagram  in  analyzing  typical  air  condi- 
tioning processes  is  best  explained  by  means  of  illustrative  examples. 
In  each  of  the  following,  it  is  to  be  understood  that  the  process  in  question 
takes  place  at  a  constant  pressure  of  29,921  in.  Hg,  or  standard  atmospheric 
pressure. 

Heating 

The  process  of  adding  heat  to  moist  air  is  represented  by  a  horizontal 
line  on  the  Goff  Diagram,  The  length  of  the  line  between  the  initial 
and  final  state  points  is  the  increase  of  reduced  enthalpy  ;  but,  since  the 
humidity  ratio  is  constant,  it  is  also  the  increase  of  enthalpy  itself  and 
therefore  the  quantity  of  heat  added  per  pound  of  dry  air. 

Example  6*  Air  initially  at  20  F,  80  per  cent  saturation  is  heated  to  120  F.  Find 
the  quantity  of  heat  required  to  process  20,000  cfra  of  heated  air. 

Solution.  From  the  data  in  Table  1  :  the  initial  humidity  ratio  is  0.80  X  0,002152  « 
0.001722  lhw/H>»;  the  initial  enthalpy  is  4.804  4-  0.80  X  2.302  «  6,640  Btu/lba;  the  final 

degree  of  saturation  is  0,001722/0,0$!  49  «  2.113  per  cent;  the  final  enthalpy  is  28.841  -f 
0,02113  X  00JO  *  30757  Btu/lb»- 

It  may  foe  supposed  that  the  air  is  heated  between  two  sections  of  a  duct.  The 
quantities  of  energy  eonvectnd  across  the  two  sections  per  pound  of  dr^  air  crossing 

them  are  the  two  enthalpies  calculated.    Conservation  of  energy  requires  that  the 
diflferenee  between  these  two  enthalpies  be  the  quantity  of  heat  added;  thus, 


m  30.757  -  6*646  «  24.111  Btu/lba. 

611  4-  0*02113  X  1.905  -  14.651  cu  ft/l 

cessed,  the  total  quantity  of  heat  req 

«  24.111  X  20,000/14.651  -  32,914  Btu  per  minute. 


The  final  volume  is  14.611  4-  0*02113  X  1.905  -  14.651  cu  ft/lb*.    Since  20,000  eta 

of  heated  air  Is  to  be  processed,  the  total  quantity  of  heat  required  is 


Ott 


the  QoUt  Diagram  the  process  Is  represented  by  the  horizontal  line  AB,  Fig,  2. 
whose  length  is  the  quantity  of  heat  added  per  pound  of  dry  air.  The  reduced 
enthalpy  at  A  is  4.92  While  that  at  B  is  29,03,  both  being  read  directly  from  the  chart. 
Since  humidity  ratio  is  constant  the  difference  between  these  reduced  enthalpies  la 
the  difference  between  the  enthalpies  themaelves,  namely,  24,11  £tu/ib». 
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FIG.  2,    ILLUSTRATION  OF  USE  OF  GOFF  DIAGRAM  IN  SOLUTION  OF  EXAMPLE  0 
Cooling 

The  process  of  cooling  moist  air  is  also  represented  by  a  horizontal  line 
on  the  Goff  Diagram.  The  line  may  extend  across  the  saturation  curve 
into  the  two-phase  region,  nevertheless,  the  length  of  the  line  between  the 
initial  and  final  states  is  the  quantity  of  heat  removed,  or  refrigeration  sup- 
plied, per  pound  of  dry  air.  By  following  the  final  isotherm  downward  to 
the  right  to  the  saturation  curve  and  reading  the  ordinate  there,  the  weight 
of  water  vapor  per  pound  of  dry  air  in  the  vapor  phase  Is  determined. 
The  difference  between  the  initial  humidity  ratio  and  this  ordinate  is  the 
weight  of  condensed  phase  per  pound  of  dry  air  in  the  final  Mate* 

Example  7.  Air  at  95  F  and  50  per  cent  saturation  is  cooled  to  70  F.  Find  th« 
refrigeration  required  to  process  20,000  cfm  of  uncoolod  air, 

Solution.  From  the  data  in  Table  1 :  the  initial  humidity  ratio  IB  0.60  X  0,03073  » 
0.01837  lbw/lba;  the  initial  enthalpy  is  22.827  -f  0.50  X  40.40  «  43,072  Bfen/lf%;  the 
humidity  ratio  at  saturation  at  the  final  temperature  is  0.01682  lb*/Itv>  the  quantity 
of  liquid  formed  is  0.01837  -  0.01582  -  0.00255  lbw/lb»;  the  enthalpy  of  the  final  two- 
phase  mixture  is  34.09  +  0.00255  X  38.11  «  34.187  Btu/lb»- 


15.62 


24.70 
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FIG,  3.    ILLUSTRATION  OF  USB  OF  GOPF  DIAGRAM  IK  SOLUTION  or  7 
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It  may  be  supposed  that  the  air  is  cooled  between  two  sections  of  a  duct.  The 
quantities  of  energy  convected  across  the  two  sections  per  pound  of  dry  air  crossing 
them  are  the  two  enthalpies  calculated.  Conservation  of  energy  requires  that  the 
difference  between  these  two  enthalpies  be  the  quantity  of  heat  removed,  or  refrigera- 
tion supplied,  between  the  two  sections.  Therefore, 

-A^B  =  43,072  -  34.187  =  8.885  Btu/iba 

The  initial  volume  is  13.980  4-  0.50  X  0.822  =  14.391  cu  ft/lba.  Since  20,000  cfm 
of  air  is  to  be  processed,  the  total  refrigeration  required  is 

~A(?B  -  8.885  X  20,000  *  14.391  -  12,348  Btu  per  min 

On  the  Goff  Diagram  the  process  is  represented  by  the  horizontal  line  AB,  Fig.  3, 
whose  length  is  the  quantity  of  refrigeration  required  per  pound  of  dry  air. 

Adiabatic  Mixing  of  Two  Air  Streams 

A  typical  air  conditioning  process  requiring  special  analysis  is  the  adi- 
abatic  mixing  of  two  air  streams.  Referring  to  Fig.  4,  let  mi,  m2,  w3  denote 
the  weights  of  dry  air  convected  across  sections  FI,  F2,  F3,  respectively, 


FIG.  4.    ADIABATIC  MIXING  OF  2  AIR  STREAMS 


per  minute.  Then  niiWi,  m$W}9  m%Wz  and  mi/ii,  m^  mjiz  will  denote 
the  weights  of  water  and  the  quantities  of  energy  similarly  convected.  If 
the  mixing  is  adiahatic,  it  must  be  governed  by  the  three  equations, 


Elimination  of  m®  gives, 


-  hi       W3  -  Wi       ma 


(9) 


according  to  which;  on  the  Goff  Diagram  the  slate  point  of  the  resulting 
mixture  lies  on  the  straight  line  connecting  the  stale  points  of  the  two  streams 
bmng  mixed  and  divides  the  line  into  two  segments  which  are  in  the  same  ratio 

as  are  the  weights  of  dry  air  in  the  two  streams, 

Example  8,  Outside  Air  at  0  F  and  80  per  cent  saturation  is  to  be  mixed  adiabatic- 
ally  with  recirculatetl  Inside  Air  at  70  F  and  20  per  cent  saturation  in  the  ratio  of  one 
pound  of  dry  air  in  the  former  to  seven  in  the  latter.  Find  the  temperature  and 

degree  of  saturation  of  the  resulting  mixture. 

Solution.    The  humidity  ratio  Wi  and  the  enthalpy  h»  of  the  resulting  mixture 

must  satisfy  Equation  9y  namely, 


Wt-  O.OOW30        h  -  0.668 
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FIG.  5.    ILLUSTRATION  OF  USE  OF  GOFF  DIAGBAM:  IN  SOLUTION  OF  EXAMPLE  8 
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from  which:  W$  =  0.002847,  h*  =  17.820.  At  the  temperature  of  the  resulting  mix- 
ture, therefore, 

ha  +  0.002847  haa/W*  =  17.820 

At  61  F  the  left-hand  member  of  this  equation  has  the  value  17.750 ;  at  62  IF  its  value  is 
17.991 ;  by  interpolation  the  temperature  of  the  resulting  mixture  is  61.29  F  where  the 
humidity  ratio  at  saturation,  also  by  interpolation,  is  0.01161;  hence  the  degree  of 
saturation  of  the  resulting  mixture  is 

/*  =  0.002847  -r  0.01161  «  24.52  per  cent 

On  the  Goff  Diagram,  Fig.  5,  a  straight  line  is  drawn  between  point  1  (0  F,  80  per 
cent)  and  point  2  (70  F,  20  per  cent) ;  then  point  3  is  located  on  the  line  one-eighth  of 
the  distance  from  point  2  to  point  1.  The  temperature  and  degree  of  saturation  at 
point  3  are  read  directly. 

Adiabatic  Mixing  with  Injected  Water 

Another  typical  air  conditioning  process  is  that  of  injecting  water  into 
an  air  stream  to  mix  with  it  adiabatically.  Let  W*  ~  W\  denote  the 
increase  in  humidity  ratio  of  the  air;  this  is  obviously  the  quantity  of 
water  injected  per  pound  of  dry  air;  it  follows  that  the  quantity  of  energy 
injected  per  pound  of  dry  air  is  (W%  —  TFi)Aw,  where  /&w  denotes  the  specific 
enthalpy  of  the  water  as  injected ;  if  the  process  is  adiabatitj  this  produces 
an  equal  increase  in  the  enthalpy  of  the  air,  namely,  fe2  -J  hi ;  therefore, 

fe  -  Ai  -  M*T«  -  Wi)  '  (10) 

according  to  which :  the  process  of  injecting  water  into  an  air  stream  lo  mix 
adiabatically  with  it  is  represented  by  a  straight  line  on  the  Goff  Diagram 
whose  direction  is  fixed  by  the  specific  enthalpy  of  the  water  as!  injected.  The 
protractor  drawn  on  the  Goff  Diagram  provided  with  this  b'pok  provides  a 
convenient  means  for  determining  this  direction.  jj 

Example  &,  It  Is  desired  to  increase  the  humidity  ratio  of  air  at  70  F  dry -bulb, 
without  changing  its  temperature.  Under  what  conditions  may  water  be  injected  in 
order  to  accomplish  the  desired  result? 

Solution*  At  70  F  the  increase  of  enthalpy  per  unit  increase  of  humidity  ratio  is 
h*»/W*  -  17.27  -i-  0.015S2  «*  1092  Btu  per  pound  of  water.  This  must  be  the  specific 
enthalpy  of  the  water  added  if  the  state  point  of  the  air  is  to  be  moved  along  the  70  F 
isotherm.  Saturated  steam  at  668  F  has  this  specific  enthalpy3, 

On  the  Goff  Diagram,  Fijj.  6,  it  is  seen  that  the  70  F  isotherm  is  parallel  to  th©  line 
on  the  protractor  for  a  specific  enthalpy  of  1092  Btu  per  pound. 

Adkbatic  Saturation 

Any  process  by  which  the  state  point  of  moist  air  is  moved  to  the  satura- 
tion curve  adiabatically  may  properly  be  called  adiabatic  saturation. 

Example  10,  Liquid  water  chilled  to  35  F  is  evaporated  into  an  air  stream  initially 
at  90  F  and  50  per  cent  saturation.  How  much  water  must  be  evaporated  to  bring 
the  air  to  saturation  at  what  temperature? 

Solution*  The  initial  enthalpy  of  the  air  is  21 .025  -f  0.60  X  34.31  «  88.780  Btu/lb. : 
the  initial  humidity  ratio  is  0,50  X  0,03118  *•  0.01559  lbw/lba;  the  specific  enthalpy  of 
the  chilled  water  is  $M  Btu/Ibw;  therefore,  th©  temperature  at  which  the  air  reaches 
the  saturation  curve  must  be  such  that  tae  enthalpy  h»  and  humidity  ratio  W»  at 
saturation  satidfy  the  equation, 

k»  ~  (W»  -  0.01559)  X  3.00  «  38.780 

The  solution  is  75.19  F  where  the  humidity  ratio  at  saturation  is  0.01S94;  conse- 
quently t  the  weight  of  water  evaporated  is  0.01894  -  0.01559  ••  0.00335  Ib  per  pound 
of  dry  air* 

On  the  Goff  Biiigwm,  Fig,  7t  a  line  is  drawn  through  the  initial  fttate  pomt  (00  F» 
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50  per  cent  saturation)  in  the  direction  given  by  the  protractor  for  a  specific  enthalpy 
of3.06Btu/lbw. 

If  air  is  saturated  adiabatically  with  spray  water  which  is  recirculated, 
the  water  will  ultimately  assume  a  temperature  such  that  the  air  is  brought 
to  saturation  at  exactly  the  same  temperature;  that  is,  the  water  will 
assume  the  thermodynamic  wet-bulb  temperature  of  the  air. 

Example  1 1 .  Air  at  75  F  and  60  per  cent  saturation  is  saturated  adiabatically  with 
recirculated  spray  water.  Find  the  resulting  temperature  and  the  weight  of  water 
added  per  pound  of  dry  air, 

Solution.  In  view  of  the  foregoing  remarks  the  solution  of  this  example  reduces 
to  the  determination  of  the  thermodynamic  wet-bulb  temperature  of  the  air.  Its 
humidity  ratio  is  0.60  X  0.01882  =  0.01129;  its  enthalpy  is  18.018  +  0.60  X  20.59  » 
30.372;  Equation  7  defining  thermodynamic  wet-bulb  temperature  becomes 

/IB*  -  (Ws*  -  0.01129)/iw*  »  30.372 

At  65  F  the  value  of  the  left-hand  member  is  29.995;  at  66  F  its  value  is  30.746 ;  by  inter- 
polation the  thermodynamic  wet-bulb  temperature  is  65.51  F  where  the  humidity 
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FIG. '8.    ILLUSTEATION  OF  USB  OF  GOFF  DIAGRAM  IN  SOLUTION  OF  EXAMINE  II 

ratio  at  saturation  is  0.01350;  consequently  the  weight  of  water  added  Is  0.01350  — 
0.01129  «=  0.00221  Ib  per  pound  of  dry  air. 

On  the  Goff  Diagram,  Fig.  8,  the  process  is  represented  by  the  line  AB  which  ifi  a 
segment  of  the  65.51  F  thermodynamic  wet-bulb  lino.  The  difference  bittwmi  tho 
ordinates  at  B  and  at  A  is  the  weight  of  water  added  per  pound  of  dry  air. 

Cooling  Load 

The  problem  of  calculating  the  cooling  load  for  an  air  conditioned  space 
usually  reduces  to  the  determination  of  the  quantity  of  inside  air  that 
must  be  withdrawn  and  the  condition  to  which  it  must  be  brought  by 
suitable  processing  so  that  its  return  to  the  conditioned  space  will  have  the 
net  effect  of  removing  given  amounts  of  energy  and  water  from  tho  ftpftcc. 

Let  M  denote  the  weight  of  dry  air  withdrawn  with  air  per  hour. 

With  it  will  be  withdrawn  energy  of  amount  Mhi  and  water  of  amount 
MWi  per  hour,  where  hi  and  Wi  denote  the  enthalpy  and  humidity  ratio 
of  the  inside  air,  respectively.  The  weight  of  dry  air  returned  with  the 
conditioned  air  will  necessarily  be  the  same  as  that  withdrawn  with  tho 
inside  air,  but  with  it  must  be  returned  a  smaller  quantity  of  Afh 

and  a  smaller  quantity  of  water  MW.  Let  AQ  and  &W  denote  the 
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amounts  of  energy  and  water  to  be  removed  from  the  conditioned  space 
per  hour ;  then 

Mh    «  Mhi  -  AQ 

MW  =  MWi  -  AF 

Eliminating  M  and  letting  q  denote  the  ratio  of  energy  removed  to  water 
removed,  that  is,  q  =  AQ/ATF, 

h  -  hi 

-  <Z  (11) 


W  -  Wi 

according  to  which :  all  possible  states  for  the  conditioned  air  lie  on  a  straight 
line  on  the  Goff  Diagram  passing  through  the  state  point  of  the  inside  air  in 
the  direction  specified  by  the  numerical  value  of  the  ratio  q.  This  line  is 
called  the  condition  line  for  the  given  problem.  If  the  condition  line  crosses 
the  saturation  curve,  the  point  of  intersection  is  called  the  apparatus  dew- 
point  for  the  given  problem. 

The  protractor  of  the  Goff  Diagram  facilitates  the  drawing  of  the  condi- 
tion line  and  the  locating  of  the  apparatus  dew-point.  For  this  purpose  the 
numerical  value  of  the  ratio  q  is  to  be  regarded  as  a  value  of  the  specific 
enthalpy  of  water  added,  Btu  per  pound. 

Example  12.  A  condition  of  80  F  dry -bulb,  and  67  F  thermodynamic  wet-bulb,  is 
to  be  maintained  in  a  clothing  store,  outside  conditions  being  95  F  dry -bulb,  and  75 
F  thermodynamic  wet-bulb.  The  energy  gain  from  normal  heat  transmission  is  esti- 
mated at  16,000  Btu  per  hour,  that  from'solar  radiation  at  48,000  Btu  per  hour.  The 
energy  generated  by  lights,  fans,  etc.,  is  estimated  at  13,900  Btu  per  hour.  The  venti- 
lation requirement*  is  30,000  cu  ft  per  hour.  The  number  of  occupants  is  50.  Find 
the  apparatus  dew-point. 

Solution.  The  properties  of  inside  air  and  outside  air  are  readily  calculated  from 
the  data  in  Table  1,  see  especially  Example  2. 

INSIDB  Am  OTJTSIDE  AIR 

p      «         0.5024  0.3848 

h     -       31.514  38.408 

W    -         0.01122  0.01413 

9      -  —  14.296 

The  weight  of  dry  air  entering  with  the  ventilating  air  is  30,000/14.296  «  2098.5  Ib 
per  hour  which  brings  with  it  energy  of  amount  2098.5  X  38.408  »  80.595  Btu  per  hour 
and  water  of  amount  2098.5  X  0,01413  «  29.659  Ib  per  hour. 

The  weight  of  dry  air  displaced  from  the  store  by  the  ventilating  air  is  2098.5  Ib  per 
hour  which  takes  with  it  energy  of  amount  2098.5  X  3L514  «  66,132  Btu  per  hour  and 
water  of  amount  2098.5  X  0.01122  «  23.541  Ib  per  hour. 

Each  occupant  may  be  regarded  as  a  normal  person  standing  at  rest  and  evaporat- 
ing (1386  grama)  0.198  Ib  of  water  per  hour  (value  obtained  by  interpolation  between 
Curves  D  and  C  Fig,  7f  Chapter  6)  at  about  79  F.  From  this  source  there  is  water 
of  amount  50  X  0198  «  9.90  Ib  per  hour  and  energy  of  amount  9.90  X  1095.7  «  10,847 
Btu  per  hour  added  to  the  conditioned  space.  In  addition  each  occupant  loses  225 
Btu  per  hour  by  conduction,  convection,  and  radiation,  making  a  total  for  50  persons 
of  11,300  Btu  per  hour, 

The  not  energy  gain  h  16,000  +  48,000  +  13,900  +  80,595  -  66,132  +  10,847  + 
11 ,300  «  114,510  Btu  per  hour.  The  net  water  gain  is  29.659  -  23.541  +  9.90  -  16.018 
Ib  par  hour.  Accordingly  the  direction  of  the  condition  line  is  fixed  by  the  ratio,  q  — 
114,510  -*•  16,018  *  7148.8  Btu  per  pound  of  water, 

On  the  Goff  Diagram,  Fig.  9,  the  direction  of  the  condition  lino  is  given  by  the  pro- 
tractor for  a  specific  enthalpy  of  water  added  of  7148.8  Btu  per  pound.  The  line  itself 
passes  through  the  state  point  of  the  inside  air  and  intersects  the  saturation  curve  at 
the  apparatus  dew-point. 

According  to  Equation  11  the  enthalpy  h*  and  humidity  ratio  W»  at  the  apparatus 
dew-point  must  satisfy  the  equation 
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FIG.  9.    ILLUSTEATION  OF  USB  OF  GOFF  DIAGRAM  IN  SOLUTION  OF  EXAMPLE  12 


At  58  F  the  left-hand  member  has  the  value  48.513 ;  at  59  F  its  value  is  50.641 ;  by  inter- 
polation the  apparatus  dew-point  is  58.08  F. 

It  would  be  a  mistake  to  assume  that  the  refrigeration  to  be  supplied  is 
equal  to  the  net  energy  to  be  removed ;  for  in  general  water  is  to  be  removed 
simultaneously,  and  unless  this  is  removed  as  liquid  at  32  F  it  will  auto- 
matically take  some  energy  with  it.  Thus,  unless  the  water  is  removed 
as  solid  (ice)  the  refrigeration  to  be  supplied  will  be  somewhat  leas  than 
the  net  energy  to  be  removed. 

Example  IS.  Referring  to  the  cooling  load  problem  of  Example  12,  suppose  that 
the  conditioning  process  consists  of  cooling  a  portion  of  the  inside  air  to  the  apparatus 
dew-point  temperature,  separating  out  the  liquid  thus  formed,  arid  returning  the 
resulting  saturated  mixture  to  the  conditioned,  space.  Find  the  quantity  of  inside 

air  that  must  be  processed  in  this  manner  and  the  corresponding  quantity  of  refrig- 
eration required. 
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Solution.    During  the  cooling  operation  the  enthalpy  of  the  inside  air  is  reduced 

to  the  value, 

h  =  25.17  4-  (0.01122  -  0.01033)  X  26.20  =  25.193 

where  25.17  and  0.01033  are  the  values  of  enthalpy  and  humidity  ratio  at  saturation 
at  the  apparatus  dew-point  temperature  and  26.20  is  the  specific  enthalpy  of  liquid 
water  at  that  temperature.  It  follows  that  the  quantity  of  refrigeration  required  is 
31.514  -  25.193  =  6.321  Btu  per  pound  of  dry  air. 

The  inside  air  being  processed  leaves  the  store  with  an  enthalpy  of  31.514  and  is 
returned  with  an  enthalpy  of  25.17;  it  therefore  removes  energy  of  amount  6.344  Btu 
per  pound  of  dry  air.  This  means  that  the  weight  of  dry  air  involved  in  the  process 
is  114,510/6.344  =  18,050  Ib  per  hour  and  that  the  total  refrigeration  to  be  supplied 
is  18,050  X  6.321  =  114,090  Btu  per  hour,  or  9.508  tons. 

The  quantity  of  liquid  separated  out  during  the  conditioning  process  is  18,050  X 
(0.01122  -  0.01033)  «  16.018  Ib  per  hour  as  required.  In  leaving  the  apparatus  it 
takes  with  it  energy  of  amount  16.018  X  26.20  =  420  Btu  per  hour.  This  plus  the 
refrigeration  accounts  for  the  total  energy  removal  of  114,510  Btu  per  hour  as 
required. 

On  the  Goff  Diagram,  Fig.  10,  the  cooling  operation  is  represented  by  line  AB 
whose  length  is  the  quantity  of  refrigeration  per  pound  of  dry  air :  the  separation  of 
the  liquid  formed  in  the  cooling  operation  is  represented  by  line  BC  whose  projection 
on  the  ordinate  axis  is  the  quantity  of  liquid  so  separated  per  pound  of  dry  air.  Point 
C  is  the  apparatus  dew-point  and  lies  on  the  condition  line  as  required. 

In  practice  it  may  not  be  feasible  to  choose  the  apparatus  dew-point  as 
the  point  on  the  condition  line  to  which  to  condition  the  inside  air  because 
to  do  so  would  require  an  excessive  number  of  air  changes  in  the  given 
space.  Or  it  may  be  that  the  condition  line  does  not  cross  the  saturation 
curve  at  all  so  that  the  apparatus  dew-point  as  defined  does  not  exist. 
Finally,  it  is  rarely  possible  to  obtain  complete  saturation  in  conventional 
air  conditioning  apparatus.  Nevertheless  the  requirements  of  the  cooling 
load  problem  can  be  exactly  met  if  the  conditioned  air  is  brought  to  any 
point  on  the  condition  line  of  the  problem. 

Heating  Load 

The  condition  line  is  also  useful  in  the  analysis  of  heating  load  problems 
as  may  best  be  illustrated  by  means  of  an  illustrative  example. 

Example  14-  A  certain  space  is  to  be  maintained  at  70  F  and  50  per  cent  saturation 
with  outside  conditions  at  0  F  and  80  per  cent  saturation.  The  normal  heat  trans- 
mission through  walls,  partitions,  floor,  roof,  glass  and  doors  is  estimated  at  75JOOO 
Btu  per  hour.  Energy  gained  from  lights  and  appliances  is  estimated  at  15,000  Btu 
per  hour.  Energy  and  water  ijains  from  occupants  are  to  be  disregarded  in  the  calcu- 
lations* Double  "doors  and  windows  are  used  so  that  infiltration  is  negligible.  The 
ventilation  requirement  is  30,000  cu  ft  per  hour  of  outside  air. 

The  requirements  of  the  problem  are  to  be  met  in  the  following  manner;  preheat 
the  ventilating  air;  mix  it  adiabaticaUy  with  recalculated  inside  air ;  saturate  the  mix- 
ture adiabatlcally  with  reeireulated  spray  water;  heat  the  resulting  mixture  to  105  F 
and  return  it  to  the  conditioned  space  as  supply  air. 

Analysis,  Every  pound  of  dry  air  admitted  to  the  system  (air  conditioned  space 
plus  air  conditioning  apparatus)  with  the  ventilating  air  displaces  a  pound  of  dry  air 
from  the  system  with  inside  air*  Since  the  ventilating  air  is  not  admitted  directly  to 
the  space*  then  for  every  pound  of  dry  air  withdrawn  with  in&ide  air  there  is  a  pound 
of  dry  air  returned  with  supply  air.  This  has  to  have  the  net  effect  of  adding  energy 
of  amount  00,000  Btu  per  hour  and  water  of  amount  $«r0  pounds  per  hour.  Thus  the 
ratio  q  determining  the  direction  of  the  condition  line  is  infinite,  which  means  that 
the  condition  line  in  horizontal  as  indicated  by  the  protractor  on  the  Goff  Diagram, 

The  properties  of  inside  air  are:  h  **  26,451,  W  «•*  0*007910.  Since  the  state  point 
of  the  iupply  air  must  be  on  the  condition  line  at  105  F,  its  properties  are:  h  »  33.986, 
W  «•  0.007916,  Therefore  the  weight  of  dry  air  withdrawn  with  inside  air  and  re- 
turned with  supply  mr  is  00,000  *  (38*086  -  25.461)  «  7029.0  Ib  per  hour. 

The  properties  of  outride  air  are:  h  »  0.668,  If*  0.0QG6208, 9  ***  1L500.  Therefor©, 
the  weight  of  dry  air  Introduced  Into  the  system  with  the  ventilating  air  is  S0»000  4- 
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11.590  «  2588.4  Ib  per  hour.  This  ventilating  air  is  to  be  mixed  adiabatically  with 
inside  air  containing  7029.9  -  2588.4  =  4441.5  Ib  of  dry  air  per  hour;  therefore,  the 
humidity  ratio  of  the  mixture  must  be  (2588.4  X  0.0006298  +  4441.5  X  0.007910)  + 
7029.9  «  0.005229. 

The  condition  line  crosses  the  saturation  curve  at  50.86  F  where  the  enthalpy  is 
20.782  and  the  humidity  ratio  is  0.007910.  This  is  the  state  point  to  be  reached  by 
adiabatic  saturation  of  the  mixture  of  ventilating  air  and  inside  air  with  recirculated 
spray  water.  Accordingly,  the  state  point  of  the  mixture  must  lie  on  the  50.86  F 
thermodynamic  wet-bulb  line  so  that  its  enthalpy  must  have  the  value, 

h  «  20.782  -  (0.007910  -  0.005229)  X  18.97  =  20.731 

This  requires  that  the  enthalpy  of  the  preheated  ventilating  air  have  the  value, 
h  «  (7029.9  X  20.731  -  4441.5  X  25.451)  +•  2588.4  =  12.632 

Since  the  humidity  ratio  of  the  preheated  ventilating  air  is  known  to  be  0.0006298,  its 
temperature  is  readily  found  to  be  49.75  F. 

The  quantity  of  heat  required  for  preheating  the  ventilating  air  Is  2588.4  X 
(12.632  -  0.668)  «  30,968  Btu  per  hour;  that  to  be  added  to  the  supply  air  is  7029.9  X 
(33.986  -  20.782)  =  92,823  Btu  per  hour;  the  energy  added  with  the  spray  water  is 
7029.9  X  18.97  X  (0.007910  -  0.005229)  ~  357  Btu  per  hour;  that  introduced  into  the 
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FIG.  11.    ILLTJSTKATION  OF  USB  OF  GOFF  DIAGBAM  IN  SOLUTION  or  KXAMPLB  14 

system  with  the  ventilating  air  is  2588.4  X  0.608  «  1729  Btu  per  hour;  that  earned  out 
of  the  system  with  the  inside  air  displaced  by  the  ventilating  air  is  X  25,481  « 

65,877  Btu  per  hour;  therefore,  the  net  energy  added  to  the  system  ii  30J1IIM  4- 
92,823  4-  357  +  1729  -  65,877  -  60,000  Btu  per  hour  as  required, 

On  the  Goff  Diagram.  Fig.  11,  point  A  is  the  state  point  of  the  air.    The 

condition  line  is  horizontal  so  that  point  D  is  the  state  point  of  the  tuppty  air.  The 
condition  line  crosses  the  saturation  curve  at  point  C  so  that  the  point  of  the 

mixture  of  preheated  ventilating  air  and  inside  air  before  adfabatic  saturation  with 
recirculated  spray  water  must  lie  somewhere  on  the  thermodynamic  wet-bulb  lino 
through  C.  The  state  point  of  the  ventilating  air  is  point  B,  ftence  that  of  this  pre- 
heated ventilating  air  must  lie  somewhere  on  the  horizontal  line  through  B,  If* 
location  is  determined  graphically  by  finding  the  straight  line  AF  wMeli  is  cut  by  the 
thermodynamic  wet-bulb  line  through  C  into  two  segments  *uoh  AK:A>  » 

2588.4:7029,9.  The  length  of  the  line  BP  is  the  quantity  of  heat  required  for  pre- 
heating the  ventilating  air  per  pound  of  dry  air;  the  length  of  the  fine  00  Ii  the 
quantity  of  heat  to  be  added  to  the  supply  air,  per  pound  0!  dry  air. 

WET-BULB  TEMPERATURES  BELOW  32  P 

A  condition  in  which  the  water  evaporating  from  the         of  awot-buib 
thermometer  remains  liquid  at  82  F  or  lower  is  one  of  ecpi- 
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librium  and  should  therefore  not  be  expected  to  occur  In  practice.  The 
evidence  that  it  does  sometimes  occur  appears  to  be  indirect  and  incon- 
clusive. Stable  equilibrium  requires  that  the  water  freeze  at  32  F  or 
lower  and  is  the  condition  to  be  expected  in  practice.  On  the  Goff  Diagram 
the  lines  of  constant  thermodynamic  wet-bulb  temperature  have  been 
drawn  for  stable  equilibrium  only.  In  other  words  it  has  been  assumed 
that  the  water  evaporating  from  the  wick  of  the  wet-bulb  thermometer 
freezes  when  its  temperature  falls  to  32  F  or  lower. 

Example  15.  Find  the  temperature  at  which  dry  air  has  a  thermodynamic  wet- 
bulb  temperature  of  32  F. 

Solution.  If  it  is  assumed  that  the  water  evaporating  from  the  wick  of  the  wet- 
bulb  thermometer  remains  liquid,  the  specific  enthalpy  of  the  dry  air  must  have  the 
value 

A.  -  11.758  -  0.04  X  0.003788  -  11.758 

corresponding  to  which  the  temperature  is  48.95  F  .  On  the  other  hand  if  it  is  assumed 
that  the  water  freezes,  the  specific  enthalpy  of  the  dry  air  must  have  the  value, 

h&  =  11.758  +  143.36  X  0.003788  «  12.301 

corresponding  to  which  the  temperature  is  51.21  F.  The  second  assumption  is  the 
assumption  of  stable  equilibrium  and  should  be  expected  to  represent  the  actual 
situation. 

The  corresponding  answer,  namely  51.21  F,  is  the  one  given  by  the  Goff  Diagram 
at  intersection  of  32  F  thermodynamic  wet-bulb  and  0  per  cent  saturation. 

DALTON'S  RULE 

As  stated  in  the  introduction  the  thermodynamic  properties  of  moist  air 
have  hitherto  been  obtained  from  those  of  dry  air  and  water  vapor  sepa- 
rately by  application  of  Dalton's  Rule.  Actual  departures  from  the 
rule  are  due  principally,  but  riot  entirely,  to  intermolecular  forces  ;  there- 
fore, in  order  to  apply  the  rule  with  any  measure  of  consistency  it  is  neces- 
sary to  idealise  the  situation  by  assuming  that  the  effects  of  such 
intermolecular  forces  are  negligible  and  that  both  the  dry  air  and  the 
water  vapor  behave  like  perfect  gases.  Making  this  assumption,  the 
volume  VT  occupied  by  n&  mols  of  dry  air  at  temperature  T  and  pressure 
pft  is  VT  =  n&RT/pt  while  that  occupied  by  nw  mols  of  water  vapor  at  the 
same  temperature  but  at  pressure  pw  is  VT  ~  n^RT/pw.  According  to 
Dalton's  Rule,  if  the  dry  air  and  water  vapor  are  mixed,  each  occupies 
the  whole  volume  of  the  mixture  at  the  temperature  of  the  mixture,  and  the 
pressure  of  the  mixture  is  the  sum  of  the  individual  pressures.  Mathe- 
matically, 

nJiT       n*RT       (n&  +  ih,)RT 


It  follows  from  these  equations  that  the  so-called  partial  pressure  of  each 
constituent  is  its  mol-f  raction  times  the  observed  pressure  of  the  mixture  ; 

thus,  for  water  vapor, 

an    . 

Ofi 

and  similarly  for  dry  air*    Equation  13  may  be  regarded  as  the  Dalton 
Rule,  definition  of  partial  pressure  in  terms  of  the  observable  terms  n&y 
nw»  p. 
The  humidity  ratio  W  is  the  mol  ratio  nw/n*  times  the  ratio  of  molecular 
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weights,  namely,  18.016/28.966  =  0.6220;  hence  Equation  13  can  be 
written 


W  ~  0.6220  -£^-  (14) 

p   —  pw 

Now,  even  if  it  is  assumed  that  both  the  dry  air  and  the  water  vapor  behave 
like  perfect  gases,  it  does  not  follow  that  at  saturation  the  partial  pressure 
of  the  water  vapor  can  be  put  equal  to  the  saturation  pressure  of  pure 
water  at  the  temperature  of  the  mixture  because :  (1)  the  coexisting  liquid 
(or  solid)  phase  is  not  pure  water  but  contains  a  small  amount  of  dissolved 
air,  and  (2)  the  coexisting  liquid  (or  solid)  phase  has  to  support  the  ob- 
served pressure  p  and  not  just  the  saturation  pressure  pa  of  pure  water. 
These  effects  are  calculable  but  are  in  general  _ smaller  than  the  effects  of 
intermolecular  forces  which  have  already  been  ignored*  Besides,  the  only 
legitimate  reason  for  retaining  Dalton's  Rule  is  to  gain  simplicity ;  hence 
these  effects  should  be  disregarded  also,  and  the  humidity  ratio  at  satura- 
tion estimated  as  follows, 

W,  -  0.6220  ~~~  (15) 

In  this  chapter  the  ratio  W/W*  has  been  called  degree  of  saturation  and 
denoted  by  the  Greek  letter  /*.  The  ratio  pw/P»  has  long  been  called  rckitiva 
humidity  and  will  be  denoted  by  the  Greek  letter  <p*  Equations  14  and  15 
can  be  combined  to  give 

1 '  p'/p  tie) 


which  can  be  inverted  to  give 

tt 

&    Jsj     . , w— J—^,^™  /J»\ 

r  t  /*  \  /  \*  * / 

1     —      (1     —     fi)pB/f 

Example  16.    Find  the  relative  humidity  of  moist  air  at   180  P,  20  por 
saturation. 

Solution.    Inserting  numerical  data  from  Table  1  into  Equation  17,  the  h 

0,20 


-  0,80  X  15,204/29.921 


0,3,184 


Example  17,    Find  the  degree  of  saturation  of  moist  air  at  70  F,  SO  p«r  cent  relative 
humidity. 

Solution.    Inserting  numerical  data  from  Table  1  into  Equation  10,  the  wiwer  1« 

1  -  0,789M/29,921 

The  foregoing  examples  show  that  there  is  a  be- 

tween degree  of  saturation  and  relative  humidity,  particularly  ai 
temperatures.    Of  course,  they  both  have  the  value        for  dry  uir  and  tlio 
value  unity  for  saturated  moist  air  regardless  of  the  tomptiratura, 
^  A  Dalton  Rule  expression  for  the  volume  of  moist  air  per  pound  cif  dry 
air  obtainable  directly  from  Equation  12  is 
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where 

R&  =  gas  constant  for  dry  air  =  1545.31  •*•  28.966  »  53.349  (ft/F). 

Rw  =  gas  constant  for  water  vapor  «  1545.31  •*•  18.016  ~  85.774  (ft/F). 

This  expression  is  of  the  form  of  Equation  4. 

According  to  Dalton's  Rule  the  enthalpy  of  moist  air  is  the  sum  of  sepa- 
rate contributions  from  the  dry  air  and  the  water  vapor  ;  thus, 

h  »  ha  +  rtWM  (19) 


where,  to  be  consistent,  the  specific  enthalpies  h*  and  Aw  should  be  allowed 
to  vary  with  temperature  only,  not  with  pressure  or  composition.  This 
expression  is  of  the  form  of  Equation  5. 

Within  the  accuracy  of  Dalton's  Rule  the  following  empirical  equations 
give  suitable  values  of  &a  and  hw: 

h*  **  0.24QJ 

Aw  -  0.444*  +  1061  (20) 

Equation  7  defining  thermodynamic  wet-bulb   temperature  may  be 
written  in  the  form, 

h  -  W  +  (Wn*  -  W  )Aw*  «  A«*  -  hf 

If  the  quantity  h'  that  has  been  subtracted  from  both  sides  is  understood 
to  be  the  enthalpy  at  the  thermodynamic  wet-bulb  temperature  t*  but  at 
the  humidity  ratio  W,  then  within  the  accuracy  of  Dalton's  Rule 

h  -  A'  »  (0.240  +  Q.444TPX*  -  <*) 

fcs*  -  k'  »  (1061  -f  0.444**)  0^*  -  W) 

h**  -  «*  -  32 

With  these  approximations  Equation  7  becomes 

«r*       w      0.240  + 
r'*  "  ^  "   1093  - 

Carrier6  has  modified  Equation  21  by  introducing  further  approximations 
as  follows, 

(2>  -  p.*) 


0.444  F  «-  0 
the  first  of  which  is  part  of  Dalton's  Rule.    The  result  is 


-'l)  <22> 

except  that  the  numerical  values  of  the  constants  in  the  denominator  of 

the  rightmost  term  are  somewhat  different  from  Carrier's. 

Equation  22  permits  direct  calculation  of  the  partial  pressure  pw  from 
observed  values  of  pressure  p,  temperature  t,  and  wet-bulb  temperature 

t*,  assuming  that  Information  is  available  regarding  the  saturation  pres- 
sure pt.    The  ratio  Pw/p®  is  the  so-called  relative  humidity* 

Example  t$«    Find  the  relafcire  humidity  of  moist  air  at  00  F  dry-bulb,  and  03  F 
btib). 
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Solution.  At  63  F  the  value  of  the^saturation  pressure  is  0.58002  in.  Hg.  There- 
fore, at  atmospheric  pressure  (29.921  in.  Hg), 

pw  «  0.58002  -  29.341  X  27/2739  =  0.2908  in.  Hg 
The  relative  humidity  is 

<p  =  0.2908/1.4219  =  0.2045 

the  denominator  being  the  value  of  saturation  pressure  at  90  F. 

From  Equation  16  may  be  computed  the  corresponding  degree  of  saturation,  the 
result  being 

/A  =  19.67  per  cent 
in  remarkably  close  agreement  with  the  answer  to  Example  2, 

STEADY  FLOW  ENERGY  EQUATION 

In  steady  flow,  the  energy  convectcd  by  the  fluid  at  any  section  is  the 
sum  of  (a)  kinetic  energy  due  to  velocity;  (6)  gravitational  energy  due  to 
elevation;  (c)  enthalpy  due  to  the  condition  of  pressure,  temperature  and 
composition  of  the  fluid. 

Kinetic  Energy 

There  are  reasons  to  believe  that  the  so-called  velocity  prcMuw  hv  read 
by  a  Pitot  tube  is  simply  the  kinetic  energy  per  unit  volume  of  th<»  fluid 
immediately  upstream  from  the  tube,  as  application  of  Bernoulli's  Hcfiut- 
tion  suggests,  Thus 


V  -  1097.3  4/  2?  (23) 

f         P 

Mere 

F  =  velocity,  feet  per  minute. 
fev  =  velocity  pressure,  inches  of  water  at  60  F. 
p  SB  density  of  fluid,  pounds  per  cubic  foot. 

In  the  case  of  flow  through  a  duct,  the  velocity  pxwauw  is  found  to  vary 
considerably  over  the  section  and  a  traverse  han  to  be  made.  Tin*  e*roj*H- 
sectional  area  of  the  duct  is  divided  into  a  number  of  equal  t!onct*ntri<5 
areas,  and  measuring  stations  are  located  at  centroidal  points  in  <*utih  ami 
along  two  perpendicular  diameters*  Usually  the  ultimate  object  m  to 
determine  an  average  velocity  V  from  which  the  weight  of  fluid  crossing 
the  section  per  unit  time  can  be  obtained  on  multiply  ing  by  Ih*1  cross* 
sectional  area  of  the  duet  and  by  the  density  of  the  fluid.  Thi«  m  olitiiiiinl 
by  simply  averaging  the  square  roots  of  all  meamired  velocity 
as  follows : 


where 

V  »  average  velocity,  feet  per  minute. 

(ht/*)*v  -  arithmetic  average  of  the  square  roots  of  all  measured  velocity 
inches  of  water  at  60  F. 

But  the  item  of  present  importance  is  the  average 
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vected  with  each  pound  of  fluid.    Consistently  with  the  previous  discus- 
sion, this  can  be  shown  to  be 

KB  «  0.006678  v  77^  (25) 

(Av  Jav 

KE  =  average  kinetic  energy,  Btu  per  pound. 

v  «s  specific  volume,  cubic  feet  per  pound. 

(/i3v/2)av  =  arithmetic  average  of  the  3/2-powers  of  all  measured  velocity  pressures, 
inches  of  water  at  60  F. 

If  the  velocity  pressure  were  uniform  over  the  section,  Equations  24 
and  25  could  be  combined  to  give 


(26) 

But,  it  is  interesting  to  note  that  if  the  velocity  varies  pardboUcally  from 
zero  at  the  walls  to  maximum  at  the  center  as  it  does  in  the  case  of  purely 
viscous  flow  in  a  circular  duct,  then  the  average  kinetic  energy  is  twice  that 
given  by  Equation  26. 

Example  19.  If  2000  cfm  of  air  flow  through  an  8  in.  diameter  circular  duct,  find 
the  average  kinetic  energy  per  pound  of  air. 

Solution.  The  cross  -sectional  area  of  the  duct  is  0,349  sq  ft;  hence  the  average 
flow  velocity  is  5730  fpm.  If  the  velocity  were  uniform  over  the  section,  the  average 
kinetic  energy  would  be  (5730^-r  13,430)2  =  0.182  Btu  per  pound.  But  it  is  more 
likely  that  the  actual  distribution  of  velocity  would  approximate  that  characteristic 
of  viscous  flow;  hence  the  average  kinetic  energy  would  be  more  nearly  2  X  0.182  « 
0.364  Btu  per  pound. 

Gravitational  Energy 

The  potential  energy  due  to  elevation  Z  (feet)  above  any  convenient 
datum  is  simply  Z  •*•  778.3  Btu  per  pound  of  fluid.  In  the  case  of  moist  air, 


where 


PE  »  average  potential  energy,  Btu  per  pound  dry  air. 
Z  »  average  elevation,  feet, 
W  «  humidity  ratio,  pound  water  per  pound  dry  air. 

Enthalpy 

No  further  discussion  of  enthalpy  is  required.    It  may  be  well  to  em- 
phasize, however,  that  enthalpies  have  been  figured  on  the  basis  of  one 

pound  of  dry  air, 

Heat  and  Shaft  Work 

Between  any  two  sections  1  and  2  in  an  apparatus  through  which  steady 

flow  occurs  there  may  be  heat  absorbed  from  outside  i$27  Btu  per  pound 
of  dry  air*  and  shaft  work  removed  to  outside,  ik,  Btu  per  pound^of  dry  air. 

If  heat  is  actually  rejected  to  outside,  #»  is  intrinsically  negative ;  and  if 
shaft  work  is  actually  put  in  from  outside,  ik  is  intrinsically  negative* 
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Steady-flow  Energy  Equation 

A  complete  energy  accounting  takes  the  form  of  Equation  28  which  is 
usually  referred  to  as  the  steady-flow  energy  equation. 

ig,  -  (A,  +  KB*  4-  P#»)  -  (hi  4-  KEi  +  PEi)  +  ik  (28) 


ija  SB  heat  aefrfcrf  from  outside  between  sections  1  and  2,  Btu  per  pound  dry  air. 
_  h*  «  enthalpy  of  the  mixture  a£  section  2,  Btu  per  pound  dry  air. 
KB*  ~  average  kinetic  energy  at  section  2,  Btu  per  pound  dry  air. 
jP$a  «  average  potential  energy  a£  section  2,  Btu  per  pound  dry  air, 

hi  =  enthalpy  a£  section  1,  Btu  per  pound  dry  air. 
KEi  **  average  kinetic  energy  at  section  1,  Btu  per  pound  dry  air, 
PEi  «=  average  potential  energy  at  section  1,  Btu  per  pound  dry  air, 

il*  «=  shaft  work  withdrawn  between  sections  1  and  2,  Btu  per  pound  dry  air* 

In  Equation  28  all  quantities  are  per  pound  of  dry  air.  If  Equation  25 
is  used  in  computing  average  kinetic  energy,  the  result  will  be  in  Btu  per 
pound  of  dry  air  if  v  is  taken  as  volume  per  pound  of  dry  air.  If  Equation 
26  is  used,  multiplication  by  (1  +  W)  as  in  Equation  27  is  required  though 
this  is  a  refinement  seldom  justified. 

Thermodynamic  properties  of  water  at  saturation  are  given  in  Table  2 
for  the  range  -160  to  +212  F. 

IT.  S.  STANDARD  ATMOSPHERE 

The  so-called  U,  S.  Standard  Atmosphere  is  an  essential  standard  of 
reference  in  aeronautics  and  as  such  has  become  important  to  the  air  con- 
ditioning engineer  who  frequently  has  to  simulate  atmospheric  conditions 
at  high  altitudes  in  connection  with  aeronautical  research.  In  tldming 
this  standard  it  is  first  assumed  that  temperature  T  varies  linearly  with 
altitude  Z  above  sea  level,  at  any  rate  up  to  the  lower  limit  of  the  iHOtiujrmal 
layer  at  35,332  ft.  Thus, 

T  «  T»  -  0.0018812  SS  (29) 

dT 

—  m  -0,0019812  (degree  Centigrade  per  foot)  (39) 

The  second  assumption  is  the  validity  of  the  perfect  gas  laws,  namely, 

*  -  «T  m) 

A  horizontal  disc  of  air  having  unit  cross-sectional  area  (1  sq  ft)  md  verti- 
cal thickness  dZ  (ft)  weights  dZ/v  flb).    This  aeemmto  for  the 
ot  pressure  rfF  (Ib  per  sq  ft)  between  the  upper  and  lower  faces  of  the 
hence,  using  Equation  31  «« 


v.  %  mi  then 

grated  to  obtain  the  relation  between  pressure  md 


<U3G3 

08) 
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PRBSSUBB  AND  TBMPBEATITBB  FOE  ALTITUDES  IN  U.  8. 
STANDAEB  ATMOSPHSEB 


ALTITUDE  FEET 
Z 

PRESSURE  IN.  OF  HG 
P 

TEMP  F 
t 

-  1,000 

31.02 

+62.6 

-     500 

30.47 

+60.8 

0 

29.921 

+59.0 

•f     500 

29.38 

+57.2 

+  1,000 

28.86 

+55.4 

+  5,000 

24.89 

+41,2 

10,000 

20,58 

+23.4 

15,000 

16.88 

+  5.5 

20,000 

13.75 

-12.3 

25,000 

11.10 

-30,1 

30,000 

8.88 

-47.9 

35,000 

7.04 

-65.8 

40,000 

5.54 

-67.0 

45tOOO 

4.36 

-67.0 

50,000 

3.436 

-67.0 

The  values  !T0  »  288  K  and  P<>  =  29.921  in,  Hg  are  parts  of  the  definition 
of  the  standard  atmosphere. 

Values  of  pressure  and  temperature  are  listed  in  Table  5  for  altitudes  in 
the  standard  atmosphere  from  — 1,000  to  50,000  ft  above  sea  level.  Values 
for  altitudes  below  the  lower  limit  of  the  isothermal  layer  conform  to 
Equations  29  and  33.  For  further  explanation,  reference  (7)  should  be 
consulted. 


LETTER  SYMBOLS  USED  IN  CHAPTER  3 
/*  •»  degree  of  saturation  or  per  cent  saturation. 
p  «•  density  of  fluid,  pounds  per  cubic  foot. 
<p  «  relative  humidity  (decimal)* 

a  **  ratio  of  apparent  molecular  weight  of  dry  air  (28.966)  to  the  molecular 
weight  of  water  (18,016)  «  L6078. 

A  »•  coefficient  from  Table  4  for  use  in  Equation  4a  (obtained  from  Table  4) . 
B  -»  coefficient  to  be  used  in  Equation  5a  (obtained  from  Table  4), 
C  **  coefficient  for  use  in  Equation  6a  (obtained  from  Table  4). 
h  —  enthalpy  of  moist  air,  Btu  per  pound  of  dry  air, 

k  *»  enthalpy  correction  term  to  be  added  above  150  F»  to  enthalpy, 
h^  *•  specific  enthalpy  of  dry  airy  Btu  per  pound, 

km  «*  h*  —  h»  *»  the  difference  between  the  enthalpy  of  moist  air  at  saturation 
per  pound  of  dry  air,  and  the  specific  enthalpy  of  the  dry  air  itself, 
Btu  per  pound  of  dry  air, 

*»  enthalpy  of  moist  air  at  saturation  at  th^mmdyti^mic  t0#-6trf&  temperg,- 
t,  Btu  per  pound  of  dry  air. 
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LETTER  SYMBOLS  (Continued) 

hB  «  enthalpy  of  moist  air  at  saturation  per  pound  of  dry  air,  Btu  per  pound 
of  dry  air. 

7iy  —  velocity  pressure,  inches  of  water  at  60  F, 

ftw  =  specific  enthalpy  of  condensed  water  (liquid  or  solid)  at  standard  pres- 
sure, Btu  per  pound  water, 

h^*  =  specific  enthalpy  of  water  as  added  at  the  thermodynamic  wet -bulb 
temperature  £*,  JBtu  per  pound  of  dry  air. 

K  =  Kelvin  degrees. 
KE  »  kinetic  energy,  Btu  per  pound. 
KE  =  average  kinetic  energy,  Btu  per  pound, 
I  =  shaft  work  withdrawn,  Btu  per  pound  of  air. 

ilt  —  shaft  work  withdrawn  between  sections  1  and  2,  Btu  per  pound  of  air. 

m  «  weight  of  dry  air  crossing  any  duct  section,  pounds  per  minute. 

mi,  raj,  m8  «  weights  of  dry  air  convected  across  sections  Fif  F^  P%  respectively, 
pounds  per  minute. 

M  «  weight  of  dry  air  withdrawn  with  inside  air,  pounds  per  hour, 

na  »*  mols  of  dry  air. 

nw  *»  mols  of  water  vapor. 

p  »  total  pressure  of  a  mixture  of  air  and  water  vapor,  pounds  p«r  square 
inch  or  inches  Hg. 

p&  «  partial  pressure  of  air,  pounds  per  square  Inch  or  inches  Hg* 

pB  M  saturation  pressure  of  pure  water  vapor,  pounds  per  square  inch  or 
inches  Hg. 

pw  sa  partial  pressure  of  water  vapor  in  mixture  of  air  and  water  vapor, 
pounds  per  square  inch  or  inches  Hg. 

P  «  atmospheric  pressure,  inches  Hg. 

Fo  =  standard  atmospheric  pressure  by  definition  20 .021  m.  tig. 
PB  «  potential  energy,  Btu  per  pound  dry  air, 

pjg  »  average  potential  energy,  Btu  per  pound  dry  air, 

q  **  ratio  of  energy  added  (or  removed)  to  water  added  C«r  r«m«wt»fi),  Btu 
per  pound.    Also  called  specific  enthalpy  of  water 

iqt  «  heat  added  between  sections  1  and  2,  Btu  ptsr  pound  dry  air. 

A#B  w  heat  added  between  sections  A  and  B  per  pound  of  dry  »tr>  !Uu  per 
pound. 

A(?B  »  total  heat  added  between  sections  A  and  B,*<!Uu  p«r  minute, 
AQ  «  energy  to  be  removed  from  or  added  to  conditioned  «{mc<»viUu|K»r  hour* 
12  *•  universal  gas  constant. 
R&  ««  gas  constant  for  dry  air. 
RV  «  gas  constant  f pr  water  vapor. 
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LETTER  SYMBOLS  (Continued) 

s  =  entropy  of  moist  air  per  pound  of  dry  air,  Btu  per  (pound)  (Fahrenheit 
degree). 

s  «  correction  to  be  added  to  entropy  of  moist  air  obtained  from  Equation 
6. 

s  =  additional  correction  to  be  added  to  entropy  because  of  "mixing 
entropy"  (obtained  from  Table  4).  Correction  to  be  added  to  value 
of  s  obtained  from  Equation  6. 

sa  =  specific  entropy  of  dry  air,  Btu  per  (pound)  (Fahrenheit  degree,  ab- 
solute). 

saa  «  the  difference  between  the  entropy  of  moist  air  at  saturation  per  pound 
of  dry  air,  and  the  specific  entropy  of  the  dry  air  itself,  Btu  per  (pound 
of  dry  air)  (Fahrenheit  degree,  absolute). 

SB  ss*  entropy  of  moist  air  at  saturation  per  pound  of  dry  air,  Btu  per  (pound 
of  dry  air)  (Fahrenheit  degree,  absolute). 

sw  »  specific  entropy  of  condensed  water  (liquid  or  solid)  at  standard  atmos- 
pheric pressure,  Btu  per  (pound  of  water)  (Fahrenheit  degree, 
absolute). 

t*  «  thermodynamic  wet-bulb  temperature,  Fahrenheit  degrees. 
j(F)  «  temperature,  Fahrenheit  degrees, 

T  «  absolute  temperature,  Fahrenheit  degrees. 

To  «  standard  atmospheric  temperature,  by  definition  288  Kelvin  degrees. 
v  »  volume  of  moist  air  per  pound  of  dry  air,  cubic  feet  per  pound. 

V  «*  correction  to  be  added  to  volume  of  moist  air  per  pound  of  dry  air, 
above  150  F. 

t>a  .a  specific  volume  of  dry  air,  cubic  feet  per  pound, 

vm  *»  v»  —  u,i,  the  difference  between  volume  of  moist  air  at  saturation^  per 
pound  of  dry  air,  and  the  volume  of  the  dry  air  itself,  cubic  feet  per 
pound  of  dry  air. 

v9  »  volume  of  moist  air  at  saturation  per  pound  of  dry  air,  cubic  feet  per 
pound  of  dry  air. 

%  •*  total  volume,  cubic  feet. 

V  M  velocity,  feet  per  minute. 

V  «•  average  velocity,  feet  per  minute. 

W  «*  huroidity  ratio,  of  moist  air,  pounds  of  water  per  pound  of  dry  air, 

Alf  m  water  to  be  removed  from  (or  added  to)  conditioned  space,  pounds  per 
hour* 

W*  «*  humidity  ratio,  a£  saturation,  weight  of  water  vapor  per  pound  of  dry 
air,  pound  per  pound. 

Wg*  «•  humidity  ratio  corresponding  to  thermodynamic  wet-bulb  temperature 
£*,  pounds  of  water  per  pound  of  dry  air. 

Z  «*  elevation  above  any  datum,  feet* 
H  **  Average  elevation,  feet* 
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CHAPTER  4 

FLUID  FLOW 

Theory;  Pressure  Loss  In  Circular  and  Non-Circular  Pipes;  Compressible  Fluids; 
Nozzles  and  Orifices;  Steam  Flow  Measurement;  Metering  Liquids; 
Nozzle  Coefficients  and  Expansion  Factors;  Pitot  Tube;  Installa- 
tion of  Nozzles  and  Orifices,  Variable  Area  Flow  Meters 


THE  flow  of  fluids  is  part  of  the  branch  of  engineering  science  known 
as  fluid  mechanics,  which  will  be  discussed  here  insofar  as  it  applies 
to  the  work  of  engineers  in  the  fields  of  heating,  ventilating,  and  air 
conditioning.  Probably  air  is  the  most  frequently  handled  fluid,  but 
other  gases  and  liquids  are  often  involved.  Compressible  fluids  (gases) 
and  incompressible  fluids  (liquids)  vary  somewhat  in  behavior,  though  in 
cases  where  pressure  and  density  changes  are  small,  the  gases  may  be 
treated  as  incompressible  fluids. 

THEORY  OF  FLUID  FLOW 

The  following  energy  equation  for  one  dimensional  steady  flow  processes 
will  serve  as  a  basis  for  the  theory  of  the  flow  of  fluids.  This  equation  is 
presented  in  several  ways  in  various  texts,  but  a  suitable  form  is 

Fi2  a  Ft2  o 

—-  +  Jui  +  PM  +  Jq +  ~*i**  ?L  + Jus +  pM  +  W  +  *L  z*  (I) 

%g*  g0        20o  ft 

where 

V  *»  velocity  in  feet  per  second. 

g   «•  gravitational  acceleration,  in  feet  per  (second)  (second). 

00  m  gravitational  conversion  factor  »  32,174  (pounds  mass  per  pound  force)  X 

ft  per  (second)  (second). 

/  «*  mechanical  equivalent  of  heat  *»  778  foot  pounds  per  Btu. 
u  •*  internal  energy,  in  Btu  per  pound  of  fluid. 
p  «*  pressure  in  pounds  per  square  foot. 
t>   «•  specific  volume,  in  cubic  feet  per  pound. 

W  «»»  mechanical  work  done  by  the  fluid  in  foot  pounds  per  pound  of  fluid. 
q   «-  heat  transferred  to  the  fluid  in  Btu  per  pound  of  fluid  flowing. 
z   «•  elevation  above  some  arbitrary  datum,  in  feet. 
Subscript  1  refers  to  the  entrance,  subscript  2  to  the  exit. 

Introducing  the  enthalpy  hy  which  by  definition  is  u  +  j ,  expressed  in 
Btu  per  pound  of  fluid,  Equation  1  becomes 

~  +  Jh  +  Jq  +  £*i  «  ~  +  «%  +  Jf  +  -2*  (2) 

2^«  *     g*        2g  g* 

The  equivalent  differential  form  for  energy  Equation  1  is 

+  -dz  ~Jdq  +  dW**Q  (8) 

g« 
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Replacing  v  by  its  equal  glg*p  (where  p  is  density  in  pounds  weight  per  cubic 
foot)  and  rearranging,  Equation  3  becomes 


20 


pdv  -  Jdq  +  dW]  «  0 


(4) 


In  the  case  of  flow  through  a  pipe,  no  outside  work  is  performed  so  that 
=  0.    Furthermore, 


+  JT efe' 


(5) 


Jdu  +  pdv  =  JTds  : 
wAere 

d$  =  total  change  in  entropy. 

dsf  =  change  in  entropy  due  to  internal  irreversibility  from  turbulence  and  Friction. 


FIG.  1.  RELATION  OF  VAKIOUS  FACTORS  IN  BBENOXJLLI  EQUATION 

Accordingly,  Equation  4  may  be  written 

"?  ,  j-  ,  £« 


•  o*  m 

vg  p  g 

In  cases  where  there  is  no  internal  irreversibility?  d&'  »»  0,  and  Equation  15 
may  be  integrated  to  give 

^^E+2iaw_+?!*^%  (7j 

where  pm  is  the  proper  mean  density. 

This  is  commonly  called  the  Bernoulli  equation*  named  after  the 
mathematician  and  physician  who  first  propounded  the  theory.    *     m 

known  as  the  velocity  head,  *-  is  the  pressure  head,  and  z  is  the  elevation 

head,  all  in  feet  of  the  fluid;  the  total  head,  hi  is  the  sum  of  the  other 
three  heads.  Pig,  1  shows  diagrammatieally  the  relation  of  the  varuniH 
factors.  The  pressure  at  point  2  is  lower  than  at  point  I  of 

the  elevation  of  point  2  over  point  1,  and  the  velocity  at  point  2  is  lower 
than  at  point  1  because  of  the  larger  pipe  diameter  at  point  2,  If  the 


*  In  the  analysis  of  sub 
Aside  from  dimensional  con 
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pipe  diameter  were  the  same  throughout,  the  velocity,  and  consequently 
the  velocity  head,  would  be  the  same  at  both  points,  but  the  higher 
elevation  at  point  2  would  still  be  responsible  for  a  loss  in  pressure. 
The  utility  of  the  equation  is  evident,  though  it  should  be  remembered 
that  in  it  the  effects  of  friction  and  turbulence  are  neglected,  and  that  Fig.  1 
represents  ideal  conditions.  It  should  also  be  noted  that  care  must  be 


200  300  400 

TEMPERATURE    IN   *F 


FIG.  2,  RELATION  ov  KINEMATIC 

VISCOSITY    TO    TBMPERATtrKB    OP    AlB 

taken  in  determining  the  proper  mean  density.  Accordingly,  the  Bernoulli 
equation  is  applied  most  conveniently  to  incompressible  fluids  for  which 
density  is  constant. 

Pressure  Loss  in  Circular  Pipes 

The  pressure  loss  in  circular  pipes  is  customarily  expressed  by  the 
formula ; 


(8) 


where 

hi  •*  the  loss  m  head  of  the  fluid  under  conditions  of  flow,  in  feet. 

I  «  the  length  of  the  pipe,  in  feet- 
V  •*  the  velocity,  in  feet  per  second. 

g  »•  the  acceleration  due  to  gravity  *»  32,174  ft  per  (second)  (second) . 

d  ««*  the  internal  diameter  of  the  pipef  in  feet. 

/  **  a  dimensionleas  friction  coefficient* 

The  formula  is  generally  known  by  the  name  of  Darcy  or  Fanning, 
though  it  seems  to  have  been  originated  by  d'Aubisson  do  Voisins  in  1834 
The  factor  /  is  a  function  of  the  Reynolds  number, 


(9) 
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where 


Reynolds  number. 

<  the  density  in  pounds  per  cubic  foot. 
=  the  absolute  viscosity  in  pounds  per  foot-second. 


Both  /  and  the  Reynolds  number  are  dimenslonless.  To  aid  in  com- 
puting the  Reynolds  number,  values  of  -,  the  kinematic  viscosity,  are 
shown  as  a  function  of  temperature  for  air  in  Fig.  2  and  for  water  in  Fig.  3. 


\ 


Fio.  3.  RELATION  OF  KINIMATIC 

VISCOSITY  TO  TBMHDRATDUB  OF  WATBB 

Fig.  4  shows  the  relation  between/  arid  the  Reynolds  number,  adapted 
from  a  review  by  Moody.*  The  straight  line  sloping  downward  at  t?he 
left  of  the  chart  supplies  the  values  of  /  for  laminar  flow ;  it  rcjw»wnt:H 
the  formula : 

AA 

(10) 


With  laminar  flow,  the  velocity  profile  is  a  parabola,  having  the  formula 


01) 


where 


r  «•  the  radius  of  the  pipe  in  feet. 

L  »  distance  perpendicularly  from  the  axis  of  the  pipe,  in  feet* 

Accordingly,  the  maximum  velocity  occurs  at  the  of  the 

and  is  twice  the  average  velocity ;  the  average  velocity  Is  found  L 

=  0.707  r.    It  is  ^  worth  noting  that  roughness  of  the          wall  hm  no 
effect  on  the  loss  in  head  for  laminar  flow, 
Between  values  of  the  Reynolds  number  of  2000  and  m  an 


i  Superior  numbers  refer  to  the  references  at  the  end  of  the  chapter. 
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unstable  region  where  the  flow  changes  from  laminar  to  turbulent,  or 
vice  versa.  The  actual  value  is  impossible  of  prediction  for  any  condi- 
tions of  flow,  though  in  general  it  may  be  said  that  the  prevailing  type 
of  flow  persists  into  the  unstable  region ;  however,  once  the  change  starts, 
it  proceeds  very  rapidly. 

When  the  flow  is  turbulent,  the  velocity  profile  is  essentially  parabolic 
over  four-fifths  of  the  pipe  diameter,  but  near  the  pipe  walls,  the  effect 
of  friction  becomes  evident,  and  in  the  boundary  layer  at  the  pipe  wall 
the  flow  is  laminar.  Fig.  5  compares  the  velocity  profiles  for  three  different 
Reynolds  numbers,  but  for  the  same  average  velocity. 

The  lower  curve  in  the  turbulent  region  in  Fig.  4  represents  the  relation 
of  /  to  the  Reynolds  number  for  smooth  pipe,  such  as  drawn  brass  tubing 


0.010 
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Fro.  4.  EBLATION  BETWEEN  FBICTION  FACTOE  AND  RBYNOLBS  NXTMBBE 
NOTE:  The  straight  line  at  left  shows  values  of  Friction  Factor  for  laminar  flow. 

B»prfnted  by  pwmWon.  from.  A.SMJS,  Transactions. 

or  glass  tubing.  The  effect  of  roughness  on  /,  which  is  a  considerable 
factor  in  turbulent  flow,  is  open  to  some  conjecture ;  artificially  roughened 

pipes,  for  instance,  give  results  at  variance  with  actual  tests.  The 
curves  above  the  smooth  pipe  curve  of  Fig.  4  represent  a  summary  ^of 
tests  on  rough  pipe,  each  of  them  identified  by  a  value  of  e/d  with  e  sig- 
nifying the  absolute  roughness  in  feet.  Values  of  e/d  for  different  pipes 

are  given  in  Table  1. 

To  find  the  friction  loss  for  any  pipe,  follow  the  curve  with  ^  the  proper 
value  of  e/d,  to  the  pertinent  value  of  Nm*y  and  from  this  point  proceed 
horizontally  to  left  margin  to  find  the  value  of  /  to  us©  In  Equation  8* 
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TABLE  1.  VALUES  OF  e/d  FOE  BIFFEEENT  KINDS  OF  PIPE 


TYPE  OF  PIPE 


e/d 


Smooth  drawn  tubing 

Commercial  steel  or  wrought  iron. 

Asphalted  cast-iron 

Galvanized  iron 

Cast-iron 

Wood  stave 

Concrete 

Biveted  steel 


0.000005 
0.00015 
0.0004 
0.0005 
0.00085 

0.0006  to  0.003 
0.001  to  0.01 
0.003  to  0.03 


The  curves  in  Fig.  4  may  be  approximated  very  closely  by  the  empirical 
formula  :l 

t/          e       108Y/31 
1  +  f  20,000  -  +  —J  (12) 

Equation  8  is  applicable  to  all  liquids,  and  to  gases  when  the  pressure 
loss  is  less  than  10  per  cent  of  the  initial  pressure.  When  the  loss  in 
head  is  high,  the  formula  to  be  used  for  gases  is 


px2          gd  PIVI 
which  may  be  rearranged  to  give  the  loss  in.  pressure, 

pi  -  *  -  PI  fl  -  4  /TT^psL  1  (14) 

L        V         v&  PM  J 

Pressure  Loss  in  Non-Circular  Pipes 

The  formulas  for  flow  in  pipes  are  based  upon  the  use  of  pipes  of 
circular  cross-section.  The  formulas  may  be  used  with  comltutw  of  other 
shapes,  and  in  conduits  not  flowing  full,  when  the  flow  is  turbulent,  by 
using  the  hydraulic  radius,  ]JH,  which  is  really  a  ratio: 


„  fliiCct     01      C*  WMU-  WUWVftVTAA 

wetted  perimeter  of  cross-section 

For  instance,  in  a  square  duct,  1  ft  on  a  side,  handling  air,  the  hydraulic 
radius  is  J  or  0.25.  If  the  same  duct  is  handling  wator,  flowing  I)  IB* 
deep,  the  hydraulic  radius  is  0,75/2.5  or  030.  Noto'in  thin  latter  that 
the  wetted  perimeter  does  not  include  the  distance  across  the  free  surface. 
In  the  case  of  a  round  pipe 

_       *P/*     d        .      JB 

#H   -    — J-    "*   I    Ot    d   *   4R®  «•> 

Td  4b 

Substituting  Equation  16  in  Equation  9, 
and  in  the  flow  Equation  8, 


. 

fc  -  Ctsi 
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and  finally  in  the  compressible  fluid  flow  Equation  14, 

ft  -  p*  -  Pi     1  -  A/I  ~     flVl*   .  1  (19) 

L         T  4^HmJ 


Equations  17,  18,  and  19  may  be  used  to  compute  the  flow  in  pipes  and 
ducts  of  non-circular  section  and  in  any  type  of  conduit  not  flowing  full. 
They  should  not  be  used  when  the  flow  is  laminar. 

FLOW  OF  COMPRESSIBLE  FLUIDS 

In  the  flow  of  compressible  fluids,  the  large  density  variations  make 
impracticable  the  use  of  the  Bernoulli  equation,  (Equation  7).  In  certain 
special  cases,  however,  the  exact  equations  for  compressible  flow  may  be 
stated.  If  flow  occurs  with  no  friction  or  other  Internal  irreversibility, 
Equation  6  becomes 

I  dp 

_,  dV*  +  -£  =  0  (20) 

*Q  P 

If  in  addition  the  flow  is  adiabatic, 

pp~*  -  pipf  *  (21) 

so  that  Equation  20  becomes 


-  0  (22) 

Ay  pi     p— - 

or  by  integration, 


This  extension  to  compressible  flow  of  Bernoulli's  equation  reduces  to  the 
more  familiar  form  if  the  pressure  change  is  small. 
The  ratio  of  specific  heats,  k,  is  used  extensively  in  fluid  dynamics ;  values 

of  k  for  various  gases  are  given  in  Table  2. 

TABLE  2,  RATIO  OF  SPECIFIC  HJBAT  AT  CONSTANT  PRESSUKE  TO  SPECIFIC 

UK  AT  AT  CONSTANT  VOLXTMJS  FOB  COMPRESSIBLE  FLUIDS 


COMPRESSIBLE  FLUID 


Helium  and  other  xnonatomic  gases 

Air  and  other  diatomic  gases 

Ammonia  and  hydrogen  sulfide. 

Carbon  dioxide,  methane,  natural  gas,  superheated  steam, 

moist  steam  down  to  a  quality  of  &7  per  cent 

Sulfur  dioxide,  ethylcno,  acetylene 


RATIO  k  — 


1.66 
1.40 


1.28  to  1.  32 
1.24  to  1.26 


It  is  convenient  in  the  analysis  of  compressible  flow  to  introduce  the 

velocity  of  propagation  of  pressure  impulses  or,  more  familiarly,  the 
sonic  velocity,  a.    For  perfect  gases  this  is  given  by  the  equation: 

a2  ~  kgp/f>  -*  kgRT  (24) 

Accordingly,  Equation  23  may  be  written 

-  YA  +  "  -  l     -  0  (26) 


[(»)"  -  l]  -  0 
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or,  by  rearrangement^ 

i  (26) 


which  permits  the  calculation  of  the  ratio  of  pressures  at  entrance  and 
exit  of  the  steady  flow  device — pipe,  orifice,  or  nozzle.  From  Equations 
21  and  24.  it  follows  that 


of      T* 

—  s=  as  I    — 

ai1     Ti      \pi 


(27) 
Qi*       'I'l       \pi/ 

so  that 

2 
and 


k  - 


C29) 
w  ' 


The  ratio  of  flow  velocity  to  sonic  velocity  is  known  as  the  Mach  nttniboti 

M  **  V/a 

This  parameter  is  particularly  useful  in  compressible  flow  analysis.    In 
general,  if  M  <  0.3  the  flow  may  be  considered  to  be  incompressible. 
In  terms  of  the  Mach  number 


ur       •**  «  * 

—  «  JT  ~  ^— y—  (30) 

2 
and 

S-l^rT^I  (:il) 

ilJ-MJ/ 
V  / 

The  quantity 


(k  —  1 
14--r- 
£ 


(32) 


is  called  the  stagnation  pressure  and  gives  a  measure  of  prcrnwrt)  energy* 
For  incompressible  flow 

l_ 

2@p 

where 

<?-5™pF*  (34) 
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and  Is  the  dynamic  pressure,    A  total  head  tube  measures  stagnation  pres- 
sure directly. 

From  Equation  31  it  follows  that  for  Motionless,  adiabatic  flow 


This  represents  another  extension  of  the  Bernoulli  equation  to  compressible 
flow.    Friction  will  cause  a  loss  in  pressure  energy. 

Ideal  Flow  through  Nozzle  or  Orifice 

The  majority  of  low  measuring  systems  depend  upon  a  correlation 
between  pressure  drop,  area,  and  quantity  of  flow.  The  basic  formulas 
may  be  stated  on  the  assumption  that  the  flow  is  frictionless  and  adiabatic. 
Designating  the  main  stream  by  station  1  and  flow  at  some  measuring 
restriction  by  station  2,  the  flow  in  pounds  per  second  is 

(35) 


or,  in  terms  of  Mach  number, 


(86) 


FlG,  5.  COMFABISON  OF  VELOCITY  PROFILES  FOR  3  DlFFBfcBNT  REYNOLDS 

NUMBERS  BUT  FOE  SAME  AVBKAGE  VELOCITY 


According  to  Equation  31 


(37) 


from  which 


so  that 


Uf- 


(38) 


r  iv  A    ~,f,  _ 

w-At4/  Y-Fi"«7  4/i??  r(™y*"  ~  i~\     (39) 

If  the  initial  velocity  is  sufficiently  small,  Mf  will  be  negligible  so  that 
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If  this  is  computed  and  the  figures  are  plotted,  the  curved  line  (partly 
solid  and  partly  broken)  of  Fig.  6  is  found.  The  maximum  value  of  ^ 
may  be  computed  by  differentiating  w  with  respect  to  p2  and  equating 
the  result  to  zero.  This  operation  produces  the  formula : 


k  + 1 


(41) 


For  air,  with  fc 


5,  *=  -  0.53. 
Pi 


Actually,  the  broken  part  of  the  curve  is  not  attained  for  the  flow  in 
the  nozzle.    If  the  ratio  of  p2  to  pi  is  decreased  from  unity,  the  mass 


FIG,  6.  RELATION  OF  FLOW  OF  GAS  TO  PKKBWHK  I)i«>i»  IN  A 

TUBB 


rate  of  discharge,  as  well  as  the  volume,  increases  from  mro  to  a  maximum* 
as  shown  by  the  solid  section  of  the  curve  in  Fig.  6  ;  thowaf  tor,  a«  pa/Pi  i« 
decreased  further,  the  discharge  is  constant,  as  indicated  hy  tlm  horizontal 
line.  The  value  of  p<t  at  the  maximum  point  is  called  the  critical  pressure* 
or  PC,  and  it  is  seen  that  pc  is  approximately  53  per  cent  of  pi  when  air  i» 
flowing. 

To  find  the  velocity  at  the  critical  pressure,  it  is  aasumod  that  the 
upstream  velocity  Vi  is  so  small  as  to  be  negligible.  Using  the  subscript 
c  to  indicate  conditions  at  the  critical  point,  from  Equation  31 


or 


(42) 


(43) 
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Substituting  the  critical  pressure  ratio  from  Equation  41  it  follows  that 

Mo  «  1  (44) 

or  that  the  velocity  at  the  throat  is  equal  to  the  local  sonic  velocity. 

In  developing  the  working  equations  for  orifices  and  nozzles,  it  is  custom- 
ary to  start  with  the  incompressible  form  of  the  flow  Equation  39.  In 
this  case  both  Mi  and  M2  are  small  quantities,  pi  =  p2,  and  (pi  —  p^/pz 
=  Ap/p2  is  small.  Retaining  only  first  order  terms,  it  follows  from 
Equation  36  that 


so  that 


(46) 


where  0  =  Da/Di.    The  quantity  I/  Vl  —  /?4  is  the  velocity  of  approach 
factor  as  generally  used,  with  0  being  the  ratio  of  the  throat  or  orifice  di- 
ameter to  the  pipe  diameter. 
Since  Ap/pa  is  small 


£  T!    I     I     „       I  *     I  — -     _  \*>) 

and  the  mass  flow  is 

At          . ~ 

to  « y:^=^  y'  2f7pAp  (48) 

The  volume  flow  is  then 

l 


Actual  Flow  Through  Orifices  and  Nozzles 

The  actual  rate  of  flow  through  an  orifice,  nozzle,  or  Venturi  tube  is 
rarely  equal  to  the  theoretical,  and  generally  the  actual  rate  is  less  than 
the  theoretical.  In  the  case  of  the  nozzle  and  Venturi  tube,  this  is  due  to 
losses  from  wall  roughness,  fluid  friction,  and  turbulence  during  the  ex- 
pansion in  the  section  following  the  throat.  While  wall  roughness  is  not 
a  factor  in  a  sharp-edged  orifice,  fluid  friction  and  turbulence  are  im~  • 
portant,  as  is  the  fact  that  the  discharge  contracts  to  a  degree  variable 
with  the  ratio  of  outlet  to  inlet  pressure  after  leaving  the  orifice,  so  that 
the  limiting  area  is  somewhat  less  than  the  opening  in  the  orifice  plate. 
Accordingly,  Equation  49  must  be  modified  by  a  correction  factor,  C. 
Usually,  the  velocity  of  approach  factor  is  included  with  this  correction 
factor,  and,  if 

(50) 


Multiplying  by  3600  to  convert  from  cubic  feet  per  second  to  cubic  feet 
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per  hour,  and  converting  area  in  square  feet  to  diameter  in  inches,  gives 


4X144 

or 

Qt  -  19.635  KDf  A/2fi*f  (52) 

where 

Qt  —  rate  of  flow  in  cubic  feet  per  hour. 

Da  as  the  diameter  of  the  orifice  or  nozzle  throat  in  inches. 

K  =  flow  coefficient  including  correction  for  velocity  of  approach. 

Equation  52  is  a  general  equation,  expressing  the  flow  of  any  fluid 
through  an  orifice  or  nozzle.  Further  use  of  it  will  be  made  as  other  types 
of  flow  are  discussed. 

The  differential  loss,  Af,  is  in  terms  of  feet  of  the  fluid  flowing  through 
the  orifice  or  nozzle.  In  the  case  of  a  gas  flowing,  where  it  is  customary 
to  read  the  differential  pressure  in  inches  of  water,  feet  of  gas  must  be 
converted  to  inches  of  water.  Since  dry  air  at  82  F  and  14,7  psi  absolute 
pressure  weighs  0.0807  Ib  per  eu  ft,  the  weight  of  a  cubic  foot  of  any  other 
land  of  gas  under  the  same  conditions  is  0.0807  (7,  where  G  is  the  specific 
gravity  of  the  gas  referred  to  air.  Water  weighs  62.37  Ib  per  cu  ft  at  <50  F* 
Using  also  the  relation  of  12  in.  in  1  ft, 

,       fc.        62.S7 


in  which  Aw  is  the  differential  pressure  in  inches  of  water, 

Also,  since  the  gas  flowing  is  not  necessarily  at  32  F  and  14*7  psi,  It  is 
necessary  to  apply  Charles'  and  Boyle's  laws  to  the  density  of  the  gas 
and  therefore 

,^X~  CM] 

in  which  Pt  and  Tt  are  the  absolute  pressure  and  temperature  of  the 
flowing  gas.  Substituting  this  in  Equation  52,  and  combining  the  con- 
stants, 

Qi  -  218.44JOV 

Then,  to  correct  the  value  of  Qt  to  any  other  staiulard  conditions  of 
pressure  Pb  and  temperature  1\  ,  using  the  gas  laws, 

*      Ft      T* 
0>-Q,XF;x->  c«> 

Equation  55  becomes 

Qb  - 218.44K1V  j  A/?1- h:  (57) 


Finally,  since  gases  expand  under  the  conditions  of 

downstream  from  the  orifice  or  nozzle,  an  expansion  factor,  F,  be 

added.    The  final  formula,  then,  is 
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218.44  KYDf 


(58) 


In  Equation  58,  all  the  data  must  be  observed  at  the  time  of  measure- 
ment except  K  and  Y.  These  must  be  obtained  from  charts,  tables,  or 
formulas,  derived  from  or  based  on  the  results  of  a  great  many  experi- 
ments, the  results  of  which  have  been  collected  by  a  joint  committee  of 
the  American  Gas  Association  and  the  American  Society  of  Mechanical 


to* 


REYNOLDS    NUMBER, 


FIG.  7.  FLOW  COEFFICIENTS,  K9  FOR  SQTTAKB -EDGED  OKIFICB  PLATES  AND 

FLANGB  TAPS  IN  SMOOTH  PIPB 
Nora:  From  Table  6,  Bibliography  [H]. 


0.60 
0.55 


REYNOLDS   NUMBER,  Nfc 

FIG.  8.  FLOW  COEFFICIENTS,  K,  FOR  SQUARE-EDGED  ORIFICB  PLATES  AND 

RADIUS  TAPS  IN  SMOOTH  PIPE 
NOTB:  From  Fig,  38d,  Bibliography  PK]. 

Engineers  }*z  The  report  of  the  two  associations  gives  orifice^  coefficients 
as  a  function  of  the  Reynolds  number  and  of  the  ratio  of  orifice  to  pipe 

diameter,  for  pipes  2  to  12  in,  and  14  in,  in  diameter,  and  for  four 

different  types  of  pressure  taps  in  use  in  the  United  States.  The  coeffi- 
cients are  higher  for  the  smaller  pipe  sizes.  This  is  an  effect  of  the  turbu- 
lence produced  by  the  roughness  of  the  pipe  surface,  a  given  roughness 

being  relatively  greater  with  a  small  pipe  than  with  a  large  one* 

Space  does  not  permit  presenting  all  the  coefficient  data  that  are  avail- 
able, •  However,  if  the  pipe  is  smooth,  drawn  tubing,  the  effect  of  roughness 
is  negligible,  and  the  coefficients  for  the  largest  size  of  pipe  apply  also 
to  smaller  pipes,  Fip.  7,  8,  and  9  show  these  coefficients,  $"»•»  being  the 
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FIG.  9.  FLOW  COEFFICIENTS,  J5C,  FOR  SQUARE-EDGED  ORIFICE  PLATES  AND 

VENA  CONTRACTA  TAPS,  IN  SMOOTH  PIPE 

NOTE:  From  Table  7,  Bibliography  [H]. 

Reynolds  number  referred  to  the  diameter  of  the  orifice  or  throat  of  the 
nozzle,  in  feet. 

Pressure  Taps— -Location  and  Types 

The  different  sets  of  pressure  taps  are  called  flange  taps,  radius  taps, 
vena  contracts  taps,  and  pipe  or  full-flow  taps*  The  relative  locations 
of  the  first  three  of  these  are  shown  in  Fig.  10,  and  the  need  for  different 
coefficients  for  the  different  taps  is  indicated  by  the  course  of  the  change 
in  pressure  of  the  flowing  fluid  shown  in  the  lower  part  of  the  figure, 
Pipe  taps  are  located  2J  pipe  diameters  upstream  and  3  pipe  diameters 
downstream,  both  measured  from  the  upstream  face  of  the  orifice  plate, 


1.00"  FLANGE    TAPS 


II- 


03  TO  0-80,1   VENA  CONTRACTA    TAPS 
(SEE   FIGURE  10 


RAOIUS   TAPS 


FIG.  10.  RELATIVE  LOCATION  OF  PLANOB,  lUwtis  A»J>  V«TA  CoifWAom  TAW* 
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or  In  other  words,  before  the  orifice  plate  has  had  any  effect  on  the  flow, 
and  after  the  recovery  in  pressure  has  been  completed.  The  use  of  pipe 
or  full-flow  taps  has  been  limited  to  the  metering  of  natural  fuel  gas  in 
certain  areas.  As  they  are  not  suited  to  use  in  heating  and  ventilating 
work  no  data  for  them  are  given  in  this  chapter. 

Still  another  type  of  pressure  tap,  the  corner  tap,  is  used  in  European 
practice.  Pressures  are  taken  from  recesses  in  the  flange  connected  to 
annular  slits  in  the  comers  formed  by  the  pipe  wall  and  the  orifice  plate. 
Coefficients  for  these  taps  have  been  adopted  by  the  International  Standards 
Association,  but  are  not  used  commercially  in  America. 

It  will  be  noted  that  the  location  of  the  downstream  pressure  tap  of 
the  vena  contracta  arrangement  is  variable.  Vena  contracta  is  the  term 
applied  to  the  minimum  cross-section  of  the  jet  from  the  orifice,  where 
the  static  pressure  is  at  a  minimum.  Its  location,  and  the  location  of 
the  downstream  vena  contracta  tap,  vary  with  the  ratio  of  orifice  to 
pipe  diameter,  and  with  rate  of  flow,  as  shown  in  Fig.  11;  the  tap  is 
generally  located  in  accordance  with  the  mean  curve  in  the  figure. 


0.2 
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PIPE    DIAMETERS 


Fio.  11.  LOCATION  OF  VBNA  CONTRACTA  IN  RELATION  TO  RATIO  OF  ORIFICE 

TO  PlPE  DlAMETJSK  AND  TO  RATE  OF  FLOW 


Expansion  Factor  for  Gases 

The  expansion  factor,  F,  for  gases  (for  liquids,  F 

the  empirical  formula 

F  *  1  -  (0.41  + 


1)  is  found  from 
(59) 


This  is  applicable  to  flange,  radius,  and  vena  contracta  taps. 
Values  of  Y  for  air,  computed  from  these  equations,  are  given  in  Fig,  12. 

Computing  Orifice  Discharge 
With  this  information  it  Is  possible  to  compute  the  discharge  from  an 

orifice  if  the  Reynolds  number  is  known.    Here  an  odd  complication  is 

encountered— when  the  value  of  Nm  is  computed,  the  rate  of  flow,  which 
is  the  unknown  quantity,  must  be  used  in  the  computation.  However, 
it  will  be  noted  in  Figs.  7,  8,  and  9  that  the  orifice  coefficient  does  not 
change  greatly  as  Nm  changes.  If,  then,  an  estimate  is  made  of  the 
velocity,  using  this  in  computing  NX*  and  if  the  corresponding  coefficient 
is  used  in  Equation  68,  a  value  for  the  rate  of  flow  will  be  found.  Using 
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this  velocity  to  compute  a  corrected  value  of  JVn®  and  Repeating  the 
process,  a  more  nearly  correct  value  of  Qt  is  found.  This  cut-and-try 
method  may  be  continued  for  several  more  cycles,  but  generally  the  first 
or  second  correction  will  be  found  sufficient. 

Another  method  would  be  to  use  the  value  of  K  corresponding  to 
2VBe  =  co  9  modifying  this  with  a  factor  involving  the  rate  of  flow,  deter- 
mined from  the  temperature,  and  the  differential  and  static  pressures. 
This  method  is  used  by  the  American  Gas  Association^ 

STEAM  FLOW  MEASUREMENT 

While  steam  may  be  considered  as  a  gas,  its  measurement  differs  from 
that  of  the  usual  gases  because  of  a  number  of  factors*  Equation  52 
serves  as  the  starting  point.  Since  it  is  usual  to  measure  the  differential 
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Fio.  12.  EXPANSION  FACTOR  FOR  AIE  AND  OTHBK  DIATOMIC  GABKS 
TO  FLANGE,  RADIUS  AND  VENA  CONTRACTS  TAPS 

pressure  in  inches  of  water,  it  is  necessary  to  convert  h  >  the  head  in  feet 
in  terms  of  the  flowing  fluid,  to  h^9  the  actual  head  in  inches  of  water, 
using  the  equation  : 


where 

Pvr  «  the  density  of  water  at  60  F  (02.37  ib  per  cu  ft)* 
P  «  tta  density  of  the  flowing  fluid, 

Substituting  Equation  60  in  Equation  52  gives 


- 359.15  JSW 


(01) 


In  steam  measurement,  a  constant  head  of  water  is  maintained  over 
each  leg  of  the  manometer  by  means  of  conclerwing  chambers,  In  order 
to  keep  the  heat  of  the  steam  away  from  the  meter,  As  the  mercury 
level  fluctuates,  the  difference  in  head  as  recorded  on  the  ehurt,  therefore, 
is  not  that  due  to  mercury  alone,  but  to  mercury  minui  an  equivalent 
head  of  water.  To  correct  for  this,  the  equation : 

„    12,557 


is  applied  to  Equation  61.    The  denominator  in  Equation  62  is  the 
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gravity  of  mercury;  and  the  numerator  is  the  difference  in  specific  gravity 
between  mercury  and  water.    Hence,  Equation  61  becomes 

Qf  =  345.65  KD£  j  A?  (63) 

Steam  is  commonly  measured  in  terms  of  weight,  and  since 

where 
Wh  =  the  rate  of  flow  in  pounds  per  hour. 


(64) 


(65) 

The  expansion  factor  Y,  and  the  factor  P,  correcting  for  the  expansion 
of  the  orifice  plate  with  the  temperature,  must  then  be  applied,  so  that 


which  is  the  final  form  of  the  equation  for  the  flow  of  steam  through  orifices. 
Values  of  K  may  be  obtained  from  Figs.  7,  8,  and  9,  according  to  the 
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FIG.  13.  VABIATIQN  OF  OEIFICB  PLATB  EXPANSION  FACTOK,  P, 

WITH  TBMPBEATTJRB  AND  MATBBIAL 

pressure  taps  used*  Y  may  be  computed  from  Equation  59.  Fig.  13 
gives  values  of  the  correction  factor  P,  according  to  the  temperature 

and  the  material  of  the  orifice  plate.  Values  of  the  density,  p,  may  be 
obtained  from  steam  tables,  such  as  Keenan  and  Keyes/  which  are  widely 

used* 

METERING  LIQUIDS 

Orifices  are  also  used  for  metering  liquids,  and  Equation  52  serves  again 
as  a  starting  point  for  developing  the  working  formula.    Again,  it  is 

necessary  to  convert  hi  to  A»* » the  actual  head  in  inches  of  water,  by  sub- 
stituting Equation  60*  It  is  also  necessary  to  correct  for  the  weight  oHhe 
fluid  above  the  manometer,  and  since  this  may  be  other  than  water,  it  is 
better  to  use  aa  equation  of  more  general  form  than  Equation  62 : 


13,557  -  — 


11557 


(67) 
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pi  «  the  density  of  the  fluid  over  the  mercury  In  the  manometer. 
pw  =  the  density  of  water  at  60  F. 

Substituting  Equations  60  and  67  in  Equation  52  gives 


Qf  -  44.764 KDf  A/h*  (-  ~  0.00118  J 


(68) 


Then,  since  liquids  are  generally  measured  in  gallons  instead  of  cubic 
feet,  and  since  there  are  7.4805  gal  in  1  cu  ft, 

Qw  -  334.86  KDf  jJ^  (l-  0.00118^  (69) 

in  which  Q*  is  the  discharge  or  rate  of  flow,  in  gallons  per  hour, 


FIG.  14.  SHAPE  OP  ASME  LONG-  BADIUS  NOJBZ&B  WHKN  RATIO  OP  THKOAT 

TO  PlPB  DlAMBTEB  18  0.53  OR  LfiSS 

Since  liquids,  for  practical  purposes,  are  incompressible,  no  expansion 
factor  is  necessary.  If  circumstances  demand,  the  factor  P  for  the  ex 
pansion  of  the  orifice  may  be  applied.  Also,  if  it  is  necessary  to  correct 
the  volumetric  discharge  to  a  base  temperature,  application  of  the  known 
expansion  characteristics  of  the  liquid  will  enable  the  convention  to  tie 
made.  Values  of  K  again  are  obtainable  from  Figs,  7, 3,  and  9t  according 
to  the  type  of  pressure  tap. 

NOZZLE  COEFFICIENTS  AND  EXPANSION  FACTORS 

Nozzles  differ  from  orifices  in  that  the  flow  is  guided  to  the  throat  In 
such  a  way  that  contraction  of  the  jet  is  suppressed,  or,  In  other  worthy 
there  is  no  vena  contracts.  Because  of  this  faot,  the  ara 

different  from  those  of  orifices,  and  are  very  close  to  unity  tha 

velocity  of  approach  factor  is  added.  Also,  the  expansion  faetor  be 
deduced  rationally,  rather  than  empirically,  as  with  orifices, 

Two  shapes  of  nozzles  that  kaye  bean  under  inveatigatioQ  by  the 
for  some  time  are  show!  In  Pigs.  14  and  15,  Ttey  aw 


Fluid  Flow  93 

to  as  long-radius  nozzles.  Their  contour  is  that  of  a  semi-ellipse,  and  the 
contracting  portion  is  followed  by  a  cylindrical  section  of  the  same  area 
as  the  throat.  The  shape  shown  in  Fig.  14  is  designed  for  use  with  ratios 
of  throat  to  pipe  diameter  of  0.53  or  less;  that  of  Fig.  15  for  ratios  of  0.4 
to  0.7,  The  most  usual  location  of  pressure  taps  is  1  pipe  diameter  up- 
stream and  |  diameter  downstream,  both  measured  from  the  plane  of 
the  nozzle  inlet.  In  addition,  the  International  Standards  Association 
has  adopted  still  another  shape  of  nozzle,  which  has  a  somewhat  sharper 
approach  than  the  A.S.M.E.  nozzles,  and  which  uses  corner  taps.  Very 
little  use  of  this  nozzle  has  been  made  in  this  country. 

The  formulas  already  given  for  orifices  apply  equally  to  nozzles  except 
for  discharge  coefficients,  and  for  the  expansion  factor,  when  it  is  applied. 
Discharge  coefficients  for  nozzles,  as  for  orifices,  vary  with  pipe  size; 
they  may  either  increase  or  decrease  with  decreasing  size  of  pipes,  depend- 
ing on  the  sharpness  of  the  approach  curvature  of  the  nozzle.  For  the 
A.S.M.E.  nozzles,  they  tend  to  decrease.  Generally  speaking,  too,  the 


Fio.  15*  SHAPE  OF  ASMM  LONG  RADIUS  NOZZLE  WHEN  RATIO 
OF  THKOAT  TO  PIPE  DIAMETER  is  0.4  TO  0.7 


coefficient  for  a  given  nozzle  shape  is  higher  if  the  finish  of  the  surface 

is  smoother* 

Discharge  coefficients,  (7,  for  pipes  2,  6,  and  10  in,  in  diameter  are 

given  in  Figs.  1(5, 17,  and  18,  as  correlated  by  Beam,  Beitler  and  Sprcnkle,5 
as  functions  of  the  diameter  ratio  ft  and  the  Reynolds  number  N^  (Equa- 
tion 70)  referred  to  the  diameter  of  the  throat  in  feet. 


(70) 


Coefficients  from  these  curves  must  be  multiplied  by  ^—^  ,  the  velocity 

V 1  —  p4 
of  approach  factor,  In  accordance  with  Equation  50,  to  obtain  the  value 

of  K  to  use  In  the  various  equations. 

The  expansion  factor  for  nobles,  designated  by  ^,  is  obtained  from  a 
rational  formula,  as  already  noted: 
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FIG.  16.  RELATION  OF  NOZZLE  DISCHARGE  COEPFICIBNT,  C,  FOE  2-1  NCH 

TO  DlAMETBE  RATIO  AND  REYNOLDS   NUMBKH 


(  JL  }  ( i  -  fo/w  *~l/^  (     *  -  #*     ) 

\k  —  I/  \  1  —  p2/pi          /  \1  —  P4(p*/pi)*fk/ 


(71) 


This  formula  is  plotted  for  k  =  1*40  (air  and  other  diatomic  &'i8os)  uml  1 ,30 

(steam,  carbon  dioxide,  natural  gas)  in  Figs.  19  and  20,  respectively. 


1,00 


0.95 


FIG.  17,    RHLATION  OF  NOJSZLB  DISCHABOB  OOJ&F^ICXKKT.  C',  »« 

t>*" U?  TO  DlAMBTBE  ^ "' 
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BY 

There  remains  one  other  head  type  meter  useful  in  ventilating  work, 
the  Pitot  tube,  named  for  the  Frenchman  who  discovered  the  principle. 
The  Pitot  tube  is  essentially  a  bent  tube  with  its  open  end  pointed  up- 
stream, combined  with  another  tube  with  Its  end  pointed  crosswise  to  the 
flow  or  downstream,  or  connected  to  openings  crosswise  to  the  flow.  Used 
with  flowing  liquid,  the  liquid  will  rise  in  each  tube,  but  higher  in  the  one 
pointed  upstream.  Used  with  a  flowing  gas,  and  the  two  tubes  connected 
by  a  U-tube  containing  water,  the  liquid  level  in  the  U-tube  will  be  dis- 
placed, with  the  lower  level  on  the  side  connected  to  the  tube  pointed  up- 
stream. The  tube  directed  upstream  receives  the  impact  pressure,  which 
is  the  sum  of  the  static  and  kinetic  pressures,  while  the  tube  directed 
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Fro,  18.    RELATION  OF  NQXZLB  DISCHARGE  COEFFICIENT,  C,  FOE  IO-INCH 

PlFB,  TO  DlAMKTMR  RATIO  AND  REYNOLDS  NUMBER 

crosswise  receives  only  the  static  pressure.  The  difference  between  the  two, 
as  read  on  the  separate  tubes  or  on  the  U-tube  is,  of  course,  the  kinetic 
pressure.  The  velocity  is  expressed  as 


F  « 


(72) 


Application  of  Equation  60  servos  to  make  the  formula  general,  assum- 
ing that  water  is  used  in  the  manometer  connecting  the  two  tubes.  Using 
this  equation,  and  multiplying  by  60  to  convert  feet  per  second  to  feet  per 
minute, 


1006.5 


(73) 


in  which  Fra  is  the  rate  of  flow  In  feet  per  minute. 

It  is  often  difficult  to  obtain  the  exact  static  pressure.  In  the  usual  con- 
struction of  Pitot  tubc^  the  static  pressure  openings  ate  downstream  from 
the  impact  pressure  opening,  and  turbulence  induced  by  the  nose  may 
affect  the  static  pressure  reading.  If  the  static  pressure  openings  point 
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downstream  in  any  degree,  a  suction  effect  is  produced  to  falsify  the 
reading.  In  instruments  having  the  static  pressure  opening  pointed  down- 
stream, the  coefficient  may  be  as  low  as  0.86.  Consequently,  for  accurate 
work,  Pitot  tubes  should  be  calibrated,  and  the  pertinent  coefficient  should 
be  applied  to  Equation  72.  In  a  sense,  this  coefficient  is  advantageous, 
since  it  results  in  a  higher  differential  reading,  which,  in  turn,  enables  more 
accurate  readings  at  low  flows. 

In  using  Pitot  tubes,  it  is  generally  necessary  to  make  a  traverse  of  the 
pipe  or  duct  to  determine  the  course  of  the  velocity  pattern.  In  a  pipe, 
for  instance,  one  of  the  profiles  shown  in  Fig.  5  would  be  obtained.  Near 
a  valve  or  fitting,  however,  the  profile  might  be  quite  distorted,  a  fact 
which  would  be  revealed  by  the  traverse.  If  the  pipe  or  duct  i«  divided 
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FIG.  19.    RELATION  OF  EXPANSION  Fio.  20,    RELATION  OF 

FACTOR,  <?,  FORNOZZLHS  TO  DIAMISTJBB  FACTOR, ^»  POKNOZZLKHTO  DUMETKB 

RATIO  AND  PRESSURE  Loss  FOE  AIR  RATIO  AMD  PEKABUKK  Lotm  FOR »STB AM » 

AND  OTHER  DIATOMIC  GASBS.  CARBON  DIOXIDS  AND  NATUIU**  GAS. 

into  equal  areas,  and  a  determination  of  /w  is  made  for  eadi,  the  average 
velocity  would  be  obtained  by  using  the  average  of  the  Biftuire  rtx>ts  of 
Aaw  in  Equation  73. 

INSTALLATION  OF  NOZZLES  AND  ORDP1CES 

A  final  note  should  be  made  of  the  installation  of  orifices  iincl 
Generally  speaking,  the  orifice  or  nozale,  together  with  a  holding  arrange- 
ment, including  pressure  taps,  is  available  from  the  manufacturer.  In 
making  the  installation,  the  user  should  make  certain  that  the  flow  ap- 
proaching the  nozzle  or  orifice  is  steady  and  evenly  distributed*  *.«.,  with 
velocity  profiles  similar  to  those  shown  in  Fig,  5,  Fitting*  and  valviw, 
which  tend  to  direct  the  flow  to  one  side  and  which  in  it 

to  rotate  as  it  advances,  must  be  far  enough  upstream  from  the  or 

nozzle  to  permit  the  disturbed  stream  to  straighten  out  to  the 
before  reaching  the  meter.    Minimum  conditions  in  the  fur 

avoiding  trouble  from  fittings  and  valves  are  shown  in  Fig.  2L  If 
sary,  straightening  vanes  may  be  used  upstream  from  the  orifice  or 
at  a  distance  of  not  less  than  8  pipe  diametew* 
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VARIABLE  AREA  FLOW  METERS 

In  the  routine  measurements  of  many  liquids  and  gases,  satisfactory 
results  may  be  obtained  by  the  use  of  variable  area  flow  meters,  frequently 
called  rotameters.  In  their  most  common  form  these  devices  consist 
essentially  of  a  float  which  is  free  to  move  vertically  in  a  transparent 
tapered  tube.  The  fluid  to  be  metered  enters  at  the  narrow  bottom  end 
of  the  tube  and  moves  upward,  passing  at  some  point  through  the  annulus 
formed  between  the  float  and  inside  wall  of  the  tube.  At  any  particular 
rate  of  flow  the  float  assumes  a  definite  position  in  the  tube,  its  location 
being  indicated  by  means  of  a  calibrated  scale  on  the  tube. 
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Fio.  21.    MINIMUM  CONDITIONS  TO  BB  OBSERVED  WHBN  INSTALLING  OKIFICBS  AND 

NOZZLES  BETWEEN  FITTINGS  AND  VALVES 


The  position  of  the  float  is  established  by  a  balance  between  the  fluid 
pressure  forces  across  the  annulus  and  the  weight  of  the  float  itself.  The 
buoyant  force  which  must  support  the  float,  vi(pt  —  p),  Is  balanced  by  the 
pressure  difference  acting  on  the  cross  section  area  of  the  float,  A*Ap, 
where  pr,  Ac,  v^  are,  respectively,  the  float  density,  float  croas  section  area, 
and  float  volume*  Accordingly,  the  difference  in  head  across  the  annulus 
Is  given  by 


(74) 


The  volume  flow  follows  from  equation  (51)  as 


(75) 
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and  the  mass  flow  as 


The  flow  for  any  selected  fluid  is  accordingly  very  nearly  proportional 
to  the  area  so  that  a  convenient  calibration  oi%  the  tube  may  be  obtained. 
The  behavior  of  the  flow  coefficient,  K,  has  been  investigated*  and  the  ac- 
tion of  the  flow  meter  as  just  outlined,  experimentally  confirmed.  The 
flow  coefficient  variation  for  any  float  must  be  known  in  order  to  use  the 
meter  for  different  fluids.  Some  developments  have  been  carried  out  in 
the  design  of  the  float  to  reduce  the  variation  of  the  flow  cooUiciont  with 
Reynolds  number,  and  also  on  float  materials  to  reduce  the  dependence  of 
mass  flow  calibration  on  fluid  density. 

This  type  of  flow  meter  is  usually  furnished  in  standard  sizes  calibrated 
for  specific  fluids  by  the  manufacturer.  The  compactness,  reliability,  mid 
ease  of  installation  are  particularly  advantageous  when  many  measure- 
ments of  essentially  the  same  type  are  to  be  made. 

LETTER  SYMBOLS  USED  IN  4 

j8  »  ratio,  throat  or  orifice  diameter  to  pipe  diameter. 
fj,  =  absolute  viscosity,  pounds  per  foot  second. 
ju/p  ~  kinematic  viscosity^  square  feet  per  second. 
p  =  density  of  flowing  fluid,  pounds  per  cubic  foot, 
pw  «  density  of  water  at  60  F  (62.37  Ib  per  cubic  foot). 
Pf  =  density  of  fluid  over  mercury  in  a  manometer. 
<p  =  expansion  factor  for  nozzles. 
a  =  velocity  of  sound,  feet  per  second. 
A  =  cross-sectional  area  of  flow,  square  feet. 
C  —  correction  factor  (coefficient  of  discharge)  for  flow  through  orifico,  nozzle 

or  VenturL 

cp  «  specific  heat  of  gas  at  constant  pressure. 
CY  —  specific  heat  of  gas  at  constant  volume. 
D  =  diameter  of  fluid  stream,  foot. 
d  ««  internal  diameter  of  pipe,  feet. 
e  «  absolute  roughness  of  pipe  surface,  foot. 
/  s»  dimensionless  friction  coefficient, 
g  «»  gravitational  acceleration,  feet  per  (second)  (secjond). 
g0  SB  gravitational  con  version  factor  **  32.174  (pounds  ma»a  ptT  puuinl  furew) 

X  feet  per  (second)  (second). 
G  =*  specific  gravity  of  gas  referred  to  air. 
h  as  enthalpy,  Btu  per  pound  of  fluid, 
&aw  —  loss  of  head,  inches  of  water. 
h  aa  loss  of  head,  feet  of  fluid* 
hi  »  total  head,  feet  of  fluid, 
h*  «=  differential  pressure,  inches  of  water, 
J  «  mechanical  equivalent  of  heat  «  778  foot  pound**  pnr  Btu. 
K  as  flow  coefficient  (correction  factor),  including  velocity  of  approach  correc- 
tion factor,  for  flow  through  orifice,  nozzle  or  Vcnturi. 
Js  "  ratio  of  specific  heat  at  constant  pressure  to  specific  hoat  fit  ooiMtJUit  vol- 
ume. 

L  =  perpendicular  distance  from  axis  of  pipe,  feet. 
I  *»  length  of  pipe,  feet* 
M  »  Mach  number. 
iV"Be  as  Reynolds  number, 

P  =  correction  factor  for  expansion  of  orifice  plate  with  temperature. 
p  »  pressure,  pounds  por  square  foot- 
^°  »  stagnation  pressure. 
p«  «*  critical  pressure* 
,/\  »  standard  pressure  to  which  correction  is  to  bo  ziuuitt,  pounds  |»ur  »<|jfitr« 

inch,  absolute. 

Pf  »  pressure  of  gas  flowing,  pounds  per  sauare  inch,  absolute. 
Qb  **  rate  of  flow,  cubic  feet  per  hour  under  standard  conditions  of 
and  temperature. 
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Qt  =  rate  of  flow,  cubic  feet  per  hour. 
QB  =  discharge  rate,  cubic  feet  per  second. 
Qw  =  rate  of  flow,  gallons  per  hour. 

q  =  heat  transferred  to  the  fluid  per  pound  of  fluid  flowing. 
R  =  gas  constant. 

R-R  =  hydraulic  radius  =  ratio  of  area  of  cross-section  to  wetted  perimeter. 
r  =  radius  of  pipe  in  feet. 

s  =  entropy  of  fluid  in  Btu  per  (pound)  (Fahrenheit  degree). 
T  =  temperature,  Fahrenheit  degrees,  absolute. 

Tb  =  standard  temperature  to  which  correction  is  to  be  made,  Fahrenheit  de- 
grees  absolute. 

Tt  =  temperature  of  gas  flowing,  Fahrenheit  degrees,  absolute. 
u  =*  internal  energy,  Btu  per  pound  of  fluid. 
V  =  velocity,  feet  per  second. 
ye  =  critical  velocity  >  feet  per  second. 
V*o  =  velocity  of  sound,  feet  per  second. 
Vm  =  velocity,  feet  per  minute. 
v  =  specific  volume,  cubic  feet  per  pound. 
W  =  mechanical  work,  foot  pounds  per  pound  of  fluid  flowing. 
w  =  weight  of  gas  flowing,  pounds  per  second. 
Wh  =»  weight  of  gas  flowing,  pounds  per  hour. 

Y  »  expansion  factor— correcting  for  expansion  of  gas  under  reduced  down- 
stream  pressure. 
z  »  elevation  above  some  arbitrary  datum,  feet. 
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CHAPTER  S 

HEAT  TRANSFER 

Conduction,  Convection,  Radiation;  Equations  for  Conduction,  Convection,  Radi- 
ation and  Combined  Convection  and  Radiation;  Heat-Flow  Resistance,  in 
Scries  and  Parallel;  Practical  Heat  Transfer  Problems 


HEAT  is  that  form  of  energy  that  is  transferred  by  virtue  of  an  existing 
temperature  difference.  The  temperature  difference  is  the  potential 
which  causes  the  transfer,  the  latter  in  turn  being  resisted  by  the  thermal 
properties  of  the  material  combined  in  a  single  term  known  as  the  resis- 
tance. Energy  exchange  associated  with  evaporation,  condensation,  etc., 
is  treated  elsewhere  such  as  in  the  section  on  cooling  tower  design  in 
Chapter  34.  The  objectives  of  this  chapter  are  to ; 

1.  Describe  the  mechanisms  and  present  the  rate  equations  for  the  different  modes 
of  heat  transfer. 

2.  Illustrate  the  application  of  the  basic  concepts  to  steady-state  problems  (tem- 
perature independent  of  time  or  acyclic  variable  thereof)  by  means  of  several  typical 
solutions  of  heut  transfer  systems. 

Further  applications  to  specific  systems  will  be  found  throughout  THE 

GUIDE* 

CONDUCTION,  CONVECTION  AND  RADIATION 

Thermal  conduction  is  the  term  applied  to  the  mechanism  of  heat  trans- 
fer whereby  the  molecules  of  higher  kinetic  energy  transmit  part  of  their 
energy  to  adjacent  molecules  of  lower  kinetic  energy  by  direct  molecular 

action*  Since  the  temperature  is  proportional  to  the  average  kinetic 
energy  of  the  molecules,  thermal  transfer  will  occur  in  the  direction  of 
decreasing  temperature.  The  motion  of  the  molecules  is  random;  there 
is  110  riot  material  flow  associated  with  the  conduction  mechanism,  In 
the  case  of  flowing  fluids,  thermal  conduction  is  significant  in  the  region 
very  close  to  a  solid  boundary  or  wall,  for  in  this  region  the  flow  is  laminar, 
parallel  with  the  wall  surface,  and  there  are  practically  no  cross  currents 
in  the  direction  of  the  heat  transfer  across  the  solid  fluid  boundary.  In 
solid  bodies  tho  aignificant  mechanism  of  heat  transfer  is  always  thermal 
conduction* 

Contrasted  to  the  thermal  conduction  mechanism,  thermal  convection 
involves  energy  transfer  by  eddy  mixing  and  diffusion1  in  addition  to 
conduction.  This  is  shown  schematically  in  Fig,  1  which  exhibits  transfer 
from  a  pipe  wall  at  surface  temperature  U  to  a  colder  fluid  at  a  bulk  tem- 
perature it.  (Bulk  temperature  is  that  which  would  be  attained  if  the 
fluid  Htrenxn  were  drawn  off  at  a  certain  section  and  mixed.  It  is  therefore 
slightly  higher  than  the  lowest  temperature  in  the  stream).  In  the 
laminar  sublayer,  immediately  adjacent  to  the  wall,  the  heat  transfer 
oeeurn  hy  thermal  conduction;  in  the  transition  region,  which  is  called 
tho  buffer  layer,  eddy  mixing  as  well  as  conduction  effects  are  significant ; 
in  the  eddy  or  turbulent  region  the  major  fraction  of  the  transfer  occurs  by 
eddy  mixing* 

In  most  commercial  equipment  the  main  body  of  the  fluid  is  in  turbu- 
lent flow,  and  the  laminar  film  exists  at  the  solid  walls  only,  as  shown  in 
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Fig.  1,  but  in  cases  of  low-velocity  flow  in  small  tubes,  or  with  viscous 
liquids  such  as  heavy  oil  (low  Reynolds  numbers),  the  entire  flow  may  be 
laminar.  In  these  latter  cases  there  is  no  transition  or  eddy  region. 

When  the  fluid  currents  are  produced  by  sources  external  to  the  heat 
transfer  region,  as  for  example  by  a  pump,  the  described  solid  to  fluid  boat 
transfer  is  termed  forced  convection.  In  contrast,  if  the  fluid  currents  arc 
generated  internally,  as  a  result  of  non-homogeneous  densities  arising 
from  the  temperature  variations,  the  heat  transfer  is  termed  /ra?  convection. 

In  the  conduction  and  convection  mechanisms  heat  is  transferred  as 
internal  energy,  i.e.,  the  random  molecular  kinetic  energy  associated  with 


Laminar  region 
Buffer  region 


Eddy  region 


FIG.  1.  THBKMAL'^CONVBCTION  CONDITIONS 

the  material  temperature.  For  radiant  heat  transfer y  however,  a  change 
in  energy  form  takes  place  from  internal  energy  at  tho  source,  to  electro- 
magnetic energy  for  transmission,  then  back  to  internal  energy  at  tho 
receiver. 

The  rate  of  heat  transfer,  corresponding  to  the  three  transfer  mech- 
anisms previously  described,  may  be  expressed  by  three  rato 

TABLB  1.    APPROXIMATE  UNIT  THERMAL  CONDUCT! vra»s* 
Conductivity,  k  *»  Btu  per  (hr)  (sqfl)  (F  deg  per  in,) 


MATKRIAL 

k 

MATERIAL 

h 

Air         

0*168 

Lead  ... 

Aluminum*.,  .  „    »„„. 

1416.0 

Nickel  „  ,  «... 

Brass  (70  -  30)  
Cast-I  ron  .  «.. 
Copper  «.  MMW»  

720.0 
336,0 
2640,0 

Soil...,.  ,™  „.., 
Steel,  inilcU  «,......*.. 
Water,  liquid.  •.  „»«.».»* 

2,4—12,0 
312,0 
4,08 

Glass.,.-..™,...*,...    «,.,.».*.„ 

3,6—7.32 

*  Thermal  conductivities  depend  to  some  extent  on  temperature.   Tho  zbov®  mftgnitacU*  m*  »pptwi» 
mate  only,   Kefer  to  Chapter  9,  and  Reference  4  foradditloiud  data. 

These  are  similar  to  Ohm's  Law  for  electrical  flow,  the  current  flow  through 
a  resistance  being  proportional  to  the  potential  difference* 

Thermal  Conduction  Equation 

Equation  1  states  symbolically  that  the  thermal  conduction  per  unit 
transfer  area  normal  to  the  flow,  (dq)/(dA)9  Btu  per  (hour)  (square  foot), 
is  proportional  to  the  temperature  gradient  (dt)/(dL),  Fahrenheit 
per  foot.    The  proportionality  factor  is  termed  the  Hmnnal 
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k,  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  per  foot  of  thickness). 

(1) 


dg_  =     ,  ffc 

dA~~        dL 


The  minus  sign  on  the  right  side  of  the  equation  is  introduced  to  indicate 
positive  transfer  in  the  direction  of  decreasing  temperature.  Fig.  2  shows 
the  physical  significance  of  indicated  quantities. 

It  should  be  emphasized  that  the  thermal  conductivity  used  should  be 
expressed  in  consistent  units;  either  using  the  inch  or  foot  throughout. 

Expressions  of  conductivity  used  in  the  heating  field  are  usually  incon- 
sistent in  this  sense,  in  that  it  is  customary  to  refer  to  the  conductivity 
per  square  foot  but  for  one  inch  of  thickness.  This  custom  has  been  adopted 
for  the  reason  that  wall  thicknesses  are  usually  expressed  in  inches,  whereas 
if  expressed  in  feet,  decimal  or  fractional  thicknesses  would  result.  When 
dealing  with  flat  walls  no  complication  is  involved  in  using  the  inconsistent 


=  .k 
L~    KdL 


Fx0«  2.  THEEMAL  CONDUCTION  IN  A  FLAT  SLAB 

expression  of  conductivity*  However,  when  curved  or  spherical  walls  are 
considered,  considerable  complication  is  involved.  Therefore,  in  this 
diseuflHion  the  consistent  units  of  conductivity  expressed  in  Btu  per  (hour) 
(square  foot)  (Fahrenheit  degrees  per  one  foot  thickness)  are  used  throughout. 
GowlMctivity  valws  obtained  from  Chapter  9  or  Table  1  in  this  chaptery 
mmt  therefore  be  converted  for  me  in  the  calculations  of  this  chapter  by  dividing 
hy  IS.  As  an  example,  the  conductivity  of  brick  listed  as  5.0  in  Table  2 
of  Chapter  9,  becomes  0.42  when  used  in  the  calculations  of  this  chapter. 
Also,  it  should  Im  emphasized  that  in  order  to  make  the  calculations  and 
applications  consistent  in  this  chapter,  all  dimensions  of  thickness  must  be 
expressed  in  feet* 

Thermal  Convection  Equation 


dA 


-  ftoft,  -  td 


(2) 


This  rate  equation  states  that  the  thermal  convection  por  unit  transfer 
area  (<l<l)/(dA)9  Btu  por  (hour)  (square  foot)  is  proportional  to  the  tern- 
peritiuro  difference  (4—4)  which  SB  the  temperature  of  the  surf  ace  less 
that  of  the  fluid.  The  particular  fluid  temperature  to  iwe  for  a  given 
system  will  bo  noted  under  the  discussion  of  that  system.  The  propor- 
tionality factor  Is  termed  the  unit  convection  conductance  (sometimes  called 
the  film  coefficient  for  convection),  A0>  Btu  per  (hour)  (square  foot) 
(Fahrenheit  degree) .  These  convection  conditions  are  illustrated  in  Fig.  1 . 
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TABLE  2.    APPROXIMATE  UNIT  CONDUCTANCES  FOR  THERMAL   CONVECTION  FOB 

SEVEBAL  FLOW  SYSTEMS* 

Expressed  in  Convenient  Empirical  Form 


CASK 


SYSTEM 


UNIT  CONDUCTANCE 


FORCED  CONVECTION 


^D    .00*25  f   DG   V'Y^V'4 

1. 

Longitudinal   flow  in   cylinders,   turbulent 
region.    Fluid  being  heatedk 

k     m  °'°^5  (    vi    )     (k  ) 

For  (J5£_)  >  3000 

2. 

For  longitudinal  air  flow  in  cylinders  case  I 
reduces  to* 

ho  -  0.0036  G>*/D™ 

For  (  DG  \  >  <*Qdd 

V    (*    / 

3. 

For  longitudinal  water  flow  in  cylinders  case  1 
reduces  toe. 

&o  «  0.00486  (Z  -f  0,010  -S4- 

D«*% 

For  (~2|L)  >  3000 

4. 

Air  flow  normal  to  a  single  right  circular 
cylinder. 

&-  0*5  (£)+  0.178  **(£)'•" 

0. 

Air  flow  over  staggered  pipe  banks. 

k.  "0.061  (Af1  CM, 

^«0040  ^"^ 

6. 

Air  flow  over  single  spheres. 

^°  •"  "'^^   ^Tf.-w 
0  <  «  <  250  F 

7. 

Air  flow  over  plane  surfaces. 

Ad  -  I  +  0.22  F*, 
For  Ft  <  IS  fp» 
or  ^j  •  OJ3  Fa^8 
10  fp§  <  V»  <  100  fpt 

8. 

Air  flow  noraa!  to  finned  cylinders* 

A   **02  /-«^M  Jt? 

*•       6'2  1  3000  /      >•** 

0  <  *  <  250  F 

FREE  CONVECTION^ 


0. 

Single  horizontal  light  circular  cylinder  in  air. 

'fc-M,(4fS.)~ 

10. 

Vertical  surfaces  in  air. 

^  .  0,3  fa~t$9-* 

11. 

Top  surface  of  horizontal  plates  to  air. 

Ac  -  0,4  (ft-/*)  ••» 

12. 

Bottom  turface  of  horizontal  platci  to  air. 

*4  *»  0,2  (/l-.|ft)»« 

*  Heat  Transmission,  by  W,  H. 

b.  Fluid  properties  should  be  evaluated  at  the  atltbHMrtte  mmtt  fluid  temptntttim,  it  « 


•  These  expressions  are  applioable  to  longitudinal  flow  In  otbw  th»n  right  tlit 

hydraulic  radius  u  employed  us  the  conduit  dim^MioE  pammtt*.   For  tt^a«0leettlsif  I>  ••  4  MM 

d  For  low  rates  of  heat  tranajw  by  free  wiwsotloii  tho  «p<««ftt  d«w«^  tow&«I»  stro,  »»4  fw 
rates  increases  towards  0,33.   Th©  fpltowimp;  equ^tiow  <smployi»f  w  ptpottptt  ^ttftj  %  Q,tt  ait 


ait 
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The  heat  transmission  by  free  or  natural  convection  for  objects  sur- 
rounded by  air  can  be  conveniently  expressed  as  in  Equation  2a : 


ke.i8i 

e(^]  (^-}     ft. -fc)"7  (2a) 


where 


qc  =  heat  transmission  by  convection,  Btu  per  (square  foot)  (hour). 

C  =  a  constant  depending  upon  the  shape  of  the  surface. 

D  =  diameter  of  pipe  or  circular  duct  or  height  of  vertical  wall,  inches. 

(Effect  of  diameter  or  height  becomes  constant  at  24  in.) 
7\v  =  average  of  wall  surface  arid  surrounding  air  temperature,  Fahrenheit 

degrees  absolute. 

fe    —  h  —  temperature  excess  between  wall  surface  and  surrounding  air,  Fahren- 
heit degrees. 

For  horizontal  cylinders,  the  value  of  C  =  1.016  has  been  well  estab- 
lished by  various  investigations.  For  vertical  plates,  the  value  of  C  = 
1.394  has  boon  fairly  well  established.  Suggested  values2  of  C  for  hori- 
zontal plates  warmer  than  the  surrounding  air  are  1 .79  when  facing  upward, 
and  0.89  when  facing  downward. 

Problems  in  either  forced  convection  or  natural  convection  may  be  solved 
by  the  simple  first-power  equation  if  the  convection  coefficient  is  expressed 
as  a  unit  conductance : 

q0  «  fio  A  (U  ~  it)  (2b) 

where 

qG  «  heat  transmission  by  convection,  Btu  per  Hour. 
A  «*  surface  area,  square  feet. 
Ji  —  £a  •»  temperature  difference  between  the  surface  and  the  fluid,  Fahrenheit 

degrees. 

/ia  m  unit  conductance,  from  Table  2,  Btu  per  (square  foot)  (hour)  (Fahren- 
heit degree  temperature  difference. ) 

Thermal  Radiation  Equation 

The  relation  shown  in  Equation  3  is  usually  applicable  to  systems  in 


NOMENCLATURE  AND  DIMENSIONS  FOR  TABLE  2 

cp  »  lluid  unit  heat  capacity  at  constant  pressure,  Btu  per  (pound)  (Fahrenheit 

decree). 

D  «  cylinder  diameter,  feet, 
G  «•  3600  VV  *«  fluid  maas  velocity,  pounds  per  (hour)  (square  foot  of  flow 

cross-section), 

p  ««  density,  pounds  per  cubic  foot, 
hg  *•  unit  conductance  for  thermal  convection,  Btu  per  (hour)  (square  foot) 

(Fahrenheit  degree)* 
k  »  unit  thermal  conductivity  of  the  fluid,  Btu  per  (hour)  (square  foot) 

(Fahrenheit  degree  per  one  foot  thickness)* 
An  **  hydraulic  radius  of  the  flow  cross-section  »  flow  cross-section  area  per 

wetted  perimeter,  feet, 
3  *»  fin  spacing,  feet. 

t  »  average  fluid  film  temperature,  Fahrenheit  degree, 
fe  -  temperature  difference  surface  to  main  fluid,  Fahrenheit  degree, 
V»  «•  fluid  velocity,  feet  per  second. 
}A  •»  fluid  viscosity,  pounds  per  (hour)  (foot)  *  viscosity  in  centipoises  X  2,42» 
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which  radiant  exchange  takes  place  between  the  surfaces  of  solids,  as  sche- 

gr  ~  *AiFAFB  (ZY  -  TV)  (3) 

matically  shown  in  Fig.  3.  Gaseous  and  luminous  radiation  are  not  con- 
sidered in  this  discussion.  Equation  3  states  that  the  net  radiation  per 
unit  transfer  area  of  surface  1,  qT/A  Btu  per  (hour)  (square  foot),  which 
sees  surface  2  through  a  non-absorbing  medium,  is  proportional  to  the 
difference  of  the  fourth  powers  of  the  absolute  surface  temperatures 
(Ti4  —  T24).  The  proportionality  factor  (0-^/^22)  may  be  conveniently 
separated  into  three  parts : 

€r  =  the  Stefan-Boltzmann  radiation  constant  «  1730  X  10~*lf  Btu  per  (hour) 
(square  foot)  (Fahrenheit  degree  absolute  temperature  to  the  fourth  power). 

FA  =  the  configuration  factor  which  is  dimensionless  and  jg  1.  This  factor  accounts 
for  the  shape  and  relative  position  of  the  two  surfaces,  The  value  of  /<\  •»  1 
may  be  used  in  the  cases  of  large  parallel  planes,  long  concentric  cylinders  or 
smaller  bodies  in  large  enclosures, 

Fa  =  the  emissivity  factor  which  is  also  dimensionless  and  2s  1.    This  factor  ac- 


FIG.  3,    RADIATION  BBTWBBN  STOOTACBS 


counts  for  the  absorption  and  emission  characteristics  of  the  surface*  for  the 
radiation  which  exists.  Individual  emissivitios  («)  should  bo  Ukon  from 
labie  3  and  applied,  for  either  radiation  or  absorption,  as  follows: 

a.  *or  a  small  body  m  a  large  enclosure,  use  the  exnissivity  of  the  small  body 
only:  F®  »  «j.  J 

b,  For  large  parallel  planes,  long  concentric  cylinders  or  large  enclosed  bodies, 
use  both  omissivities  m  the  equation: 


The  radiation  under  black-body  conditions,  or  for  an  emiwrivity  of  1  0 
is  given  m  Table  4»  for  cold  surfaces  m  low  as  -38  P  to  warmer 
as  high  as  139  t.  ^  The  emisaivities  of  a  number  of  ordinarily 

encountered  in  engineering  practice  are  shown  in  Table  3,    For  radiation 
at  higher  temperatures  and  various  emissivities,  see  Table  5, 

Combined  Convection  and  Radiation 

It  should  be  noted  that  the  previous  equations  and  jriw  the  himt 

transfer  by  convection  and  by  radiation  computed  separately.    In  man? 
practical  cases  it  is  desirable  to  treat  convection  md  m  a 

combined  process,  using  a  first-power  equation: 

where  qn  is  the  total  heat  flow  due  to  radiation  aad  convection,  in  Btu 
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per  hour.  Values  of  hro,  the  surface  or  film  conductance  for  combined 
radiation  and  convection,  are  given  in  Chapter  9,  (Table  1  and  Fig.  3). 
Complete  tables  for  the  combined  heat  transfer  of  steam  and  hot  water 
radiators,  pipes,  coverings,  etc.,  will  be  found  in  the  appropriate  chapters. 
When  dealing  with  the  effect  of  operating  temperatures  upon  the  com- 

TABLE  3.    RADIATION  FACTORS  OK  EMISSIVITIES,  e.* 
For  the  determination  of  factor  F%  in  Equation  S 


CLASS 

SURFACES 

FRACTION  OF  BLACK-  BODY 
RADIATION 

ABSORPTIVITY 

FOR 

SOLAR 
RADIATION 

At  50-100  F 

At  1000  F 

I 

A  small  hole  in  a  large  box, 
sphere,  furnace,  or  enclosure 

0.97  to  0.99 

0.97  to  0.99 

0.97  to  0.99 

2 

Black  non-metallic  surfaces  such 
as  asphalt,  carbon»  slate, 
Daint.  Da*D€r  ,  . 

0.90  to  0.98 

0.90  to  0.98 

0.85  to  0.98 

3 

Red  brick  and  tile,  concrete  and 
stone,  rusty  steel  'and  iron, 
dark  paints  (red,  brown, 
green*  etc.)  .  .  

0.85  to  0.95 

0.75  to  0.90 

0.65  to  0.80 

4 

Yellow  and  buff  brick  and  stone, 
firebrick,  fire  clay,  

0.85  to  0,95 

0.70  to  0.85 

0.50  to  0.70 

5 

White  or  light-cream  brick,  tile, 
paint  or  paper,  plaster,  white- 
wash..,   

0.85  to  0.95 

0.60  to  075 

0.3  to  0.5 

6 

Window  glass.  

0,90  to  0.95 



Transparent4 

7 

Bright  aluminum  paint;  gilt  or 

bronze  paint.-.......*......  

0.4  to  0.6 

.......«..........*» 

0.3  to  0.5 

8 

Dull  brass,  copper,  or  alumi- 
num; galvanized  steel;  pol- 
ished iron.,...  ,  »....  

0.2  to  0.3 

0.3  to  0.5 

0.4  to  0.65 

9 

Polished  brass,  copper,  monel 

metal  ....«»..  „*......»,...„.,.... 

0.02  to  0,05 

0.05  to  0.15 

0.3  to  0.5 

10 

Highly  polished  aluminum,  tin 

plate,  nickel,  chromium..  

0.02  to  0,04 

0.05  to  0-10 

0.10  to  0,40 

*  Bnittlvittai  of  other  material  may  be  fouad  in  B©£ eranc©  4.   ft  Keflects  about  8  per  cent. 

bined  heat  transfer  of  a  given  piece  of  equipment  (as  for  instance  a  steam 
radiator),  another  form  of  equation  is  frequently  used : 

q,.  -  B  A  (h  -  **)»  (5) 

Values  of  n  in  this  equation  usually  range  from  L3  to  1.5  (see  Chapter  22). 

The  chief  advantage  of  this  equation  is  the  convenience  of  representing 
heat  transfer  performance  on  logarithmic  coordinates,  and  the  factor  B 
should  be  regarded  as  a  simple  constant  of  proportionality* 

HEAT-FLOW  RESISTANCE 

In  most  of  the  steady-state  heat  transfer  problems  encountered  In  air 
conditioning  applications,  more  than  one  of  tne  heat  transfer  mechanisms 
are  effective,  and  the  thermal  current  flows  through  several  resistances  in 
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series  or  in  parallel.  In  using  the  resistance  concept,  the  calculations  in- 
volved are  analogous  to  the  application  of  Ohm's  Law  in  electricity,  viz., 
the  heat  flow  or  thermal  current  is  directly  proportional  to  the  thermal 
potential  or  temperature  difference,  and  inversely  proportional  to  the 
thermal  resistance : 


tl  ~   fe 

R 


(6) 


Following  the  electrical  analogy,  when  there  is  a  thermal  current  flowing 
through  several  resistances  in  series,  the  resistances  are  additive  : 

R7  »  #j  -f  #2  4-  #3  +  ••  •  4-  Bu  (7) 

Similarly,  conductance  is  the  reciprocal  of  resistance,  and  for  heat  flow 

TABLE  4.    HEAT  TKANSMISSION  BY  RADIATION  FOR  BLACK-BODY  CONDITIONS* 
Expressed  in  Btu  per  (square  foot)  (hour) 


TEMP 

F 
PEG 

0 

-1 

-2 

-3 

~4 

-5 

-6 

7 

-8 

_9 

-30 

59.3 

58.7 

58.2 

57.7 

57.2 

56.7 

56.2 

55.7 

55.2 

54.7 

-20 

65.2 

64.7 

64.1 

63.5 

62.9 

62.3 

61.7 

61.1 

60.5 

59/> 

-10 

7L4 

70,8 

70.1 

69.5 

68.9 

68.3 

67.7 

67.1 

65.4 

65.E 

0 

78.0 

77.4 

76.7 

76.0 

75.4 

74.7 

74.0 

73.4 

72.7 

72.1 

0 

+1 

+2 

+3 

+4 

+5 

4-6 

+7 

+8 

+9 

0 

78.0 

78.7 

79.4 

80.1 

80.8 

81,5 

82.2 

82.9 

83,6 

84.3 

10 

85.0 

85.7 

86,5 

97.2 

88.0 

88.7 

89,4 

90.2 

90.9 

91.7 

20 

92.4 

93.3 

94.0 

94.8 

95.6 

96.4 

97.2 

98.0 

98.8 

99,6 

30 

100 

101 

102 

103 

104 

105 

105 

106 

107 

108 

40 

109 

110 

111 

112 

112 

113 

114 

115 

116 

117 

50 

118 

119 

120 

121 

122 

123 

123 

124 

125 

126 

60 

127 

128 

129 

130 

131 

132 

133 

134 

135 

136 

70 

137 

138 

139 

140 

142 

143 

144 

145 

146 

147 

80 

148 

149 

150 

151 

152 

153 

154 

155 

1S6 

157 

90 

159 

160 

161 

162 

163 

164 

166 

167 

16$ 

m 

100 

170 

171 

173 

174 

175 

176 

178 

179 

ISO 

182 

110 

183 

184 

185 

187 

188 

189 

191 

192 

193 

195 

120 

196 

197 

199 

200 

201 

203 

204 

206 

207 

209 

130 

211 

212 

214 

215 

217 

218 

220 

221 

222 

224 

^Example:  Radiation  from  walls  of  room  at  32  F  to  surface  at  —  25  F  for  effective  ftmltrivity  of  0,95  •* 
(102  —  62.3)  0.95  •-  37.7  Btu  per  (square  foot)  (hour). 


through  several  resistances  in  parallel,  the  conductances  are  additive: 
<V 


Ry 


.I  +  I+JL 


l 

R» 


Practical  Heat  Transfer  Problems 

The  use  of  these  relations  for  resistance  and  conductance  pos- 

sible the  solution  of  many  practical  heat  transfer  problems,  As  difKnuwod 
in  Chapters  9,  27  and  35,  the  practical  analyses  of  heat  tnuwfor  in  building 
walls,  in  fin-tube  coils  and  in  pipe  coverings,  are  usually  computed  by  thin 

method.  The  same  resistance  analysis  may  be  applied  to  complicated 
steady-state  conduction  problems-  Table  6  gives  the  in  nix 

common  cases  of  steady-state  conduction. 
A  complete  analysis  by  the  resistance  method  is  well  illustrated  by 
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considering  the  heat  transfer  from  the  air  outside  to  the  cold  water  inside 
of  an  insulated  pipe.  The  temperature  gradients  and  the  nature  of  the 
resistance  analysis  are  indicated  by  the  two  sketches  of  Fig.  4. 

Since  air  is  sensibly  transparent  to  radiation,  there  will  be  some  heat 
transfer  by  both  radiation  and  convection  to  the  outer  insulation  surface. 
The  mechanisms  act  in  parallel  on  the  air  side.  The  total  transfer  by 
radiation  and  convection  then  passes  through  the  insulating  layer  and  the 

TABLE  5.    TOTAL  HEAT  EMISSION  BY  EADIATION® 


BODT 
OB 

MKLAN 
RADIANT 

TlCMFBR- 
ATURK 

F  DEQ 

Radiation  in  Bha  per  (square  foot)   (hour) 
emitted  to  surroundings  with  a  tempera- 
ture of  absolute  zero  by  bodies  at  various 
temperatures  and  with  emissivity  factor  e 

BOOT 

OR 

MEAN 
RADIANT 
TEMPER- 
ATURE 
FDuG 

Radiation  in  Btu  per  (square  foot)  (hour)  emitted 
to  surroundings  with  a  temperature  of  absolute 
zero   by   bodies  at  various   temperatures  and 
with  emissivity  factor  « 

c 

1.00 

e 
0.95 

0.90 

e 

0.80 

1.00 

e 
0.95 

0.90 

0.80 

30 

99.7 

94.7 

89.8 

79.7 

71 

137.0 

130.1 

123.3 

109.7 

35 

103.9 

98.7 

93.6 

83.1 

72 

137.9 

131.0 

124.0 

110.3 

40 

108,0 

102.8 

97,2 

86.4 

73 

138.  9 

132.0 

124.9 

111.0 

45 

112.5 

106.9 

101.3 

89.0 

74 

140.2 

133.1 

126.1 

112.1 

46 

113.3 

107.7 

102.0 

90.8 

75 

141.6 

134.4 

127.4 

113.2 

47 

114.3 

108.6 

102.9 

91.5 

80 

147.2 

140.0 

132.5 

117.9 

48 

115.2 

109.5 

103.8 

92.3 

85 

152.9 

145.2 

137.6 

122.4 

49 

116,0 

110.3 

104.5 

92.8 

90 

158.5 

150.5 

142.7 

126.9 

50 

116.9 

111.0 

105.3 

93.6 

100 

170.3 

161.7 

153.2 

136.2 

51 

117.9 

112,0 

106.4 

94.4 

110 

182.3 

173.2 

164.2 

146.0 

52 

118.8 

112,9 

106.9 

95.1 

120 

195.6 

185.7 

176.1 

156.5 

53 

119.  S 

113.8 

107.8 

95.9 

130 

,210.9 

200.4 

189.8 

168.8 

54 

120.6 

114.6 

108,6 

96.6 

140 

224.1 

212.9 

201.8 

179,2 

55 

121.7 

115.5 

109.4 

97.3 

150 

238.0 

226.1 

214.4 

190.5 

56 

122.6 

116.4 

110.3 

98.1 

160 

252.1 

239.8 

226.9 

201.8 

57 

123.5 

117.4 

111.3  ' 

98.9 

170 

271.6 

258.0 

244.5 

217.2 

58 

124.4 

118.2 

112.0 

99.6 

180 

289.1 

274.9 

260.1 

231.3 

59 

125.3 

119.0 

112.8 

100.3 

190 

307.7 

292.1 

276.9 

246.1 

60 

126.3 

119.9 

113.8 

101.1 

200 

326,5 

310.2 

293.9 

261.3 

61 

127.1 

120.7 

114.4 

101.8 

210 

349.3 

331.9 

314.3 

279.5 

62 

128.2 

121,8 

115.3 

102.6 

220 

373.0 

354.4 

335.7 

298.2 

63 

129.1 

122.6 

116.2 

103.3 

250 

439.5 

417.6 

395.6 

351.6 

64 

130.1 

123.5 

117.1 

104.1 

300 

577.3 

548.2 

519.6 

461.8 

65 

131.0 

124,4 

117.9 

104,8 

350 

743.0 

705.8 

668.6 

594.3 

66 

132  A 

125.5 

118.8 

105*8 

400 

945.8 

898.5 

850.8 

756.5 

67 

133.0 

126.4 

119.7 

106.4 

450 

1181.0 

1121.0 

1063.0 

944.0 

68 

134.0 

127,3 

120,5 

107.2 

500 

1470.0 

1396.0 

1323.0 

1176.0 

69 

135.0 

128.3 

121.5 

108,0 

550 

1798.0 

1708.0 

1619.0 

1439.0 

70 

136  0 

129,3 

122.3 

108.8 

600 

2181.0 

2072.0 

1962.0 

1745.0 

11  Th<»»  fftototft  *»  calculated  from  the  formula      w&er« 

gr  *«  total  radiation,  Btu  per  (sq  ft)  (hr) 
e  »*  emissivity. 
T  *»  absolute  temperature,  Fahrenheit  degrees. 

pipe  wall  by  thermal  conduction,  and  thence  by  convection  and  radiation 

into  main  cold  water  streams*  (Radiation  is  not  significant  on  the  water 
side  aft  liquids  arc  sensibly  opaque  to  radiation,  although  water  transmits 
energy  in  the  visible  region).  The  contact  resistance  between  the  insula- 
tion and  the  pipe  wall  is  presumed  to  be  equal  to  zero, 

Inferring  to  Big.  4,  the  heat  transferred  for  a  given  length  N  of  pipe, 
qn,  Btu  par  hour,  may  be  thought  of  as  flowing  through  the  parallel 
resistances  R*  and  R6,  associated  with  the  insulation  surface  radiation  and 
convection  transfer.  Then  the  flow  is  through  the  resistance  offered  to 
thermal  conduction  by  the  insulation,  R$y  through  the  pipe  wall  resistance, 
JJas,  and  into  the  water  stream  through  the  convection  resistance,  R\. 
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Note  the  analogy  to  the  direct  current  electrical  circuit  problem.  A 
temperature  (potential)  drop  is  required  to  overcome  these  resistances  to 
the  flow  of  thermal  current.  The  total  resistance  to  heat  transfer^  RT, 
hour  Fahrenheit  degrees  per  Btu,  is  the  summation  of  the  individual 
resistances  : 


Rv  -  R,  +  #2  +  A  +  &4 
where  the  resultant  parallel  resistance  R+  is  obtained  from  : 


(9) 


I 
R, 


Rt 


Provided  the  individual  resistances  may  be  evaluated,  the  total  resistance 
can  be  obtained  from  this  relation.  Then  the  heat  transfer  for  the  length 
of  pipe  (N,  ft)  can  be  established  by  the  relation  : 


(Btu  per  hour) 


(*o  -  4) 

JR* 


(10) 


ta»120F 

2  in.  nominal  size  pipe 
I.  D,  2,067  in,  0.  0.  2.37b»n, 
lin^^—  insulation.  Wtttr 
|*  °  <o  o     velocity,  5  ft  per  second 


FIG,  4.    HBAT  TBANSFBE  CONDITIONS  IN  AN  INSULATKD  COLD  WATBE 
For  a  unit  length  of  the  pipe  the  heat  transfer  rate  Is : 

r~(Btu  per  hour  foot)  »  -£— -~  (H) 

The  temperature  drop,  A{,  through  an  individual  resistance  may  Uion  te 
calculated  from  the  relation: 


where  R  is  the  resistance  in  question* 

The  problem  is  now  reduced  to  one  of  evaluating  the  Individual 
ances  of  the  system.    This  entails  suitable  integration  of  Urn         Equa- 
tions 1,  2  and  3  to  produce  expressions  of  the  form : 


At 

1  a 


(12) 


where  q  is  the  heat  transfer  rate,  and  Al  is  the  potential  drop  or 

ture  difference  through  the  resistance  B*    Table  6         such  solutions  for 

six  different  conduction  systems.    Table  2  m  Chapter  0  and,  Table  1  of 
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TABLE  6.    SOLUTIONS  FOE  SOME  STEADY-STATB  THERMAL  CONDUCTION  PROBLEMS**  b 


SYSTEM 


Expressions  for  the  resistance  R  entering  into 
the  equation: 

q  m  &t/R  (Btu  per  hour) 


Flat  wall  or  curved  wall  if  curvature  is  small 
(wall  thickness  less  than  0.1  of  inside  dia- 
meter). 


Surface  area,  A 


At 


Radial  flow  through  a  right  circular  cylinder. 


Long  cylinder 
of  lerrglh,N 


(See  footnote  c). 


The  buried  cylinder. 


Long  cylinder     kr* 
of  length,  N 


For  ~  «  3,  a  satisfactory  approximation  is: 

log  e  —      cosh-1  — 
„  r  r 

^-ISBT" 


Radial  flow  In  a  hollow  sphere. 


R  m 


The  straight  fin  or  rod  heated  at  one  end. 


(see  footnotes  <*  and  *). 


tambient 


For  ml  >  2.3.  tanh  m  X  *» 


A  ««  conduction  cross-section  area. 

p  •»  perimeter  of  cross-section  A* 
h*  *»  unit  conductance  to  the  surrounding! 
from  the  fin  surface. 

k  «  thermal  conductivity  fin  material. 
M  «•  wall  temperature— ambient  temperature 


Finned  surface  ol  area  JET3, 


A/  defined  aa  in  Case  &  above. 


Surface  tret,  HB 


®  The  iilroensloi^  to  be  employed  in  these  •olutlcna  AT1©:  kngth  of  dimension  p.  Lt  r>  »  feat,  units  of  k  *» 
Btu  ptr  (hour)  (aau*re  foot)  (FwnrenWt  de^wa  for  one  foot  twckE««);  unite  or  A,  Btu  per  (hour)  (square 

foot)  {F»hr«ftlitlta«fwi«);  unit*  of  »r«»»  A  *»  »Q«arefeet- 

b  The  thermal  conductivity,  A,  SA  tbete  solmtlom  should  b©  taken  at  ih©  average  material  t©mp@ratwe 


d  Thte  «cpw««k>tt  <mn  «lao  b®  employed  M  an  approximation  for  tapewd  fina  or  of  aanular  fi»»  by  ®m- 
oyJnf  »Y«ra«  •  jnagintudc^  ol  A  and  P. 
*  tanh  k  tho  hyperbolic  tangent. 


112  CHAPTER  5  1950  Guide 

this  chapter  indicate  the  magnitudes  of  the  thermal  conductivities,  k,  to 
be  employed  in  the  expressions  of  Table  6,  after  dividing  ft  by  12. 

The  solution  applicable  to  the  problem  depicted  in  Fig.  4,  for  the  cal- 
culation of  &2  and  jR8,  is  case  2  in  Table  6.  Thus  for  a,  1  ft  length  of  2  in. 
nominal  size  pipe  (I.  D.  =  2.067  in.,  0.  D.  =  2.375  in.)  insulated  with 
1  in.  of  material  having  a  conductivity  of  0.025  : 

1.188 

8.5  X  lO"4  hr  Fahrenheit  degree  per  Btu, 


X  26  X  1 

,       2.188 

ge  1~188 

3.9  hr  Fahrenheit  degree  per  Btu. 


2?r  X  0.025  X  1 

The  convection  resistances  to  heat  transfer  from  the  pipe  wall  to  the 
cold  water,  J?i,  and  from  the  air  to  the  surface  of  the  insulating  material, 
R0,  are  dependent  on  the  flow  conditions  prevailing  at  these  surfaces,  and 
on  the  thermal  properties  of  the  fluids.  The  unit  conductances  for  thermal 
convection,  h0,  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree),  have 
been  determined  by  test  for  many  flow  systems.  These  data  may  be 
employed  to  predict  the  conductances  for  similar  flow  systems.  Table  2 
summarizes  some  empirical  equations  expressing  such  test  results, 

For  the  problem  under  consideration  (Fig,  4)  case  3  of  Table  2  is  ap- 
plicable for  the  calculation  of  the  cold  water  side  convection  resistance  /4. 
Corresponding  to  the  water  velocity  of  5  fps,  the  mass  velocity  is  ; 

0  «  5  (ft  per  sec)  X  62.4  (Ib  per  cu  ft)  X  3600  (soc  per  hr)  »  11  .2  X  10s  Ib  p«*r  (hour) 
(square  foot), 

The  inside  diameter  of  the  pipe  D  is  2,067/12  «  0.1725  ft, 

The  average  water  film  temperature  will  be  estimated  a«  30  F  (mixed 
mean  fluid  temperature  of  34  F).  Then  case  3,  Table  2  yields  : 

(11  2  x  106)0'8 
h,  -  0.00486(1  +  0.36)    -'j-  -  6^°  Btu  per  (hr)  (sq  ft)  (F  dog). 


The  transfer  area  on  which  this  conductance  is  based  is  tho  iiiBtde  tube 
area,    Associated  with  1  ft  length  of  pipe  there  are  ; 

2,067 
T  X  —  X  1  -  0,542  sq  ft. 

Thus  the  resistance  for  1  ft  of  tube  length  is  : 
Rl  "  "  ""  2'8  x  1( 


Case  9,  Table  2  is  applicable  for  calculating  tho  free  thermal  convection 
resistance,  RG)  existing  between  the  surrounding  air  and  the  mmiltitioxi. 

The  air  temperature  is  given  as  120  F*  As  an  "approximation  a  20  dc*g 
temperature  difference  between  the  air  and  the  pipe  surface  will  be  as- 
sumed. D  «  4.375/12  =  0,304  ft.  Then,  case  9  yields  ; 

(20  \*M 
—  -  1     «•  0.63  'Btu  per  (hour)  (square  laot)  (Fahroahtll  (10) 
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This  result  may  not  be  deemed  conservative  inasmuch  as  the  expression 
is  for  still  air.  If,  however,  the  air  is  not  still,  but  flows  at  approximately 
5  mph  or  7  fps  the  mass  velocity  corresponds  to  : 

G  =  7  X  0.07  X  3600  =  1770  Ib  air  per  (hour)  (square  foot). 

A  magnitude  of  k  =  0.014  Btu  per  (hour)  (square  foot)  (Fahrenheit 
degree  per  one  foot  thickness)  applied  to  case  4  yields  : 


«  0.017  +  2.8  =  2.8  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree). 

This  conductance  is  based  on  1  sq  ft  of  outside  lagging  area.  Thus,  since 
there  are  TT  X  (4.375/12)  =  1,14  sq  ft  of  outside  lagging  area  associated 
with  1  ft  length  of  pipe  : 


1.14: 


0.312  hr  Fahrenheit  degree  per  Btu. 


The  radiation  resistance,  -Br,  which  acts  in  parallel  with  the  convection 
resistance,  /4,  for  the  transfer  of  heat  to  the  surface  of  the  insulation,  may 
be  calculated.  For  the  purposes  of  this  illustrative  problem  it  will  be 
assumed  that  the  insulated  pipe  is  exposed  to  (sees)  surroundings,  which 
exist  at  120  F.  Then  the  angle  factor,  FA,  is  unity  and  for  an  estimated 
surface  emissivity  of  0.9  (see  Table  3),  F&  =  0.9.  As  a  first  approximation 
the  insulation  surface  temperature  will  be  estimated  as  20  deg  below 
the  surroundings  at  120  F.  Then  the  radiation  per  degree  of  temperature 
difference,  by  Equation  3  (or  more  conveniently  by  Table  6)  divided  by 
the  temperature  difference  will  be  : 

hr  »      —  —  -—  --  »  1.17  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree). 

The  outside  surface  area  of  the  insulation  associated  with  1  ft  of  pipe 
length  was  previously  calculated  as  L14  sq  ft.    Thus  : 


0.75  hr  Fahrenheit  degree  per  Btu. 


r 

JL*JLi   «Xk  J, 

The  resultant  resistance  of  14  and  Rt  acting  in  parallel  (see  Fig,  4)  can 
now  l>e  evaluated  as  : 

«-  M  —  ,  .f  —  ««  —  -r  -f  r-rr  **  4.54  Btu  per  (hour)  (Fahrenheit  degree). 
lii      /£«      Rt     0,312     0,75 

B*  «  0,22  hr  Fahrenheit  degree  per  Btu. 

The  overall  resistance,  RT,  surroundings  to  cold  water,  is  the  sum  of 
Ri  +  /4  +  &9  +  R*  =  4.1  hr  F  deg  per  Btu  for  1  ft  length  of  pipe.    Note 

that  the  controlling  resistances  are  R%  and  fl*  and  that  neglect  of  both  RI 
and  /4  would  not  significantly  influence  the  total  resistance,  R^. 
On  the  basis  of  this  resistance  calculation,  the  heat  transfer  from  the 

surroundings  to  the  cold  water  may  be  evaluated  as  : 

&  m  **=J*  «  ^.ZJ!  M  21  Btu  per  (hour)  (foot) 

N        RT  4,1 

or  about  0*175  tons  of  refrigeration  per  100  ft  of  pipe. 
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Since  the  calculation  is  based  on  a  1  ft  pipe  length : 

qro  «  21  Btu  per  hour. 

The  temperature  drops  through  the  various  resistances  are  now  readily 
evaluated  by  Equation  12  as : 

tQ  -  *„   air  to  insulation  surface  =  E4  3™  «  0.22  X  21  -  4.6  F. 
fa  -  Ut  through  the  insulation  »  Rt  qn  »  3.9  X  21  »  82  F. 
*B2  -  ^  through  the  pipe  wail  -  E2  q*0  -  8.5  X  KT4  X  21  *  0.02  F. 
t*i  -  ts   pipe  wall  to  cold  water  =  Ri  qt«  -  2.8  X  10~*  X  21  «  0.06  F. 

The  solution  was  obtained  on  the  assumption  that  the  air  temperature 
and  the  outside  temperature  differed  by  20  deg.  In  order  to  obtain  a 
slightly  better  estimate  of  the  rate  of  heat  transfer,  the  numerical  solution 
should  be  repeated  using  the  temperatures  calculated  from  the  previous 
listed  temperature  differences. 

The  foregoing  problem  serves  to  illustrate  a  general  method  of  solving 
steady-state  heat  transfer  problems.  There  are  many  problems  which 
cannot  be  approximated  by  steady-state  solutions,  for  instance:  the 
problem  of  pipe  line  insulation  in  transient  service  f  the  behavior  of  auto- 
matically controlled  thermoflow  circuits;  or  the  periodic  absorption  of 
solar  energy  by  roof  and  wall  structures  during  the  day  and  nocturnal 
radiation  to  the  cold  sky  at  night.6  The  transient  heat  transfer  problem 
differs  from  the  steady-state  in  that  energy  storage  rates  need  to  be  con- 
sidered. Thus  thermal  capacity,  in  addition  to  resistance  effects,  is  signifi- 
cant. The  vector  sum  of  the  thermal  capacitance  and  resistance  is  the 
thermal  impedance.  It  is  not  within  the  scope  of  this  chapter  to  deal 
with  these  problems.  There  are,  however,  solutions  available  in  graphical 
form  for  certain  special  cases.4'7-8  Also  a  general  approximate  method  may 
be  employed,  which  is  analogous  to  the  treatment  of  capacity-resistance 
lumped  parameter  electrical  circuits.9 
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CHAPTER  6 

PHYSIOLOGICAL  PRINCIPLES 

Chemical  Vitiation  of  Air,  Physical  Impurities  in  Air,  Thermal  Interchanges  Between 
the  Body  and  Its  Environment,  High  Temperature  Hazards,  Acclimati- 
zation, Upper  Limits  of  Heat  for  Men  at  Work,  Application  of 
Physiologic  Principles  to  Air  Conditioning  Problems, 
Effective  Temperature  Index  and  Comfort  Zones 

VENTILATION  is  defined  in  part  as  the  process  of  supplying  air  to, 
or  removing  air  from,  any  space  by  natural  or  mechanical  means.  The 
word  in  itself  implies  quantity,  but  air  must  be  of  the  proper  quality  also. 
The  term  air  conditioning  in  its  broadest  sense  implies  control  of  any  or 
all  of  the  physical  or  chemical  qualities  of  the  air.  The  A.S.BLV.E.  Code 
of  Minimum  Requirements  for  Comfort  Air  Conditioning1  defines  it  "as 
the  process  by  which  simultaneously  the  temperature,  moisture  content, 
movement  and  quality  of  the  air  in  enclosed  spaces  intended  for  human 
occupancy  may  be  maintained  within  required  limits.  If  an  installation 
cannot  perform  all  of  these  functions,  it  shall  be  designated  by  a  name  that 
describes  only  the  function  or  functions  performed." 

CHEMICAL  VITIATION  OF  AIR 

People  living  indoors  bring  about  certain  physical  and  chemical  changes 
in  the  air  about  them.  The  oxygen  content  of  the  air  diminishes  and  the 
carbon  dioxide  increases,  but  these  changes  are  too  slight  to  be  significant 
except  in  air  tight  spaces  as  in  submarines.  Organic  matter  which  is 
usually  perceived  as  odors,  comes  from  the  body  or  clothes.  Moisture 
and  heat  arc  given  oil  by  the  body.  There  is  no  evidence  of  any  toxic 
volatile  material  given  off  by  man  to  the  ambient  air.  Stale  air  may  be 
offensive  because  of  odors  and  may  induce  loss  of  appetite  and  loss  of 
energy.  Objectionable  body  odors  have  the  same  effects.  These  reasons, 
whether  esthetic  or  physiological,  usually  make  it  desirable  in  the  design 
of  air  conditioning  systems  to  provide  for  the  elimination  or  control  of 
odors  arising  from  occupancy,  cooking,  or  other  sources.  This  may  be 
accomplished  by  introducing  odor-free  air  in  sufficient  quantities  to  reduce 
odor  concentrations  by  dilution  to  a  level  which  is  not  objectionable. 
Odor-free  air  may  be  outdoor  air  or  air  which  has  been  cleared  of  odors  by 
sorption,  washing,  or  other  appropriate  means. 

In  the  case  of  vitiation  by  a  few  hazardous  gases  such  as  carbon  mon- 
oxide from  heating,  cooking,  and  certain  industrial  processes,  no  satis- 
factory chemical  treatment  for  the  elimination  of  the  impurity  has  been 
found.  The  only  satisfactory  solution  is  elimination  at  the  source  by  local 
exhaust  ventilation;  or,  if  this  is  impossible,  reduction  to  a  safe  concen- 
tration by  dilution*  (See  Chapter  8.)  In  the  case  of  contamination 
by  other  matter^  including  volatile  vapors  and  gases,  chemical  treatment 
for  the  removal  or  reduction  of  the  impurities  has  been  made  available 
through  air  cleaning  methods,  which  are  discussed  in  Chapter  33. 

When  the  only  source  of  contamination  is  the  human  occupant,  and  over- 
heating is  not  a  problem,  the  minimum  guaatity  of  outdoor  air  needed  ap- 
pears to  be  that  required  to  remove  objectionable  body  odors,  or  tobacco 
$moke.  Tb»  concentration  of  body  odor  in  a  room,  in  turn,  depends 

115 


116  CHAPTER  6  1950  Guide 

upon  a  number  of  factors,  including  the  dietary  and  hygienic  habits  of  the 
occupants  (frequently  reflecting  their  socio-economic  status),  the  outdoor 
air  supply,  air  space  allowed  per  person,  odor  adsorbing  capacity  of  air 
conditioning  processes,  and  temperature  and  relative  humidity.  The  in- 
tensity of  odor  sensation  has  been  found  to  vary  as  the  logarithm^  the 
concentration  of  the  odoriferous  substance  in  the  air,  or  inversely  with  the 
logarithmic  function  of  the  amount  of  outdoor  air  supplied  and  the  air 
space  per  person. 

The  relation  between  air  supply  and  occupancy  has  been  reported  by 
the  Harvard  School  of  Public  Health2  (Table  1)  and  the  A.S.H.V.E. 
Research  Laboratory.3  Outdoor  air  requirements  for  removal  of  objec- 
tionable tobacco  smoke  odors  are  not  accurately  known  but  available 
information  and  current  practice  indicate  the  need  of  15  cfm  per  person 
or  more.4 

The  total  quantity  of  outside  air  to  be  circulated  through  an  enclosure 
is  often  governed  chiefly  by  physical  considerations  for  controlling  tem- 
perature, air  distribution,  and  air  velocity.  .Other  factors  which  must  be 
taken  into  consideration,  include  the  type  and  usage  of  the  building, 
locality,  climate,  height  of  rooms,  floor  area,  window  area,  extent  of  occu- 
pancy, and  the  operation  of  the  system  distributing  the  air  supply.  Fre- 
quently, some  of  these  factors,  particularly  the  need  for  air  movement  and 
good  distribution,  may  be  satisfied  by  recirculation  of  inside  air  rather 
than  outside  air. 

It  will  be  noted  that,  with  adequate  air  space,  the  rate  of  air  change 
indicated  in  Table  1  is  from  10  to  30  cfm  per  person.  In  rooms  occupied 
by  only  a  few  persons,  such  an  air  change  will  be  automatically  attained 
in  cold  weather  by  normal  leakage  around  doors  and  windows,  and  can 
easily  be  secured  in  warm  weather  by  the  opening  of  windows*  With  a 
space  allotment  of  400  cu  ft  per  person,  only  If  air  changes  per  hour  are 
necessary  to  provide  a  ventilation  rate  of  10  cfm  per  person, 

Therefore,  in  the  ordinary  dwelling  with  adequate  cubic  space  allot- 
ment, no  special  provision  for  controlling  chemical  purity  of  the  air  is 
necessary  (aside  from  removal  of  fumes  from  heating  appliances).  For 
such  conditions,  the  control  of  air  temperature  is  the  major  consid- 
eration. , 

In  more  crowded  rooms  (large  offices,  large  workrooms,  auditoriums), 
where  the  cubic  space  per  person  is  less  and  it  is  usually  itnpoKBibk  to 
admit  untempered  outside  air  without  creating  drafts,  mechanical  ventila- 
tion is  essential. 

The  present  data  regarding  the  effect  of  cubic  space  on  ventilation 
requirements  are  not  universally  accepted.  The  Code  of  Minimum  Re- 
quirements for  Comfort  Air  Conditioning1  prescribes  definite  minimum 
requirements  which  should  be  familiar  to  the  designing  engineer,  It 
should  be  emphasized,  however,  that  the  code  fixes  minimum,  rather  titan 
adequate  requirements. 

Notwithstanding  the  rapid  advance  made  in  air  conditioning  per- 

sons still  believe  there  is  a  stimulating  quality  in  outdoor  air  (particularly 
country,  mountain  and  seashore  air)  under  ideal  weather  condition**,  which 
is  lacking  in  artificially  conditioned  air.  It  is  apparent,  howcwor, 
modern  air  conditioning  insures  control  of  the  phenomena  of  nature  for 
the  service  and  comfort  of  man  independently  of  weather  conditions. 
Freedom  of  movement,  action  and  thought,  together  with  the  variability 
of  stimuli  experienced  by  persons  under  ideal  conditions  In  the  country, 
mountains  or  seashore,  undoubtedly  has  some  stimulating  effect.  Various 
experimenters  have  attempted  to  duplicate  the  mvigoratkg  qualities  of 
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TABLE  1.    MINIMUM  OUTDOOR  AIR  REQUIREMENTS  TO  REMOVE  OBJECTIONABLE 
BODY  ODORS  UNDER  LABORATORY  CONDITIONS2 


TYPE  OF  OCCUPANTS 

Am  SPACE  PER 
PERSON  Cu  FT 

OUTDOOR  AIR  SUPPLY 
CFM  PER  PERSON 

Heating  season  with  or  without  recirculation.    Air  not  conditioned. 


( 

100 

25 

Sedentary  adults  of  average  socio-economic  status     < 

200 

16 

1 

300 

12 

I 

500 

7 

Laborers  

200 

23 

100 

29 

Grade  school  children  of  average  socio-economic  status1 

200 
300 

21 

17 

500 

11 

Grade  school  children  of  lower  socio-economic  status.... 

200 

38 

Children  attending  private  grade  schools...  "   . 

100 

22 

Heating  season.    A ir  humidified  by  means  of  centrifugal  humidifier.    Water 
atomization  rate  8  to  10  gph.     Total  air  circulation  SO  cjm  per  person. 


Sedentary  Adults.. 


200 


12 


Summer  season.    Air  cooled  and  dehumidified  by  means  of  a  spray  dehumidifier. 
Spray  water  changed  daily.    Total  air  circulation  80  cfm  per  person. 


Sedentary  Adults.. 


200 


<4 


outdoor  air  by  the  use  of  oaone,  ionization,  or  ultra-violet  light,  but  results 
t;o  (late  have  been  inconclusive  or  negative.8 

Ozone  in  amounts  of  0,01  to  0.05  ppm  of  air  is  allowable  in  comfort  air 
conditioning.  Above  this  limit  there  is  a  pungent,  unpleasant  odor  and 
perhaps  respiratory  distress,  depression,  and  stupor.6 

PHYSICAL  IMPURITIES  IN  AIR 

Dust  particles  of  almost  any  type,<san  produce  irritation  of  the  mucous 
membranes  of  the  nose  and  throat,  if  present  in  high  concentrations.  Cer- 
tain dusts  may  be  very  harmful,  but  coal  dust  is  tolerated  well.  The 

effects  of  various  industrial  dusts,  pollens,  etc.,  are  discussed  in  Chapter  8. 
A  certain  part  of  the  dissemination  of  disease  in  confined  spaces  may  be 

due  to  pathogenic  organisms  floating  in  the  air  like  dust  particles.     (See 

Chapter  7), 

While  in  some  instances  it  may  be  possible  to  reduce  the  physical  im- 
purities of  the  air  by  dilution  from  a  non-contaminated  source,  such  a 

source  is  rarely  available.  Frequently,  outside  air  contains  a  higher  con- 
centration of  physical  impurities  than  indoor  air.  Therefore,  it  is  usually 
desirable  to  reduce  the  concentration  of  physical  impurities  by  air  clean- 
ing methods.  (See  Chapter  33.) 

THERMAL    INTERCHANGES    WITH    ENVIRONMENT 

•  Body  temperature  depends ,  upon  the  balance  between  heat  production 
and  heat  loss.  Heat  resulting  from  oxidation  in  the  body  (metabolism) 


118  CHAPTER  6  1950  Guide 

maintains  the  body  temperature  well  above  that  of  the  surrounding  air 
in  a  eool  or  cold  environment.  At  the  same  time,  heat  is  constantly  lost 
from  the  body  by  radiation,  convection  and  evaporation.  Since,  under 
ordinary  conditions,  the  body  temperature  is  maintained  at  its  normal 
level  of  about  98.6  F,  the  heat  production  must  be  balanced  by  the  heat 
loss.  During  work,  the  body  temperature  may  rise ;  in  fact,  afternoon  tem- 
peratures of  normal  persons  average  1  deg  above  the  resting  value  of  the 
morning  whether  working  or  not. 

The  fundamental  thermodynamic  processes  concerned  in  heat  inter- 
changes between  the  body  and  its  environment  may  be  described  by  the 
equation : 

Af»"drS  +  «=bJ8dbC  (1) 

where 

M  »  rate  of  metabolism,  heat  produced  within  the  body. 

S  »»  rate  of  storage,  change  in  intrinsic  body  heat, 

E  =  rate  of  evaporative  heat  loss, 

R  =  rate  of  radiative  heat  loss  or  gain. 

C  =  rate  of  convective  heat  loss  or  gain. 

The  rate  of  metabolism,  M ,  is  always  positive.  The  storage,  Sy  may 
be  either  positive  or  negative,  depending  upon  whether  heat  is  being 
stored  or  depleted  owing  to  a  rise  or  fall  in  body  temperature.  Under 
ordinary  circumstances  (when  the  dew-point  of  the  air  is  below  the  body 
surface  temperature)  the  evaporation  loss,  E,  is  always  positive;  that  is, 
heat  from  metabolism  supplies  this  loss.  R  and  C  are  positive  when  body 
surface  temperature  is  above  that  of  walls  and  air,  and  negative  when  It 
is  below. 

DuBois,7  after  careful  calorimeter  studies  on  fasting,  nude  men,  plotted 
the  partition  of  body  heat  loss  and  heat  production  as  a  function  of  tem- 
perature. Fig.  1  shows  some  disparity  between  heat  production  and  heat 
loss.  ^This  disparity  is  S  in  Equation  1.  In  the  central  range  of  the 
experiments,  S  was  quite  low  and  no  increase  in  heat  loss  by  vaporisation 
was  apparent. 

Within  the  range  of  81-86  F  air  temperature,  with  still  air,  there  is,  for 
a  resting  nude  man,  a  point  at  which  his  body  has  to  take  no  particular 
action  to  maintain  its  heat  balance.  If  he  is  clothed,  or  if  he  is  active,  this 
point  will  naturally  lie  at  a  lower  level  At  this  point,  which  may  be  termed 
the  neutral  point  for  that^  individual,  conditions  are  neither  too  hot  nor  too 
cold.  If,  through  a  fall  in  air  temperature,  or  a  rise  in  air  movement,  the 
rate  of  heat  loss  from  the  skin  to  the  environment  is  increased,  than  the 
body  must  do  something  to  counteract  this  heat  loss-  Over  a  certain 
range,fthe  body  can  achieve  this  by  decreasing  the  flow  of  blood  through 
the  skin.  This  will  result  in  some  cooling  of  the  skin  and  subjacent 
but  the  temperature  of  the  deep  tissues  will  be  preserved.  The  of 

external  conditions  over  which  this  may  be  achieved,  may  be  termed  the 
zone  of  vow-motor  regulation  against  cold*    Beyond  this  the  tempera- 

ture of  the  superficial  tissues  will  fall  still  further,  and  that  of  the  deep 
tissues  will  fall  as  well,  unless  some  other  steps  are  taken.  The  bcxly 
normally  does  react;  it  increases  heat  production  by 
tension,  by  shivering,  or  by  spontaneous  increase  in  activity,1  As  long  as 
these  are  adequate  to  meet  the  increased  rate  of  beat  loos  to  the  environ* 
ment,  a  fall  in  deep  body  temperature  may  be  prevented.  condition* 

may  be  said  to  lie  in  the  zone  of  mMbdic  mgiM^m  e0td» 
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this  point,  the  body  enters  the  zone  of  inevitable  body  cooling.  Once  body 
temperature  starts  to  fall,  man  is  headed  for  disaster. 

It  will  be  seen  that,  in  man,  deep  body  temperature  is  preserved,  over 
an  important  range  of  cold  external  conditions,  at  the  expense  of  (1)  a  fall 
in  the  temperature  of  the  peripheral  tissues,  and  (2)  an  increased  expendi- 
ture of  energy.  As  regards  the  first  of  these,  the  farther  away  superficial 
tissue  lies  from  the  central  body  mass,  the  more  readily  will  its  temperature 
fall 

On  the  hot  side  of  the  neutral  point,  there  exists  a  zone  of  vaso-motor 
regulation  against  heat,  corresponding  to  that  against  cold.  The  blood  flow 
through  the  skin  is  increased  when  the  opportunities  for  heat  loss  to  the 
environment  are  restricted.9  This  increase  in  blood  flow  may  double  the 
conductance  of  the  superficial  tissues  over  that  characteristic  of  the  neutral 
point,  and  the  temperature  of  the  skin  surface  may  rise  until  it  is  only  three 
degrees  below  that  of  the  deep  tissues.  If  this  increase  in  blood  flow  is 
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FIG.  1,  HBAT  Loss  FKOM  HUMAN  BEINGS  BT  EVAPOBATION,  RADIATION,  AND 

CONVICTION* 

*  Normal  control,  naked.  In  calorimeter  at  temperatures  from  72.8  to  94,1  F,  First  column  in  each  experi- 
ment represent*  heat  production  as  determined  by  indirect  calorimetry,  the  second  column,  heat  elimination. 
The  portion  marked  with  verticmllmei  represents  vaporization?  the  dotted  area,  convection;  the  unmarked 
area,  radiation*  The  akin  temperature  represents  the  average  reading  of  18  spots  on  the  surface. 

unable  to  balance  the  restriction  in  heat  loss,  the  body  has  entered  the 
next  zone.  Once  again,  the  normal  body  takes  steps  to  prevent  a  change 
in  its  deep  temperature;  but  they  are  not  the  counterpart  of  the  steps  taken 
under  similar  circumstances  on  the  cold  side.  There  is,  in  fact,  very  little 
change  in  heat  production,  beyond  that  resulting  from  a  disinclination  for 
exertion.  The  second  line  of  defense,  on  the  hot  side,  is  a  new  and  power- 
ful method  of  promoting  heat  loss— the  provision  of  water,  by  the  operation 
of  the  sweat  glands,  for  evaporative  cooling.  As  long  as  evaporation  is 
adequate  to  restore  the  desired  heat  loss,  the  body  is  in  the  zone  of  evapora- 
tive regulation  agaimt  heat,  When  this  ceases  to  be  adequate,  the  body  is 
in  the  zone  of  inevitable  "body  heating.  The  body  enjoys  a  little  more  latitude 
in  this  zone  than  it  did  in  the  corresponding  zone  on  the  cold  side,  but  when 
the  deep  temperature  rises  more  than  4  dog  F,  it  loses  its  efficiency.  All 
f actors  which  affect  the  evaporation  of  water  from  the  skin  effect  heat  regu- 
lation in  the  woe  of  evaporative  regulation.  Atmospheric  vapor  pressure 
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and  air  motion  are  most  important.  With,  dry-bulb  temperature  above 
body  temperature,  air  motion  facilitates  evaporative  heat  loss  by  removing 
hot  humid  air  from  contact  with  the  skin  and  replacing  it  with  relatively 
drier  air. 

Heat  regulation  in  man  requires  an  intact  set  of  sensory  nerves,  a  nor- 
mal sympathetic  nerve  supply  to  sweat  glands  and  blood  vessels,  a  great 
many  sweat  glands,  and  a  circulatory  system  capable  of  carrying  heat  from 
muscles  and  viscera  to  the  skin  by  circulation  of  the  blood. 

Some  of  the  phenomena  of  body  temperature  control  are  shown  graphi- 
cally in  Fig.  2.  The  dotted  curves,  from  a  study  at  the  John  B.  Pierce 
Laboratory  of  Hygiene,10  are  for  subjects  lightly  clothed  in  a  semi-reclining 
position,  and  give  the  relation  between  the  dry-bulb  temperature  of  the 
environment  (with  about  45  per  cent  relative  humidity)  and  the  metabolic 
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DRY-BULB  TEMPERATURE,  DEC  FAHR  (AT  45  Ptft  CENT  REiAWE  HUMIDITY! 

FIG.  2.  RELATION  BETWEEN  METABOLISM,  STQKAQB,  EVAPORATION,  RADIATION  Pw;» 

CONVECTION,  ANE>  TBMPBKATUBE  FOB  THE  CLOTHRI*  SUBJECT 

rate  (heat  production),  the  rate  of  heat  dissipation  by  radiation  and  con- 
vection combined,  and  the  latent  heat  loss  due  to  evaporation  from  the 
skin  and  the  respiratory  tract.  The  smooth  line  curves  from  the  work  of 
the  A.S.H.V.E.  Research  Laboratory"  give  the  same  relationBhipH  for 
healthy,  male  subjects  (18  to  24  years  of  age),  seated  at  rcwt  und  dresattl 
in  customary  winter  indoor  clothing.  The  Pierce  Laboratory  data  for 
the  semi-reclining  subjects  also  include  the  rate  of  heat  storage  (either 
positive  or  negative)  due  to  a  rise  or  fall  in  body  temperature.  For  the 
normally 'clothed  subjects,  a  curve  gives  the  total  heat  IUEMI  (that  is,  the  Hiiro 
of  the  radiation,  convection  and  evaporative  lenses)-.  Here*  tttorngtt  IB 
given  by  the  difference  between  the  metabolism  and  total  heat  Imn* 

The  small  difference  between  the  metabolic  rates  for  the  two  groups  of 
subjects  may  be  accounted  for  by  difference  in  activity.  Heat  axeluingu 
between  the  body  and  the  environment  by  radiation  and  convection  is 
greater  for  the  lightly  clothed  subject,  both  for  cool  condition*  wkw 
there  is  excessive  heat  loss,  and  for  very  warm  conditions  where  there  is 
transfer  of  heat  from  the  atmosphere  to  the  body.  The  two  eurves  for 
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evaporative  loss  serve  to  show  how  physiological  control  uses  evaporation 
of  sweat  to  maintain  equilibrium  at  high  temperatures.  Below  75  F,  for 
the  normally  clothed  subject,  and  below  85  F  for  the  lightly  clothed  sub- 
ject, evaporation  loss  is  minimal  and  constant.  Burch12  has  shown  that 
this  insensible  perspiration  reflects  the  permeability  of  the  skin  to  the 
moisture  of  the  body.  Above  these  temperatures,  control  is  obtained  by 
the  availability  of  sweat  for  evaporation.  The  difference  in  the  curves 
above  75  F  is  probably  largely  determined  by  the  difference  in  clothing 
and  activity. 

In  the  zone  of  evaporative  heat  regulation,  air  movement  facilitates  heat 
loss  if  the  temperature  of  the  air  is  not  above  that  of  the  skin.13  Under 
hot,  dry  conditions  air  movement  may  be  of  little  advantage,  ,or  even  of 
disadvantage,  if  it  increases  the  addition  of  heat  to  the  skin  by  conduction 
more  than  it  promotes  the  loss  of  heat  from  the  skin  by  evaporation. 

TABLE  2.    PHYSIOLOGICAL  RESPONSES  TO  HEAT  OF  MEN  AT  REST  AND  AT  WOBK* 


EFFECTIVE 
TEMP 

ACTUAL 
CHEEK 
TEMP 
(FAHR 
DEO) 

MEN  AT  REST 

MEN  AT  WORK 
90,000  FT-LB  OF  WORK  PER  HOUR 

Rise  in 
Rectal 
Temp 
(Fabr  Deg 
per  Hr) 

Increase 
in  Pulse 
Rate 
(Beata  per 
Mini  per 
Hr) 

Approximate 
Loss  in  Body 
Weight  by 
Perspiration 
(Lb  per  Hr) 

Total  Work 
Accomplished 
(Ft-Lb) 

Rise  in 
Body  Temp 
(Fahr  Deg 
per  Hr) 

Increase  in 
Pulse  Rate 
(Beats  per 
Min  per  Hr) 

Approximate 
Loss  in  Body 
Wt  by  Per- 
spiration 
(Lb  per  Hr) 

60 
70 
80 
85 
90 
95 
100 
105 
110 

225,000 
225,000 
209,000 
190,000 
153,000 
102,000 
67,000 
49,000 
37,000 

0.0 
0.1 
0.3 
0.6 
1.2 
2.3 
4.0b 
6,0b 
8.5b 

6 
7 
11 
17 
31 
61 
103b 
15Sb 
237b 

0.5 

0.6 
0.8 
1.1 
1.5 

2.0 
2.7b 
3.5b 

4.4b 

96."i 
96,6 
07.0 
97.6 
99.6 
104.7 

0.0 
0.0 
0,1 
0.3 
0,9 
2.2 
4.0 
5.9*> 

0 
0 

1 

4 
15 
40 
83 
13?b 

0.2 
0.3 
0.4 
0.5 
0.9 
1,7 
2.7 
4,0b 

*  Data  by  A.S.H.V.K  Research  Laboratory. 

b  Computed  value  from  exposures  lasting  less  than,  one  hour, 

HIGH  TEMPERATURE  HAZARDS 

Studies  at  the  A.S.H.V.E.  Research  Laboratory14  and  elsewhere  during 

the  past  two  decades  have  made  available  much  information  dealing  with 
the  physiological  effects  of  hot  atmospheres  on  workers,  and  means  of 
alleviating  the  distress  and  hazards  associated  therewith.  Table  2  gives 
some  of  the  physiological  responses  of  men,  at  rest  and  at  work,  to  hot 
environments.  Frequent  and  continued  exposure  of  workers  to  hot  envi- 
ronments results  in  physiological  derangement  affecting  the  leucocyte 
count  of  the  blood,  and  other  factors  dealing  witH  man's  mechanism  of 
defense  against  infection, 

Wherever  S  (Equation  1)  becomes  strongly  positive  and  body  tem- 
perature risen  progressively,  men  will  continue  to  work  until  body  tempera- 
ture reaches  103  F-  When  these  body  temperatures  are  exceeded,  men 

work  with  declining  efficiency  and  may  be  subject  to  heat  stroke. 
Heat  exhaustion  is,  a  circulatory  failure  in  which  the  venous  return  to 

the  heart  is  reduced  so  that  fainting  results*15  Early  symptoms  of  heat 
exhaustion  may  include  fatigue,  headache,  dizziness  when  erect,  loss  of 
appetite,  nausea,  abdominal  distress,  vomiting,  shortness  of  breath,  flush- 
ing of  face  and  neck,  pulse  rate  above  150,  glassed  eyes,  and  mental  dis- 
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TABLE  3.    UPPBK  LIMITS  OP  ENVIRONMENTAL   CONDITIONS  FOR  ACCLIMATIZED, 

HEALTHY,  YOUNG  MEN  IN  MIMTAEY  SERVICE 


ENVIRONMENT 

REACTIONS  AT  T 

HE  END  OF  4  HR 

Rectal  Temp  F 

Pulse  rate 

Relatively  Easy  

Below  101 

Below  130 

Difficult    ...   „ 

101  to  102 

130  to  145 

Impossible  , 

Above  102 

Over  145 

turbances  as  apathy,  poor  judgment,  and  irritability  which  usually  precede 
fainting  (syncope).  Recovery  is  usually  prompt  when  the  man  is  removed 
to  a  cool  place  and  kept  lying  down  for  a  time,  unless  he  has  some  other 
illness  such  as  heart  disease. 

Heat  cramps  are  painful  muscle  spasms  in  extremities,  back  and  abdo- 
men due,  at  least  in  part,  to  excessive  loss  of  salt  in  sweating.  Formerly 
common  in  hot  industries,  this  manifestation  of  illness  clue  to  heat  is  now 
greatly  reduced  by  drinking  water  containing  0.1  per  cent  salt,  or  by  proper 
use  of  salt  tablets.  Heat  cramps  are  readily  alleviated  by  administration 
of  salt  solution  intravenously. 

Heat  stroke  is  a  serious  effect  of  exposure  to  great  heat.  The  body 
temperature  climbs  rapidly  to  excessive  levels  often  above  105  F  when  for 
unknown  reasons  free  sweating  suddenly  stops.  At  such  high  temperatures 
coma  appears  and  death  may  be  imminent.  Emergency  measures  are 
required  to  reduce  the  excessive  body  temperature  by  cooling  quickly  to 
avoid  irreparable  damage  to  the  brain.16 

The  deleterious  physiologic  effects  of  high  temperatures  exert  a  power- 
ful influence  upon  physical  activity,  accidents,  sickness  and  mortality. 
Both  laboratory  and  field  data  show  that  physical  work  in  warm  atmos- 
pheres is  a  great  effort,  and  that  production  falls  progressively  as  the 
temperature  rises. 

ACCLIMATIZATION 

When  men  move  to  deserts  or  to  jungles  some  adaptation  to  the  climate 
takes  place.  If  work  is  gradually  increased  day  by  day,  and  if  the  men  can 
get  plenty  of  water  and  salt,  and  can  sleep  each  night,  acclimatizution  may 
be  complete  in  7  to  10  days.  The  acclimatised  man  works  with  a  lower 
heart  rate,  lower  skin  and  rectal  temperature,  and  more  stable  blood  pres- 
sure than  when  unacclimatized.  The  process  of  acclimatisation  require* 
work  in  the  heat.17  During  the  recent  war  white  fcroopB  lived  mad  did  hard 
physical  work  for  long  periods  in  tropical  conditions  when  hazards 

were  controlled. 

In  recent  tests  made  at  the  A.S.H.V.E.  Research  Laboratory, Kft  subjects 
were  required  to  perform  light  work  under  very  hot  conditions  for  a  4-hr 
period  each  day.    It  was  found  that  the  ability  of  a  new  subject  to  endure 
these  conditions  showed  daily  improvement  for  a  period  of  at         2 
However,  after  acclimatisation  was  completed,  a  of  several  (lays 

had  no  effect  on,  the  endurance  of  the  subject.    Individuals  differ  widely 
in  their  capacity  to  acclimatize.    Acclimatised  of 

improvements  in  a  few  weeks  of  temperate  climate,  even 
vigorously  active.    In  the  course  of  acoUmatuBation,  the 
to  terete  fluid  less  rich  in  salt.10    For  all  except          eanyiag  out 
hard  work  in  hot,  dry  atmospheres,  this  effects  an  important  m 


Physiological  Principles 


123 


RELATIVE  HUMIDITY  (%> 

*»*&<&£ 
0  O  O  O  O 

V 

vV' 

s 

'*%is. 

- 

_  c     WORK 

-KEY- 
RELATIVEL 
DIFFICULT 
IMPOSSIBL 

,,  ,  , 

Y    EASY  n 

%"*N,^ 

$^ 

^ 

*      WORK 
X      WORK 

i    t    t    i 

E 

,.,  , 

"*'"•"•  -o 

90                   95                    100                  105                  110                    115                   120 

DRY  BULB   TEMPERATURE,    F 

FIG.  3.  HEAT  ENBXTRANCE  OP  ACCLIMATIZED  SUBJECTS  WORKING  AT  A  SPECIFIC  RATE*0 

salt  loss,  and  makes  all  the  difference  between  being  exposed 'and  not  being 
exposed  to  the  risk  of  heat  cramps. 

The  adaptive  level  changes  somewhat  with  the  season.  There  are  also 
marked  differences  between  the  sexes.  In  the  cold  zone  the  thickness  of 
thermal  insulating  tissues  of  women  is  almost  double  that  of  men,  although 
the  sensory  responses  to  cold  are  similar.  In  the  hot  zone,  the  threshold 
of  sweating  is  higher  for  women.  The  thickness  and  insulating  value  of 
the  clothing  worn  are  also  important  factors  in  the  determination  of  the 
comfort  level, 

UPPER  LIMITS  OF  HEAT  FOR  MEN  AT  WORK 

In  very  hot  conditions  humidity  is  the  limiting  factor  and  the  wet-bulb 
temperature  assumes  great  importance.  In  1905  Haldane  recognized  that 
88  F  wet-bulb  was  the  limit  of  endurance  for  coal  miners  and  later  observers 
have  concurred. 

A  study  was  made  at  the  Armored  Medical  Research  Laboratory20  to 
determine  the  upper  limits  of  environmental  conditions  under  which  a 
man  can  perform  certain  work.  Thirteen  enlisted  men,  thoroughly  accli- 
matized to  the  hot  conditions,  served  as  subjects.  During  each  test,  the 
subjects  were  required  to  march  for  4  hr  at  the  rate  of  3  mph,  carrying 
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20  Ib  packs  under  a  wide  range  of  environmental  conditions  which  were 
rated  as  relatively  easy,  difficult,  and  impossible,  on  the  basis  of  the 
physiological  reactions  of  the  subjects  at  the  end 'of  the  4-hr  period  as 
shown  in  Table  3  and  Fig.  3. 

Recognition  of  the  need  of  air  conditioning  for  workers  in  hot  industries 
is  growing  rapidly.  The  choice  of  the  type  of  system  to  be  used  in  any 
given  instance,  must  be  determined  by  the  air  conditioning  engineer  after 
a  study  of  conditions.  In  some  hot  industries  where  few  workers  are 
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n  Curve  ^.—Persons  working,  metabollo  rate  1310  Btu  per  hour.  Curve  B-»Pi»rw>a»  wwklng,  ro«t»l»iio 
rate  860  Btu  per  hour.  Curve  G  —  Persons  working,  metabolic  rate  600  Btu  per  hour,  0«rv-«  j>~  'Pifwrmi 
seated  at  rest,  metabolic  rate  of  400  Btu  per  hour.  Curves  R  and  I>  baaed  on;  tmt  datu  crtviurinf  »  wide  tem- 
perature range.  Curves  A  and  C  based  on  test  data  at  an  Effective  Tfemperatur*  of  70  and  mtmmA&tltm  <rf 
Curves  ^  and  £>,  All  curves  are  averages  of  values  for  high  and  low  rwtiv®  humldltlw; 
-humidity"  is  small. 


engaged  in  large  spaces  the  worker  himself,  rather  than  the  at 

can  be  cooled  by  placing  him  in  a  small  booth,  and  blowing  coolcnl  air 

over  him,  or  by  circulating  cooled  air  through  a  loose-fitting  mat.*1 

The  A.S  .H.V.E.  Laboratory  lias  studied  the  effects  of  walla  of  higher 
temperature  than  the  air,18  The  findings  are  in  part  shown  in  Fig,  4, 
It  will  be  seen  that  the  importance  of  mean  radiant  temperature,  a»  com- 
pared with  that  of  the  effective  temperature,  decreases  as  tha  eflecstiw 
temperature  rises;  and  also,  to  a  certain  extent,  as  the  mean  radiant 
temperature  itself  rises.  The  lower  of  the  two  curves  to  conditions 

in  which  the  MET  was  kept  approximately  at  the  level  of  the  1>B1\    If 
this  curve  is  followed,  it  will  be  seen  that,  at  80  ET,  a  little  I  cleg 
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rise  in  MRT  produces  the  same  effect  as  1  deg  rise  in  ET;  but  when  the  ET 
is  92  deg,  it  takes  a  rise  of  11  F  deg  in  the  MRT  to  produce  the  same  effect 
as  1  deg  rise  m  ET.  The  upper  curve  relates  to  conditions  in  which  the 
MRT  was  kept  about  40  F  deg  higher  than  the  DBT.  It  will  be  seen 
that  under  these  conditions,  a  rise  in  MET  is  less  effective,  even  at  low 
values  of  ET;  and  that  it  loses  its  relative  effectiveness  more  rapidly  as 
the  ET  rises.  It  should  not  be  assumed,  however,  that  MRT  does  not 
matter  muchu  All  that  these  comparisons  indicate  is  that  unit  rise  in  MRT 
becomes  less  important  as  compared  with  unit  rise  in  ET,  as  conditions  get 
hotter.  This  may  be  due  more  to  a  growing  importance  of  unit  rise  in  ET 
than  to  a  diminishing  importance  of  unit  rise  in  MRT.  Under  ordinary 
still  air  conditions  the  effects  of  air  temperature  and  MRT  appear  to  be 
interdependent.  Various  authorities  give  0.3  to  1  deg  increase  of  room 
temperature  to  compensate  for  1  deg  depression  of  the  MRT. 


HEAT  UDSS  BY  RADIATION  AND  CONVECTION 

BTU  PER  HOUR  FOR  AVERAGE  MAN  09.5  SQ  FT) 
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*  Loc.  Cit,    Bm  footnote  »,  Fig.  5, 

APPLICATION  OF  PHYSIOLOGIC  PRINCIPLES  TO  AIR 
CONDITIONING  PROBLEMS 

In  order  to  entimate  cooling  loads  in  occupied  spaces  it  is  necessary  to 
know  the  metabolic  rate  (heat  production)  of  man.  This  has  been  studied 
extensively  and  found  to  remain  relatively  constant  per  unit  of  body  sur- 
face area  in  a  nubjcct  fasting  and  resting  quietly  after  a  good  night's  sleep. 

The  rate  Is  high  in  children,  and  diminishes  gradually  with  age;  it  increases 
In  certain  diseases  and  in  the  presence  of  fever.  The  metabolic  rate  is  some- 
what lower  in  women.  Heat  production  goes  up  sharply  with  work  and 
Taries  widely  in  different  persons  doing  the  same  work.  Figs,  5,  6,  and  7 
and  Table  24  of  Chapter  12  give  sufficient  basic  data  for  estimating  heat  pro- 
duction and  heat  loss  under  various  conditions. 
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EFFECTIVE  TEMPERATURE  INDEX  AND  COMFORT  ZONES 

There  is  no  precise  physiologic  observation  by  which  comfort  can  be 
evaluated.  Mean  skin  temperature  offers  some  promise.  The  zone  of 
thermal  neutrality  differs  with  clothing,  season,  activity,  and  all  the  other 
factors  controlling  heat  production  (Table  4).  The  comfort  zone  is  very 
similar  to  the  zone  of  thermal  neutrality. 

Sensations  of  warmth  or  cold  depend,  not  only  on  the  temperature  of 
the  surrounding  air  as  registered  by  a  dry-bulb  thermometer,  but  also 
upon  the  temperature  indicated  by  a  wet-bulb  thermometer,  upon  air 
movement,  and  upon  radiation  effects.  Dry  air  at  a  relatively  high  tem- 
perature may  feel  cooler  than  air  of  lower  temperature  with  a  high  moisture 
content.  Air  motion  makes  any  moderate  condition  feel  cooler.  Radia- 
tion to  cold  or  from  warm  surfaces  is  another  important  factor  under 
certain  conditions  affecting  the  comfort  reaction  of  the  individual. 
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*  Loo.  Git.    See  footnote  a,  Fig.  6. 

Combinations  of  temperature,  humidity,  and  air  movement  which 
induce  the  same  feeling  of  warmth  are  called  thermo-equlviiknt  condi- 
tions. A  series  of  studies22  at  the  AJ3.H.V.E,  Research  Laboratory  estab- 
lished the  equivalent  conditions  for  practical  use.  This  scale  of  th<$rmo« 
equivalent  conditions  not  only  indicates  the  sensation  of  warmth,  but 
also  to  a  considerable  degree  determines  the  physiological  effect*  on  the 
body  induced  by  heat  or  cold-  For  this  reason,  it  m  called  the 
temperature  scale  or  index,  and  it  denotes  sensory  heat  level 

Effective  temperature  is  an  empirically  determined  index  of  the 
of  warmth  perceived  on  exposure  to  different  combinationg  of 
humidity,  and  air  movement.    It  was  determined  by  trained  who 

compared  the  relative  warpath  of  various  air  conditions  In  two  adjoining 
conditioned  rooms  by  passing  back  and  forth  from  one          to  the 

The  numerical  value  of  the  index  for  nay  given  air  oonditioiis  is          by 
the  temperature  of  slowly  moving  (IS  to  25  fpm  air  movement) 
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air  which  induces  a  like'  sensation  of  warmth  or  cold.  Thus,  any  air 
condition  has  an  effective  temperature  of  60  deg,  when  it  induces  a  sensa- 
tion of  warmth  like  that  experienced  in  slowly  moving  air  at  60  F  saturated 
with  moisture.  The  effective  temperature  index  cannot  be  measured  directly 
but  is  determined  from  dry-  and  wet-bulb  temperatures  and  air  motion 
observations  by  reference  to  an  Effective  Temperature  Chart  (see  Figs. 
8,  9,  and  10)  or  tables. 

Fig.  8  gives  the  effective  temperature  for  any  combination  of  dry-  and 
wet-bulb  temperatures  for  still  air  (15  to  25  fpm)  conditions.  Charts 
similar  to  Fig.  8  for  air  velocities  of  300  and  500  fpm  have  been  presented 
in  some  of  the  earlier  editions  of  the  GUIDE.  Fig.  9  is  another  form  of 
effective  temperature  chart  embodying  all  three  variables;  dry-bulb  and 
wet-bulb  temperatures,  and  air  velocity, 

TABLE  4.    COMPARISON  OF  COMFOET  RANGES  WITH  ZONE  OF  THERMAL  NEUTRALITY 


INTOBTIQATORS 

EFFECTIVE  TBMPBRATURU 

OPERATIVE 
TEMP 

HJSMABKS 

OPTIMUM 

LlNB 

RANCHB 

RANGE 

Comfort  Zone 


Houghten  and  Yaglou., 

Yaglou  and  Drinker-  

Yaffloii.  

66 

71 
72.5 

63-71 

66-75 
66-82 



Winter  non-basal;  at  rest,  nor- 
mally   clothed.      Men    and 
women. 
Summer  non-basal;  at  rest  and 
normally  clothed.    Men. 
Entire  year;  non-basal*  at  rest 

Keeton  et  aL_  

75 

74-76 



and  stripped  to  waist.    Men. 
Entire  year;  basal,  nude.  Steady 
state  (9  hr  exposure).     Men 
and  women. 

Zone  of  Thermal  Neutrality 


DuBois  and  Hardy  . 

Winslow,  Herrington 

and  Ga^gc..  *.*.»»»..»*.**.. 

75 
71.8 

73.2-76,0 
64.8-76.0 

84,0-87.8 
74  -84 

Basal;  nude;  men. 
Basal;  clothed;  men. 

Non-basal;  at  rest;  nude;  men. 
Non-basal  ;  at  rest  ;  clothed  ;  men. 

As  Btiited  previously,  effective  temperature  is  an  index  of  the  degree  of 
warmth  experienced  by  the  body.  An  effective  temperature  line  is,  there- 
fore, a  line  defining  the  various  combinations  of  conditions  which  will 
induce  like  sensations  of  warmth.  It  does  not  necessarily  follow  that  like 
sensations  of  comfort  will  also  be  experienced  along  the  entire  length  of 
an  effective  temperature  line*  Some  degree  of  discomfort  is  likely  to  be 
experienced  at  very  high  or  very  low  relative  humidities,  regardless  of  the 
effective  temperature.  It  has  also  been  found  that  the  optimum  effective 
temperature  varies  with  the  season,  and  is  lower  in  winter  than  in  summer, 

Tests14  made  at  the  AJ3.H.VJ3.  Research  Laboratory  in  very  hot 
conditions  with  subjects  doing  light  work,  were  in  very  close  agreement 
with  the  effective  temperature  chart  Other  work20  under  similar 
environmental  conditions,  but  with  subjects  walking  3  mph  and  carrying 
20  Ib  puch^  indicated  that  the  effective  temperature  lines  should  be  more 
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nearly  horizontal.    It  therefore  appears  that  the  slope  of  the  ET  lines 
may  vary  depending  upon  the  rate  of  work  being  performed. 

Fig.  10  shows  the  A.S.BLV.E.  Comfort  Chart22  modified  in  several  respects 
from  the  chart  previously  shown.  The  shaded  areas  and  arrows  indicating 
the  summer  and  winter  comfort  zones  have  been  removed.  The  summer 
comfort  zone  was  removed  because  it  extended  to  temperatures  where  too 
large  a  percentage  of  the  people  would  be  uncomfortable.  The  winter 
comfort  zone  was  removed  for  the  same  reason,  and  because  of  inadequate 
data  in  later  studies. 


200 


A.S.H.V.E 
RESEARCH    LABORATORY 


60  70 

DRY  BULB   TEMPERATURE   F 

FlG.  8.  PSYOHBOMETBIC  C/HABT,  PBBSONS  ATRBST,  NOBMALMf  C/L0THBD,  W  B*BLL  All 

The  distribution  curve,  showing  the  per  cent  of  people  feeling  comfortable 
at  various  effective  temperatures  in  summery  indicates  that  a  'maximum  of 
98  per  cent  of  the  people  were  comfortable  at  71  ET,  The  study  was 
conducted  with  relative  humidities  between  30  and  70  pet  cent* 

The  distribution  curve  shown  on  the  previously  used  chart,  allowing  the 
per  cent  of  people  feeling  comfort/able  at  various  effective  tomporuturcM  in 
the  winter,  was  based  on  research  prior  to  1932,  This  curve  indicated 
that  at  66  ET  a  maximum  number  of  people  were  comfortable,  I jtfer 
studies23  by  the  A.S.H.V.E,  Research  Laboratory  indicated  that  a  maxi- 
mum of  97.7  per  cent  of  the  people  were  comfortable  at  68  KT,  and  this 
finding  has  been  confirmed  by  current  practice.**  However,  adequate 
data  from  the  later  studies  were  available  only  for  the  ET  of  05  to  69, 
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FIG,  9,  *RFFB€TXVB  TBMPBBATUEB  CHABT  SHOWING  NOKMAL  SCALE  OF  EFFECTIVE 

T&i6P&£UTUfi&,  APPLICABLE  TO  INHABITANTS  OF  THH  UNITED  STATES 

UNDBR  FOLLOWING  CONDITIONS: 

4.  Clothing:    Ciutonuuy  Indoor  elothinf.    B¥  Activity:    Sedentary  or  light  muscular  work.    C*  Heating 

tMi:    Convection  type,  if,,  wiwm  air,  direct  steam  or  hot  water  radiators,  plenum  systems. 


as  presented  In  Fig,  10,    The  studies  should  be  extended  to  cover  a  wider 
range*    The  lighter  weight  clothing,  probably  worn  in  the  later  studies, 

accounts  for  the  higher  desirable  BT. 

Radiation  from  occupants  to  room  surfaces  and  between  the  occupants 
has  an  important  bearing  on  the  feeling  of  warmth,  and  may  alter  to  some 
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measurable  degree  the  optimum  conditions  for  comfort  previously  in- 
dicated. Since  the  mean  radiant  temperature  of  a  space  is  affected  by 
cold  walls  and  windows,  as  well  as  by  the  warm  surfaces  of  heating  units 
placed  within  the  room  or  imbedded  in  the  walls,  these  factors  must  be 
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AIR   MOVEMENT   OR   TURBULENCE 
15  TO   25   FT    PER    M!N 


80 
DRY   BULB    TEMPERATURE    F 

FIG.  10.  A.SJLV.E.  COMFOBT  CHAW  FOE  SWXA  AIB***> 


too 


*  Note.—  Both  summer  and  winter  comfort  zone*  apply  to  inhabitants  of  the  United  only.    App1!«- 

tion  of  winter  comfort  line  Is  further  limited  to  roomi  heated  by  oentml  ataliott  «f  tih»  <*mvKM*tiaa 

type.  The  line  does  not  apply  to  rooms  heated  by  radiant  m«thods»  Application  <rf  oumtttfr  wmfotrt  Ho* 
is  limited  to  homes,  offices  and  th©  like,  where  the  occupants  b«som®  fully  adupttd  tn  tl»  i,rilfi«tbl  air  «>«« 
ditions.  The  line  does  not  apply  to  theaters,  department  itorw.  »nd  the  uto  wtoe  tli«  «»»itrf  fe  UMW  4b«* 
3  hours.  The  optimum  summer  comfort  line  shown  pertains  to  Pittsburgh  wad  to  othmr  in  tlw  nortlurn 
portion  of  the  United  States  and  Southern  Cwiadi»,f  and  at  etemtions  not  in  of  1000  ft  fttew  9m  I 

An  increase  of  one  deg  ET  should  be  made  approximately  pw  5  deg  reduction  in  north  Ifttlliide* 

b  Dotted  portion  of  winter  comfort  Hne  was  extrapolated  beyond  twt  d^t»» 


compensated.  Likewise,  in  densely  occupied  spaces,  such  OH 
theaters  and  auditoriums,  temperatures  somewlmt  lower  than 
indicated  by  the  comfort  line  may  be  desirable  because  of  «oiunl«r- 
radiation  between  the  bodies  of  occupants  in  close  proximity  to  each  other, 
Such  radiation  will  also  elevate  the  mean  radiant  temperatup©  of  the  room. 
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Many  field  studies23  have  been  made  to  determine  the  optimum  indoor 
effective  temperature  for  both  winter  and  summer  in  several  metropolitan 
districts  of  the  United  States  and  Canada,  in  cooperation  with  the  manage- 
ments of  offices  employing  large  numbers  of  workers  (Fig.  11).  On  the 
whole  women  of  all  age  groups  studied  prefer  an  effective  temperature  for 
comfort  1.0  deg  higher  than  men.  All  men  and  women  over  40  years  of 
age  prefer  a  temperature  1  deg  ET  higher  than  that  desired  by  persons 
below  this  age.  The  persons  serving  in  all  of  these  studies  were  repre- 
sentative of  office  workers  dressed  for  air  conditioned  spaces  in  the  summer 
season,  and  engaged  in  the  customary  office  activity. 
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FlG.  1L  BSJIiATION  BffiTWBBN  EFFBCTIVB  TBMPBRATURB  AND  PKKCBNTAGB  OBSBBVA- 

TIONS  iKDICATINa  COMFOET 

On  the  basis  of  present  knowledge,  for  different  geographical  regions 
and  age  groups,  the  most  popular  temperature  varies  from  a  low  of  66  ET 
iB  winter  to  a  high  of  73  ET  in  summer*  The  spread  for  summer  comfort 
is  69  to  73  ET. 

A  spread  of  3  deg  in  the  optimum  effective  temperature  for  summer 
cooling  in  ascribed  to  geographical  location,  However,  variations  in  sensa- 
tion of  comfort  among  individuals  may  be  greater  for  any  given  location 
than  variations  due  to  a  difference  in  geographical  location.  The  available 
information  indicates  that  changes  in  weather  conditions  over  a  period  of  a 
few  days  do  act  alter  the  optimum  indoor  temperature. 

Sudden  chilling  (shock)  of  persons  entering  a  cooled  and  air  conditioned 
space  during  the  Bummer  months,  may  at  times  be  important.  It  is  due 
to  the  rapid  evaporation  of  perspiration  which  accumulated  on  the  skin 
and  in  the  clothing  during  previous  &ubj  action  to  hot  and  humid  outside 
conditions*  While  studies25  have  shown  that  for  healthy  individuals 
this  $h0&k  is  not  harmful,  under  some  conditions  it  may  be  unpleasant  or 
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even  harmful.  People  entering  and  remaining  in  cooled  spaces  for  short 
periods,  15  min  or  less,  may  be  satisfied  with  less  cooling.  For  long 
occupancy  very  little  deviation  from  the  optimum  effective  temperature 
is  indicated. 

An  exit  shock  upon  re-entering  a  warm  atmosphere  is  equally  plausible. 
Experiments  at  the  A.S.H.V.E.  Research  Laboratory26  indicated  no 
demonstrable  harm  to  a  healthy  individual.  Adaptation  occurred 
as  soon  as  normal  perspiration  was  established.  Mild  exorcise  shortened 
the  adaptation  time. 

A  great  number  of  persons  seem  to  be  fairly  content  in  summer  with 
a  higher  plane  of  indoor  temperature.  Studies  by  the  University  of 
Illinois27  in  cooperation  with  the  A.S.H.V.E.  Committee  on  Research 
indicate  that  effective  temperatures  as  high  as  74.5  ET  are  acceptable  in 
the  living  quarters  of  a  residence,  and  while  this  condition  is  not  representa- 
tive of  optimum  comfort,  it  provides  sufficient  relief  in  hot  weather  to  be 
acceptable  to  the  majority  of  users,  in  the  interest  of  economy.  Individual 
minority  differences  can  be  counteracted  by  clothing. 

Satisfactory  comfort  conditions  for  persons  at  work28  vary  depending 
upon  the  rate  of  work  and  the  amount  of  clothing  worn.  In  general,  the 
greater  the  degree  of  activity,  the  lower  the  effective  temperature  neces- 
sary for  comfort.  Clothing  has  been  evaluated  for  its  overall  insulation 
effects  by  a  physical  unit,  the  do  which  equals  0.1 1C  0  deg  per  (kilogram 
calorie)  (square  meter)  (hour).29  Yaglou30  criticizes  the  concept  of  overall 
insulation,  and  points  out  that  different  parts  of  the  body  require  different 
amounts  of  insulation.  The  literature  on  effects  of  clothing  is  difficult  to 
coordinate  at  the  present  time  as  much  of  it  is  still  in  military  service 
reports  which  are  yet  to  be  published  and  amplified, 

For  prematurely  born  infants,  the  optimum  temperature  varies  from 
100  to  75  F,  depending  upon  the  stage  of  development.  The  optimum 
relative  humidity  for  these  infants  is  placed  at  05  per  cent.31  No  data  are 
yet  available  on  the  optimum  air  conditions  for  full  term  infanta  and 
young  children  up  to  school  age.  Satisfactory  air  conditions  for  those  age 
groups  are  assumed  to  vary  from  75  to  08  F  with  natural  indoor  humidities 
For  children  (having  high  metabolism)  at  school,  in  winter  clothes,  70  F 
has  been  considered  correct,  with  55  F  recommended  for  gymruuflum». 
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CHAPTER  7 

AIR  CONDITIONING  IN  THE  PREVENTION 
AND  TREATMENT  OF  DISEASE 

Sanitary  Ventilation,  Control  of  Airborne  Infection,  yalue  of  Air  Cooling  Under 

Tropical  Conditions,  Treatment  of  Disease,  Operating  Rooms,  Nurseries  for 

Premature  Infants,  Fever  Therapy,  Cold  Therapy,  Allergic  Disorders, 

Oxygen  Therapy,  General  Hospital  Air  Conditioning 

THE  late  war  caused  an  increase  of  interest  in  the  preventive  aspects  of 
air  conditioning.    It  re-emphasized  the  importance  of  the  control  of 
airborne  infection  and  demonstrated  the  value  of  air  cooling  under  tropical 
conditions  for  the  prevention  of  heat  rash,  for  promoting  proper  rest  and 
sleep,  and  in  the  convalescence  of  patients. 

SANITARY  VENTILATION 

During  the  last  15  years  great  popular  interest  has  been  aroused  in  the 
spread  of  respiratory  infection  indoors  and  control  by  ventilation  or  its 
sanitary  equivalent  by  air  disinfection.  Three  important  documents  have 
appeared  in  English,  Swedish  and  French  literature  in  the  last  year. 

In  this  country,  where  the  study  initiated,  the  Council  of  Physical 
Medicine  of  the  American  Medical  Association  approved  the  radiant  dis- 
infection of  air  in  1943,  and  two  sub-committees  of  the  Committee  on 
Research  and  Standards  of  the  American  Public  Health  Association  have 
reported  favorably  upon  the  control  of  airborne  infection  by  sanitary 
ventilation  and  on  air  sanitation,  respectively. 

The  work  of  a  Technical  Advisory  Committee  on  Air  Sterilization  of 
this  Society  has  from  time  to  time  reported  progress  in  the  Journal  since 
1944,  and  has  approved  a  set  of  definitions,  formulations  and  factors  which 
is  now  being  reviewed  by  the  Committee  of  Research  and  Standards  of 
the  A.PJ3.A.  with  the  purpose  of  joint  adoption  by  the  Association  and 
the  Society. 

Since  this  important  new  field  of  sanitary  ventilation  is  yet  in  its  infancy, 
just  emerging  from  the  research  and  development  stage,  it  has  not  been 
possible  to  prepare  a  comprehensive  treatment  in  the  Guide.  Those  pro- 
fessionally interested  must  still  refer  to  the  official  publications  of  the  or- 
ganisations listed,  and  the  enormous  technical  literature  on  the  subject 
which  they  review.  The  following  section  on  Control  of  Airborne  Infec- 
tion gives  some  idea  of  the  scope  of  the  subject. 

CONTROL  OF  AIRBOKNE  INFECTION 

The  majority  of  airborne  diseases  are  spread  indoors  where  people  gather. 
Any  program  of  air  sanitation  is  influenced  by  a  number  of  factors.  In 
the  winter  months,  the  closing  of  doors,  windows  and  other  means  of  access 
to  the  outside  air  to  conserve  warmth,  as  well  as  the  crowding  of  persons 
indoors,  provides  conditions  conducive  to  a  high  incidence  of  contagion. 
This  seasonal  phenomenon,  illustrated  in  Fig,  1  which  represents  a  study 
made  by  the  U»  8.  PubUc  Hedfk  Service,  will  concern  the  ventilating 
enpaeer  in  so  far  as  air  quality  (determined  by  temperature,  humidity,  air 
replenishment  and  type  of  air  movement  and  by  freedom  from  contaminar 
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tion)  is  a  major  intrinsic  factor.  Apart  from  the  seasonal  picture  of  air- 
borne contagion  are  such  extrinsic  factors  as  rate  of  turnover  of  personnel 
and  the  marked  susceptibility  of  the  recruit  in  comparison  with  permanent 
personnel1  as  shown  in  Fig.  2  by  studies  of  military  personnel  housed  in 
barracks.  These  extraneous  variables  and  the  factor  of  contact  infection 
(direct  spray)  tend  to  complicate  any  evaluation  of  the  effectiveness  of 
air  sanitation  for  elimination  of  micro-organisms  in  droplet-nuclei  and  drop- 
let-dust. Thus,  control  measures  may  eliminate  consistently  90  per  cent 
of  airborne  organisms  in  laboratory  tests,  but  cannot  effect  a  decrease  in 
actual  incidence  of  infection  exceeding  30  per  cent.  Thirty  per  cent  may 
be  the  maximal  reduction  in  infection  possible  by  air  treatment  methods. 
The  distinction  should  be  clearly  drawn,  therefore,  between  the  effective- 
ness of  a  procedure  in  laboratory  tests  and  its  effectiveness  and  applicability 
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in  actually  reducing  the  incidence  of  airborne  disease.  On  the  other  hand, 
recent  studies  suggest  that  inhalation  of  dust-borne  bacteria  is  more  im- 
portant than  direct  inhalation  of  infectious  droplets  or  droplet  nuclei  in 
the  spread  of  respiratory  tract  infections** 

The  following  sequence  of  events  has  been  postulated  as  occurring  m 
a  large  proportion  of  intra-ward  infections:  (a)  ejection  of  relatively 
large  protected  infective  particles  from  patients,  (6)  rapid  venting  or 
settling  of  these  particles  so  that  those  remaining  airborne  are  in  low  con- 
centration, (c)  survival  of  infective  particles  to  permit  the  accumulation 
of  high  concentrations  on  surfaces,  (d)  repeated  reintroduetion  of 
partiote  into  the  air  i«d$r  the  stimuli]*  of  ward  or  by  air  current* 
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of  the  order  of  50  fpm  over  the  floor,  and  (e)  extension  of  infective  areas  by 
air  turbulence  throughput  the  ward  or  hospital.  The  most  important  link 
in  this  probable  infection  chain  has  been  demonstrated  to  be  the  reintro- 
duction  of  particles  into  the  air.8 

Intensive  studies  on  air  disinfection  have  indicated  two  distinct  control 
measures,  (a)  suppression  of  dust  and  lint,  and  (5)  disinfection  of  droplet- 
nuclei.  A  third  measure,  control  of  relative  humidity  is  important.  It 
has  been  shown  that  the  viability  of  certain  organisms  sprayed  into  the 
atmosphere  from  a  liquid  suspension  is  dependent  on  relative  humidity. 
The  mortality  rate  of  the  organisms  is  very  high  at  a  relative  humidity  of 
50  per  cent,4  and  decreases  at  humidities  above  and  below  this  figure.  It 
has  also  been  reported  that  the  influenza  virus  loses  much  of  its  virulence 
when  the  relative  humidity  is  50  per  cent.5 

Well  controlled,  large  scale  tests  of  the  various  methods  of  air  sterilization 
conducted" "in  barracks6' 7  have  confirmed  the  importance  of  dust  control 
in  minimizing  the  spread  of  airborne  disease,  a  consideration  which  has 
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guided  the  practices  of  ventilating  engineers  for  a  number  of  years.    The . 
importance  of  the  dust  factor  has  been  emphasized  by  many  engineers  and 
has  been  convincingly  demonstrated  by  subsequent  bacteriologic  studies 
aboard  ships. 

Treatment  of  floors  and  bedclothes  with  oil  emulsions  has  proved  effec- 
tive in  reducing  bacterial  dispersion  by  as  much  as  90  per  cent  in  Army 
barracks  and  station  hospitals.7  The  incidence  of  acute  respiratory  in- 
fections was  from  10  to  30  per  cent  lower  in  barracks  with  oiled  floors  and 
bedclothes  than  it  was  in  control  barracks  which  received  no  special  treat- 
ment. More  recent  studies,  however,  have  yielded  inconsistent  results, 

An  emulsifying  mixture,  Fimnol  C  containing  cetyl  pyridinium  bromide, 
when  incorporated  in  the  oil-in-water  emulsion  imparted  a  bactericidal 
action  to  the  emulsion.  Blankets  treated  with  this  substance  and  oil 
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became  bactericidal  and  retained  this  property  for  as  long  as  three  months. 
The  possibility  of  hypersensitivity  of  an  occasional  individual  to  bromide 
drugs  should  be  borne  in  mind  when  exposing  large  groups  to  treated  gar- 
ments or  blankets.2 

No  simple  method  for  disinfecting  droplet-nuclei  has  yet  been  devised. 
Under  favorable  laboratory  conditions,  propylene  glycol  in  concentrations 
of  0.07  to  0.14  milligrams  per  liter,  and  triethylene  glycol  in  a  concentra- 
tion of  0.0045  milligrams  per  liter  were  highly  germieidai  for  most  air- 
borne bacteria  in  clean  air  when  the  relative  humidity  was  between  40  and 
60  per  cent.8- 9' 10  A  humidity  of  50  per  cent,  without  the  use  of  glycol 
vapor,  has  been  reported  as  destructive  to  some  bacteria.  Apparatus  for 
the  production  of  glycol  vapor,  and  an  independent  duct  system  for  carry- 
ing this  vapor  and  diluting  air  for  large  rooms  or  spaces,  and  unit  type 
vaporizers  for  small  spaces,  have  been  described  recently.11  There  is  also 
available  a  device  for  the  automatic  regulation  of  glycol  vapor  in  the  air 
called  the  glycostat.  This  instrument  has  been  calibrated  to  measure 
the  degrees  of  saturation  of  the  air  with  glycol  vapor  by  direct  reading 
of  the  variations  in  the  intensity  of  light  reflected  from  the  glycol  con- 
densing surface  of  the  wheel  of  the  instrument.12  Under  practical  con- 
ditions, however,  particularly  in  the  presence  of  dust  in  the  air,  glycol 
effectiveness  is  much  reduced.  The  use  of  other  chemical  aerosols  that 
have  been  tried  is  limited  by  their  toxicity,  odor,  or  destructiveness  to 
fabrics  and  metals.  A  recently  reported  controlled  experiment  in  the 
offices  of  the  Metropolitan  Life  Insurance  Company  showed  that  under 
ordinary  working  conditions  triethylene  glycol  vapor  failed  to  reduce  the 
number  of  airborne  bacteria  and  the  incidence  rate  of  minor  respiratory 
infections.13 

Ultraviolet  radiation  of  floors  and  upper  air  has  been  studied  extensively 
at  the  Naval  Training  Center,  Sampson,  N.  Y.  In  barracks  housing  naval 
recruits,  hospital  admissions  for  respiratory  infections  (mostly  catarrhal 
fever)  were  25  per  cent  lower  in  a  group  of  men  exposed  to  ultraviolet 
radiation — (2537  Angstrom  Units,  1  to  7  ergs  per  (cm2)  (sec)  at  bed  level)— 
than  they  were  in  adjacent  control  barracks  without  ultraviolet  radiation.14 

A  controlled  study  over  a  six-year  period  on  the  evaluation  of  ultraviolet 
radiation  of  sleeping  quarters  as  a  supplement  of  accepted  methods  of 
respiratory  disease  control  was  recently  reported."  The  amount  of  ra- 
diation over  the  last  two  years  of  the  period  was  about  ftw  times  that 
recommended  commercially.  No  significant  effect  in  the  incidence  of 
•disease  could  be  detected  in  about  400  inmates  during  the  six-year  ;x)rio<L 
The  data  imply  that  air  layers  were  not  sufficiently  mixed.  However* 
more  efficient  mixing  would  have  been  obtained  at  the  of  IiKwanecl 

circulation  of  dust  and  lint.  Sources  of  ultraviolet  radiation  should  be  so 
situated  as  to  protect  the  eyes  of  the  occupants  of  the  room  from  direct  or 
reflected  rays.  A  combination  of  ultraviolet  radiation  and  dust  control 
measures  is  believed  to  be  more  effective  than  either  one  of  the  two  used 
alone,  but  the  proof  for  this  has  yet  to  come. 

The  present  status  (1947)  is  admirably  reviewed  by  the  Committee  on 
Sanitary  Engineering  of  the  Natioml  Research  Conrml^  by  a  sub- 
committee of  the  American  Publw  Health  Both  com- 
mittees feel  that  the  problem  of  air  disinfection  is  still  IE  the 
stage.  Knowledge  concerning  the  effectiveness  of  glycol  has  not 
kept  pace  with  the  development  of  vaporizing  devices,  In  real 
danger  that  commercial  exploitation  of  the  various  devices  may  discredit 
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the  method  ^  and  discourage  careful  research  in  this  important  field.18 
More  experimentation  is  needed  for  arriving  at  a  definite  conclusion 
concerning  its  use  in  industry  and  public  buildings. 

VALUE  OF  AIR  COOLING  UNDER  TROPICAL  CONDITIONS 

The  commissioning  of  a  class  of  naval  hospital  ships  with  all  wards, 
laboratories  and  living  spaces  air  cooled  is  a  notable  achievement  to  pro- 
vide better  treatment  of  patients,  especially  those  suffering  from  extensive 
burns,  by  control  of  environmental  factors.  Although  statistics  are  not 
at  hand  to  indicate  the  deaths  or  retarded  recoveries  of  patients  due  to  lack 
of  air  cooling  in  ships  operating  in  tropical  waters,  it  is  generally  agreed 
among  competent  observers  that  high  temperature  and  humidity  are  major 
factors  in  prolonging  disability  and  increasing  mortality  of  the  sick  and 
injured.  Physiologic  data  obtained  on  healthy  men,  moreover,  show  the 
large  loss  of  body  fluids  and  the  stress  on  the  cardiovascular  system  in  terms 
of  increased  pulse  rate  when  these  men  are  continuously  subjected  to  high 
temperatures.  Even  at  rest  about  50  cc  of  fluid  per  hour  are  lost  as  sweat19 
through  intact  skin.  In  burn  patients  the  difficulty,  encountered  in  tem- 
perate climates,  of  maintaining  fluid  and  electrolyte  balance  is  tremendously 
augmented  by  the  additional  evaporative  fluid  loss  in  hot  environments. 

Patients  who  have  such  varied  conditions  as  heart  disease,  thyrotoxico- 
sis,  shock  from  any  cause,  severe  hemorrhage,  or  those  who  have  had  an 
anesthetic,  will  invariably  store  heat  when  subjected  to  a  hot,  humid  envi- 
ronment. The  gradient  between  the  body  surface  temperature  and  the 
environmental  temperature  is  such  that  loss  by  radiation  is  slight.  The 
heat  loss  by  evaporation  in  a  warm,  humid  environment  is  low  whether 
the  patient  does  or  does  not  perspire.  The  heat  regulatory  center  may  be 
temporarily  deranged  following  an  anesthetic,  brain  injury,  or  after  an 
overdose  of  barbiturate.  Loss  of  fluids  and  electrolytes  is  another  influ- 
encing factor.  Cooling  the  body  is  the  answer  to  this  problem,  and  this 
can  best  be  done  in  a  cool  room  of  low  relative  humidity  where  conditions 
for  heat  loss  arc  ideal  This  measure  is  also  valuable  in  controlling  tem- 
perature height  of  patients  with  various  acute  febrile  diseases.20 

Frequently  from  50  to  75  per  cent  of  personnel  aboard  naval  vessels 
operating  in  tropical  waters  are  afflicted  with  heat  rash  to  a  degree  that 
interferes  with  rest  and  sleep.  In  carefully  controlled  experiments19  it 
was  possible  to  produce  a  fulminating  type  of  rash  in  all  men  living  con- 
tinuously at  an  effective  temperature  of  85  (90  F  dry-bulb  and  83  F  wet- 
bulb).  In  the  control  group,  12  out  of  24  hr  were  spent  in  a  relatively  cool 
atmosphere  of  75  ET  (80  F  dry-bulb,  and  70  F  wet-bulb).  These  men 
either  remained  free  from  heat  rash,  or  occasionally  developed  a  mild  form. 
Thus,  intermittent  cooling  to  a  degree  which  prevented  sweating  in  men 
at  rest  eliminated  a  serious  handicap  to  good  performance  of  duty. 

In  both  laboratory  tests  and  aboard  hospital  ships  a  relatively  cool  living 
environment  of  76  to  78  ET  provided  an  atmosphere  conducive  to  rest  and 
sleep  without  excessive  sweating.  Berthing  spaces  tended  to  have  ex- 
tremely low  odor  levels.  Motivation,  initiative  and  alertness,  in  contrast 
to  the  usual  irritability  and  lack  of  incentive  incident  to  residence  in  tropical 
climate,  were  maintained.21 

Little  hm  been  done,  however,  to  obtain  practical  methods  for  application 
of  air  conditioning  under  heavy  heat  loads  and  on  the  enormous  scale  that 
would  be  needed  to  modify  life  in  the  tropics,  It  is  not  improbable  that 
cooled  houses  in  a  tropical  climate,  if  used  consistently  for  one  generation, 
might  modify  the  whole  character  of  a  population.  The  obvious  advan- 
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tages  of  part  time  cooling  on  personnel  to  promote  rest  and  sleep  in  tropical 
areas  would  provide  a  prophylactic  measure  of  great  potential  importance. 

TREATMENT  OF  DISEASE 

In  the  past  few  years  considerable  progress  has  been  made  in  using  air 
conditioning  as  an  adjunct  in  the  treatment  of  various  diseases.  Among 
the  important  applications  are  those  in  operating  rooms,  nurseries  for 
premature  infants,  maternity  and  delivery  rooms,  children's  wards,  clinics 
for  arthritic  patients,  heat  therapy,  cold  therapy,  oxygen  therapy.  X-ray 
rooms,  the  control  of  allergic  disorders,  and  for  the  physiological  effects  in 
industry. 

Normal  individuals  may  be  subjected  to  considerable  strain  in  adjusting 
to  hot,  humid  conditions.  Heat  loss  by  radiation  is  reduced,  as  is  loss  by 
evaporation  of  sweat.  Individuals  with  certain  disease  processes  are  at  a 
still  greater  disadvantage  since  they  may  also  have  difficulty  in  the  trans- 
port of  heat  from  the  interior  to  the  surface  of  the  body  via  the  circulation. 

Patients  with  thyrotoxicosis  tolerate  hot,  humid  conditions  or  heat  wave® 
very  poorly.  Their  metabolism  is  high,  and  therefore  their  heat  production 
is  excessive.  They  may  be  unable  to  eliminate  heat  from  the  body  surface 
as  rapidly  as  it  is  produced  and  transported  to  the  skin.  They  develop 
hyperthermia  or  fever,  and  a  tachycardia  or  rapid  heart  rate.  The  demand 
on  the  circulation  for  transport  of  heat  from  the  interior  of  the  body  to  the 
skin  surface  is  increased.  The  increased  body  temperature  leads  to  in- 
creased cell  metabolism,  and  in  turn  to  still  greater  heat  production.  This 
vicious  cycle  may  threaten  life  if  the  cardie-vascular  or  transport  mecha- 
nism breaks  down.  A  cool,  dry  environment  favors  the  losw  of  heat  by 
radiation  and  evaporation  from  the  skin,  and  may  save  the  life  of  Iho  pa- 
tient with  thyrotoxicosis. 

Cardiac  patients  may  be  unable  to  maintain  the  circulation  necessary  to 
insure  normal  heat  loss.  Individuals  with  head  injuries,  those  subjective! 
to  brain  operations,  and  those  with  barbiturate  poisoning  may  haves  hy- 
perthermia, especially  in  a  hot  environment,  due  to  a  disturbance  in  the 
heat  regulatory  center  of  the  brain.  Obviously,  one  of  the  moist  important 
factors  in  recovery  is  an  environment  in  which  the  patient  can  lose*  heat  by 
radiation  and  evaporation,  namely,  a  cool  room  with  dehumidified  air, 

The  patient  in  shock,  or  the  patient  who  has  had  a  severe  hemorrhage, 
may  have  an  inadequate  volume  of  circulating  blood  and  be  unable  to 
maintain  an  adequate  skin  circulation.  This  may  result  in  heat  storage 
or  fever.  Patients  with  extensive  skin  burns  may  be  unable  to  lose  heat 
adequately  from  the  limited  uninvolved  skin  surface,  and  thus  develop  a 
fever.  They  need  adequate  fluid  replacement,  saline  solution,  plasma  or 
blood  to  expand  the  circulating  blood  volume  and  thereby  improve  pe- 
ripheral circulation.  A  cool  environment  is  valuable  in  aiding  heat  lass 
after  adequate  skin  circulation  is  established- 

A  hot,  dry  environment  (89.6  F  and  35  per  cent  relative  humidity) 
has  been  used  over  an  extended  period  for  the  treatment  of  patients  with 
rheumatoid  arthritis,  with  reported  improvement,*1 

OPERATING  ROOMS 

The  widest  application  of  air  conditioning  in  hospitals  is  in  operating 
rooms.  Complete  air  conditioning  of  operating  wards  is  important  be- 
cause winter  humidification  helps  reduce  the  danger  of  anestfcetie 
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summer  cooling  with  some  dehumidification  tends  to  eliminate  excessive 
fatigue  and  to  protect  the  patient  and  operating  personnel;  and  finally, 
filtering  aids  the  removal  of  allergens  from  the  operating  room  air. 

Reducing  Explosion  Hazard 

Explosion  hazards  in  operating  rooms  began  with  the  introduction  of 
modem  anesthetic  gases  and  apparatus.  Ether  administered  by  the  old 
drop  method  gives  rise  to  an  explosive  mixture,  but  in  practice  this  method 
is  still  regarded  as  comparatively  safe,  When  ether  is  mixed  with  pure 
oxygen,  or  nitrous  oxide  in  certain  concentrations,  the  explosion  hazard 
may  be  as  great  as  with  ethylene-oxygen,  or  cyclopropane-oxygen  mixtures. 

Of  the^  anesthetic  gases  nitrous  oxide  alone  does  not  explode  but  supports 
combustion.  Ether,  vinyl  ether,  ethylene,  and  cyclopropane  are  as  poten- 
tially dangerous  as  gasoline  or  illuminating  gas  in  the  home.23  Chloroform 
does  not  explode  violently  in  contact  with  flame  but  decomposes  to  liberate 
phosgene.  All  of  the  anesthetic  gases  and  vapors,  except  ethylene,  are 
heavier  than  air.  Although  the  incidence  of  injury  or  death  from  explosion 
is  negligible  compared  with  other  hazards  in  the  operating  room,  the  dra- 
matic features  surrounding  an  explosion  justify  continued  investigation 
to  eliminate  the  hazard. 

During  the  course  of  ethylene  anesthesia,  the  mixture,  usually  80  per 
cent  ethylene  and  20  per  cent  oxygen,  is  so  rich  that  the  danger  of  explosion 
is  slight  in  the  immediate  vicinity  of  the  face  mask,  but  leakage  of  ethylene 
into  the  air  may  accumulate  to  any  lower  concentration,  and  thus  introduce 
a  serious  hazard.  The  most  dangerous  period  is  at  the  end  of  the  operation 
when  the  patient's  lungs  and  the  anesthesia  apparatus  are  customarily 
washed  out  with  oxygen  with  or  without  the  addition  of  carbon  dioxide. 
Even  when  this  procedure  is  omitted,  it  is  difficult  in  practice  to  avoid 
dilution  of  the  anesthetic  gas  with  air  during  the  normal  course  of  breathing 
following  the  administration.  In  either  case  the  mixture  would  pass 
through  the  explosion  range  and  extraordinary  precaution  is  necessary  for 
the  safety  of  the  patient  and  operating  personnel. 

In  a  study2'1  of  230  anesthetic  explosions  and  fires,  70  per  cent  of  the  ex- 
plosions and  60  per  cent  of  the  deaths  were  caused  by  igniting  agents  other 
than  static  sparks.  In  1941  the  National  Fire  Protection  Association25 
made  certain  recommendations  for  safe  practice  based  on  available  infor- 
mation. Some  of  these  recommendations  are: 

Windows  should  b©  kept  closed  so  that  the  air  conditioning  system  can  prevent 
pooling  of  explosive  anesthetic  gases.  Twelve  air  changes  per  hour  and  a  humidity 


of  55  per  cent'are  advised .  If  a  higher  humidity  were  compatible  with  the  well  being 
of  the  patient  and  personnel,  it  should  bo  maintained.  All  electrical  installations 
should  comply  with  the  standards  set  by  the  National  Electrical  Code  for  use  in  ex- 
plosive situations.  Cautery  equipment  should  not  be  used  in  hazardous  locations, 
To  prevent  static  sparks,  all  bodies  in  an  operating  room  should  be  conductive  or 
coupled.  It  is  essential  that  adequate  grounding  be  provided  for  the  floor  and  every 
object  in  the  operating  room.  Conductive  rubber  should  be  used  on  shoes,  leg  tips, 
operating  table  coverings  and  all  rubber  parts  of  the  anesthesia  equipment.  All 
furniture  in  contact  with  the  floor  should  be  metal.  In  the  absence  of  complete 
grounding  facilities,  the  simple  method  of  intercoupling  patient,  operating  table, 
anesthetist  and  gas  machine  at  ground  potential  may  be  used. 

Experience  has  shown  that  neither  high  humidity  nor  intercoupling 
devices  has  eliminated  the  danger  from  static  electric  discharge.  The 
removal  of  gas  concentrations  from  the  operating  table  area,  by  means  of 
specially  devised  exhaust  ventilation,  should.be  thoroughly  tested.  Port- 
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able  duct  systems  as  installed  aboard  ship  should  be  acceptable.  ^  Serious 
explosions  can  occur  in  a  closed  system,  but  proper  precautions  will  reduce 
this  hazard  to  a  minimum. 

It  should  be  realized  that  when  a  room  and  the  occupants  have  been  com- 
pletely grounded,  there  is  always  the  possibility  that  the  patient  or  the 
operator  might  receive  a  dangerous  shock  if  a  short  circuit  developed  in  any 
of  the  electrical  equipment. 

A  comprehensive  study  of  the  explosion  problem  and  of  the  general  causes 
and  prevention  of  operating  room  hazards,  by  the  University  of  Pittsburgh, 
the  A.S.H.V.E*  Research  Laboratory,  and  the  U.  S.  Bureau  of  Mines  has 
led  to  a  fruitful  attempt  to  eliminate  the  explosive  range  of  cyclopropane, 
one  of  the  best  but  most  difficult  gases  to  handle.  The  use  of  helium  as  a 
diluent  in  the  total  gaseous  mixture  controls  the  oxygen  concentration  by 
displacement  and,  because  of  its  flame  quenching  properties,  it  is  the  ideal 
gas  for  this  purpose.  In  addition,  a  gaseous  mixture  containing  helium 
is  more  difficult  to  ignite  by  electric  discharges,  and  this  quality  also  in- 
creases the  safety  factor  of  anesthetic  administration. 

Operating  Room  Conditions 

Little  is  known  about  optimum  air  conditions  for  maintaining  normal 
body  temperatures  during  anesthesia  and  the  immediate  post-operative 
period.  An  anesthetized  patient  displays  dilation  of  blood  vessels  in 
the  skin  resulting  in  profuse  sweating  and  (it  has  been  believed)  inability 
to  regulate  body  temperature.  From  this  it  was  concluded  that  all  anes- 
thetized patients  suffered  considerable  heat  loss,  although  there  may  be 
little  more  than  0,8  F  variation  in  the  rectal  temperature  (luring  the  course 
of  the  operation,20  The  severe  physiological  effects,  such  as  excessive 
sweating  and  rapid  pulse,  of  high  operating  room  temperatures  on  attend- 
ants and  patients  during  the  hot  months  signify  the  need  for  proper  wool- 
ing.  Statements  of  surgeons  who  operate  in  both  air  conditioned  and 
non-air  conditioned  rooms  strongly  indicates  that  the  recuperative  power  of 
the  patient  is  greater  when  operated  upon  in  air  conditioned  rooms,8* 

Although  the  comfortable  air  conditions  for  the  operators  are  not  identi- 
cal with  those  for  the  patient,  it  is  usually  not  difficult  to  compromise  within 
a  range  of  55  to  60  per  cent  relative  humidity  and  72  to  30  F  temperature. 
The  work  just  cited  reported  that  68  to  70  F  effective  temperature  not  only 
furnished  comfort  for  the  operating  room  workers,  but  apparently  pre- 
vented exhaustion  of  the  patient  as  evidenced  by  rapid  convalescence  In 
the  recovery  ward.  Additional  heat  may  be  furnished  to  the  patient 
locally  or  by  suitable  covering,  according  to  body  temperature  in  individual 
cases. 

In  the  control  of  airborne  infection  in  the  operating  room*  the  prevention 
of  dispersal  of  infectious  materials  into  the  air,  control  of  aust,  and  proper 
ventilation  supersede  attempts  to  remove  or  kill  pathogenic 
The  bacterial  content  of  conditioned  operating  rooms  is  generally  lo\?er 
than  that  of  non-conditioned  rooms* 

Bacterial  counts  aboard  an  air-conditioned  submarine  to  be 

exceptionally  low  and  not  cumulative  with  time,  although  all  of  the  air 
was  recirculated  for  more  than  12  hours11  without  replenishment.  The 
removal  of  bacteria  by  the  process  of  air  cooling  of  mois- 

ture out  of  air,  merits  further  study/8 

The  degree  of  air  contamination  cm  be  reduced  by  proper  veatllation 
if  velocity  of  air  over  the  floor  does  not  exceed  50  fpm,  js  in 
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progress  on  the  use  of  filtered  air  flowing  through  a  system  of  mechanical 
cleaners  which  protect  the  patient  against  infection  from  attendants  and 
from  bacteria-containing  air  in  the  corridor  or  ward.29 

Operations  are  frequently  postponed  on  allergic  patients  during  asthmatic 
manifestations  through  fear  of  complications.  The  removal  of  airborne 
allergens,  therefore,  is  in  some  cases  an  important  function  of  the  air  con- 
ditioning system  in  preparing  patients  for  operation, 

Central  system  air  conditioning  plants  and  unit  air  conditioners  prove 
satisfactory  in  operating  rooms  when  producing  between  8  and  12  air 
changes  per  hour  of  filtered  and  properly  conditioned  air,  without  recircu- 
lation,  during  the  course  of  anesthesia.  A  separate  exhaust  fan  system  is 
usually  necessary  to  confine  and  remove  the  gases  and  odors.  Double 
windows  are  desirable  and  often  necessary  to  prevent  condensation  and 
frosting  on  the  glass  in  cold  weather,  and  to  minimize  drafts.  The  air  flow 
of  8  to  12  air  changes  in  operating  rooms  should:  (1)  reduce  the  concen- 
tration of  the  anesthetic  to  well  below  the  pharmacologic  threshold  in  the 
vicinity  of  the  operating  personnel,  (2)  remove  the  great  amounts  of  heat 
and  sometimes  moisture,  from  sterilizing  equipment  if  inside  the  operating 
room,  from  the  powerful  surgical  lights,  from  solar  heat,  and  from  the 
bodies  of  the  operatives,  and  (3)  provide  extra  capacity  for  quickly  pre- 
paring the  room  for  emergency  operations.  Much  can  be  gained  by  ther- 
mal insulation  of  sterilising  equipment  and  by  thorough  exhaust  ventila- 
tion of  sterilizing  rooms  adjoining  the  operating  rooms.  An  air  conditioned 
recovery  ward  in  connection  with  the  air  conditioned  operating  room,  is  of 
great  value  in  stabilizing  peripheral  circulation  and  in  reducing  excessive 
loss  of  fluids  on  hot  humid  days. 

NUHSERIES  FOR  PREMATURE  INFANTS 

One  of  the  most  important  requirements  in  the  care  of  premature  infants 
is  the  stabilization  of  body  temperature.  This  is  necessary  because  the 
infant's  heat  regulatory  system  is  not  fully  developed,  with  the  resultant 

tendency  for  environmental  temperature  to  influence  body  temperature. 
The  younger  the  premature  infant,  the  greater  is  the  tendency.  As  the 
infant's  metabolism  is  low,  heat  production  is  not  adequate  to  maintain  a 
normal  body  temperature  in  a  cool  environment.  The  resistance  to  in- 
fection is  low,  and  the  mortality  rate  is  high.  In  general,  the  younger  the 
age  of  the  premature  infant,  the  higher  the  mortality  rate. 

Nurseries  constructed  for  metabolic  research  should  be  air  conditioned 
so  that  conditions  are  reproducible.  Results  of  such  studies  may  be  in- 
valid if  environmental  conditions  are  not  identical,  since  fluid  and  electro- 
lyte loss  may  vary  greatly  with  change  in  environmental  conditions. 

Air  Conditioning  Requirements 

The  optimum  air  conditions  for  growth  and  development  of  premature 
infants  were  determined  by  extensive  research30  at  the  Children's  Hospital, 
Boston,  Mass*,  using  four  valid  criteria,  namely,  stability  of  body  tempera- 
ture, gain  in  weight,  incidence  of  digestive  syndromes,  and  mortality. 

Individual  temperature  requirements  varied  widely  (from  72  to  100  F) 
according  to  the  constitutional  state  of  the  infants  and  body  weights. 
The  optimum  relative  humidity  was  about  65  per  cent,  and  the  air  move- 
ment lees  than  20  fpm. 

A  single  nursery  conditioned  to  77  F  and  65  per  cent  relative  humidity 
was  found  to  fulfill  satisfactorily  the  requirements  of  the  majority  of  pre- 
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mature  infants.  Additional  heat  for  weak  (or  debilitated)  infants  may  be 
furnished  in  the  cribs  or  by  means  of  electric  incubators  placed  inside  the 
conditioned  nursery,  and  the  temperature  adjusted  according  to  individual 
requirements.  In  this  way  multiplicity  of  chambers  and  of  air  conditioning 
apparatus  is  obviated;  the  infants  in  the  heated  beds  derive  the  benefit 
of  breathing  cool  humid  air,  and  the  nurses  and  doctors  need  not  expose 
themselves  to  extreme  conditions, 

Importance  of  Hitmidity :  Although  external  heat  is  an  important  factor 
in  the  maintenance  of  normal  body  temperature,  humidity  appears  to  be 
of  equal  or  greater  importance.  When  the  premature  nurseries  at  the 
Children's  Hospital  were  kept  at  relative  humidity  between  25  and  50 
per  cent  for  two  weeks  or  longer,  the  body  temperature  became  unstable, 
gain  in  weight  diminished,  the  incidence  of  gastro-intestinal  disturbances 
increased,  and  the  mortality  rose.  On  the  other  hand,  continuous  ex- 
posure to  air  conditions  with  55  to  65  per  cent  relative  humidity  gave 
satisfactory  results  over  a  period  of  years.  The  initial  physiologic  loss  of 
body  weight  (loss  occurring  within  first  four  days  of  life)  was  found  to 
vary  inversely  with  the  humidity.  In  the  old  nurseries  with  natural  humid- 
ity it  averaged  12,4  per  cent  of  the  birth  weight;  in  the  conditioned  nur- 
series it  was  8.9  per  cent  with  25  to  49  per  cent  relative  humidity,  and  6.0 
per  cent  with  50  to  75  per  cent  relative  humidity.  The  number  of  days 
required  to  regain  the  birth  weight  was  correspondingly  maximum  in  the 
old  nursery,  and  minimum  in  the  conditioned  nurseries  under  high  humidity. 

Maximum  gains  in  body  weight  occurred  in  the  conditioned  nurseries 
under  high  humidity  (55  to  65  per  cent)  in  infants  weighing  less  than  5  Ib. 
The  gains  were  less  under  low  humidity  (25  to  50  per  cent)  in  the  same 
nurseries,  and  in  the  old  nurseries  prior  to  the  installation  of  air  conditioning 
apparatus. 

The  incidence  and  severity  of  digestive  syndromes,  with  diarrhea,  per- 
sistent vomiting,  diminishing  gain  or  loss  of  body  weight,  and  other  symp- 
toms, were  generally  from  two  to  three  times  as  high  under  low  as  under  high 
humidity. 

Summarizing,  the  best  chances  for  life  in  premature  infants  are  created 
by  maintaining  a  relative  humidity  of  65  per  cent  in  the  nursery,  and  by 
providing  a  uniform  environmental  temperature  just  sufficiently  high  to 
keep  the  body  temperature  within  normal  limits.  Medical  and  nursing 
care  are,  of  course,  factors  of  equal  and  sometimes  of  greater  importance. 

Ak  Conditioning  Equipment 

Many  of  the  installations  now  in  use  are  of  the  central  system  typo  pro- 
viding for  filtration,  for  humidifieation  and  heating  in  cold  weather,  and 
for  cooling  and  dehumidification  in  hot  weather.  A  ventilation  rate,  be- 
tween 8  and  12  air  changes,  is  desirable  to  remove  odors  and  maintain  uni- 
formity of  temperatures  in  extremes  of  weather.  Recirculation  should  not 
be  used  in  these  wards  owing  to  odors  and  the  possibility  of  infection* 
There  should  be  a  frequent  change  in  spray  water, 

Control  of  Airborne  Infection 

The  protection  of  the  premature  and  older  infant  against  infection  Is 
of  the  utmost  importance*  It  was  found  in  one  installation  equipped  with 
air  conditioning,  germieidal  lights  and  mechanical  barriers  that  air  con- 
ditioning alone  did  not  prevent  the  spread  of  respiratory  eross-iEfectlons.31 
Bacterial  ultraviolet  barriers,  air-conditioning  and  mechanical  barriers  are 
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efficient.    However,  infections  are  brought  in  by,  and  often  spread  by, 
ward  personnel  in  spite  of  these  measures. 

FEVER  THERAPY 

Artificial  production  of  high  fever  in  man  can  be  considered  an  imitation 
of  nature's  way  of  overcoming  invading  pathogenic  organisms.  The  action 
may  be  direct  and  specific  by  destruction  of  the  invading  organism  within 
the  safe  limit  of  human  temperatures,  or  indirect  in  the  case  of  heat  re- 
sistant organisms,  by  general  mobilization  of  the  defensive  mechanisms  of 
the  body. 

Although  the  action  may  be  direct  and  specific  by  destruction  of  the 
invading  ^  organisms  within  the  safe  human  limits,  fever  therapy  exerts 
much  of  its  benefit  through  the  improvement  of  the  mechanism  of  bodily 
defense,  A  serious  challenge  to  the  theory  on  which  fever  therapy  is  based 
comes  from  the  demonstration  that  high  fever  causes  a  reduction  in  the 
concentration  of  circulating  antibodies  in  experimental  animals. 

Patients  for  fever  therapy  should  be  carefully  selected.  The  most  serious 
complications  which  may  arise  are  heat  stroke,  heat  exhaustion  and  cir- 
culatory collapse.  The  chief  minor  complications  are  heat  cramps,  fever 
blisters  and  mild  dehydration. 

The  limits  of  induced  systemic  fever  are  usually  between  104  and  107  F 
(rectal),  and  the  duration  from  3  to  8  hours  at  a  time.  The  total  period 
of  fever  treatment  varies  with  the  type  of  the  organism  involved. 

The  diseases  which  respond  favorably  to  artificial  fever  therapy  are 
gonorrhea  and  its  complications  (which  include  arthritis,  pelvic  infections 
in  women,  and  involvement  of  the  eye),  syphilis  and  chorea. 

The  most  striking  results  are  seen  in  gonorrhea  and  syphilis,  since  the 
causative  organisms  can  be  destroyed  at  temperatures  compatible  with 
human  life.  However,  the  use  of  fever  therapy  has  decreased  since  peni- 
cillin has  been  found  so  effective  in  the  treatment  of  gonorrhea  and  syphilis. 
Mild  fever,  up  to  101 F  for  one  hour  has  recently  been  used  in  the  treatment 
of  rheumatoid  arthritis.  This  degree  of  fever  is  not  bactericidal  but  is 
believed  to  stimulate  the  body  defense  mechanism. 

Equipment  for  Production  of  Fever 

Artificial  fever  can  be  induced  by  injections  of  various  crystalloid  or 
colloid  substances,  bacterial  products  of  typhoid  and  malarial  organisms, 
or  by  physical  methods  using  hot  baths,  radiant  heat  cabinets,  hot  humidi- 
fied air  cabinets,  or  by  short  wave  diathermy  in  combination  with  a  cabinet. 

The  relative  advantages  of  various  methods  have  been  evaluated  clin- 
ically^  Among  the  devices  for  the  production  of  fever  by  physical  means, 
the  one  most  widely  used  is  the  hot  humid  air  or  air  conditioned  cabinet. 
This  apparatus  was  developed  at  the  Kettering  Institute  for  Medical  Re- 
search at  Miami  Valley  Hospital  in  Dayton,  Ohio. 

In  the  earlier  studies  of  the  Society,  temperatures  were  elevated  more 
easily  using  saturated  atmospheres.  A  fever  therapy  apparatus83  using 
these  same  principles  has  proved  efficient  as  a  means  of  inducing  and  main- 
taining fever  in  a  body,  with  small  likelihood  of  burns  because  of  the  com- 
paratively low  dry-bulb  temperatures. 

When  heat  is  necessary  in  treating  legs  or  arms,  such  media  as  short  or 
long  wave  diathermy,  micro-waves,  infrared,  water  baths,  etc.,  have  been 
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used  extensively.  A  recent  development,  a  saturated  atmosphere  heating 
unit,  similar  to  one  previously  described  has  proven  satisfactory,  because 
heat  may  be  administered  over  long%er  periods  which  render  deep  heating 
possible  without  fear  of  burns  or  shocks.  Local  heating  has  been  somewhat 
satisfactory  in  relieving  the  painful  symptoms  of  peripheral  vascular 
disease, 

This  procedure,  however,  is  not  without  danger.  Elevation  of  tissue 
temperature  increases  cell  metabolism  and  the  need  for  oxygen.  The 
inadequate  blood  supply  and  oxygen  deficiency  may  lead  to  tissue  death 
or  gangrene.  Application  of  heat  to  the  trunk  or  abdomen  with  conse- 
quent reflex  dilatation  of  the  vessels  of  the  extremities  eliminates  this  dan- 
ger of  local  heat  application. 

Short  wave  diathermy  within  the  cabinet  during  the  induction  phase  has 
been  used.  When  the  desired  body  temperature  has  been  reached  by  elec- 
trical induction,  the  atmosphere  of  the  enclosure  is  kept  at  saturation  to 
prevent  heat  loss,  thus  maintaining  the  patient's  temperature  at  the  de- 
sired point.  The  two  underlying  principles  in  the  production  of  fever  by 
the  hot,  humid  air  cabinet  are :  (1 )  the  transfer  of  heat  by  conduction  from 
the  circulating  hot  air  to  the  body  and  (2)  prevention  of  heat  loss*  The 

atter  is  more  important.    In  an  atmosphere  of  high  humidity,  the  heat 

oss  by  evaporation  is  markedly  decreased. 

COLD  THERAPY 

Cold  as  an  anesthetic  agent  was  advocated  by  Allen  several  years  ago**4 

Freezing  of  the  tissue  must  be  avoided.  For  certain  patients,  in  whom  am- 
putation of  an  extremity  is  indicated,  the  application  of  a  tourniquet  with 
cooling  of  the  affected  extremity  down  to  near  freezing  (5C  or  4010  is  of 
value.  The  patient,  following  this  procedure  can  be  prepared  for  surgery 
without  the  handicap  of  absorption  of  septic  products  and  severe  pain. 
This  procedure  has  proven  especially  valuable  in  the  neglected  diabetic 
patient  with  an  infected  gangrenous  extremity.  Time  for  treatment  of 
coma  and  hydration  of  the  patient  is  gained,  However,  if  amputation 
of  an  extremity  is  not  indicated,  the  application  of  a  tourniquet  and  pack- 
ing in  ice  are  dangerous  procedures  since  loss  of  the  limb  usually  results. 
An  extremity  with  inadequate  blood  supply  can  be  readily  cooled  with- 
out the  use  of  a  tourniquet,  but  such  an  extremity  is  also  usually  even- 
tually lost.  Theoretically,  cooling  is  said  to  reduce  the  metabolism  of  the 
tissue  with  suspension  of  the  vital  processes.  It  also  reduces  the  blood 
flow  to  practically  zero,  and  few  extremities  with  inadequate  blood  supply 
remain,  viable  or  recover. 

Packing  in  ice,  or  use  of  low  temperatures,  is  contra-Indicated  In  the  treat- 
ment of  patients  with  frostbite,  immersion  foot  or  trench  foot*  Tlie  affected 
extremities  should  be  exposed  to  the  air  in  a  cool  room  and  not  rubbed  with 
snow  or  packed  in  ice*  The  lowering  of  temperature  by  packing  the  body 
in  ice  for  treatment  of  cancer  has  not  proven  suceesef ui 

The  methods  used  for  refrigeration,  depending  upon  available  facilities, 
are  as  follows:04 

(1)  Cracked  or  shaved  ice  which,  Is  eimple  sad  has  the  advantage  of  not  freezing 
tissues.    However,  it  is  cumbersome  and  sloppy  to  handle  aad  Is'  unttitted  to  pro- 
longed treatments. 

(2)  Use  of  ice  in  a  pail  for  immersion  of  local  parts. 

(3)  Special  boxes  for  holding  iee  with  padded  or  curtained  openiap  for  the  limb. 
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(4)  Bare  ice  bags  and  cloth  bags  for  iced  wet  dressings  for  prolonged  treatments 
and  convenience, 

(5)  A  double  chambered  cabinet  using  dry  ice  has  been  constructed. 

(6)  Electrical  refrigerating  apparatus,  consisting  of  a  compact  noiseless  unit  that 
pumps  fluid  to  various  types  of  applications,  is  available.    The  applicators  may  be 
in  the  form  of  blanlcets  containing  rubber  tubes  suitable  for  covering  the  entire  body 
or  all  or  part  of  a  limb.    Special  applicators  are  available  for  insertion  into  various 
body  cavities  and  for  inducing  dental  anesthesia. 

(7)  An  air  chamber  afc  regulated  temperature  for  treatments  of  frostbite  and  im- 
mersion foot,  and  amputation  stumps. 

The  electrical  apparatus  is  costly  but  has  the  advantages  of  thermostatic 
regulation,  light  weight,  freedom  of  movement,  and  permits  prolonged 
treatments  with  heat  as  well  as  cold  over  the  range  of  temperatures  thera- 
peutically  desirable. 

ALLERGIC  DISORDERS 

Hay  fever,  asthma,  eczema  and  contact  dermatitis  are  classified  as 
allergic  disorders.  The  allergic  individual  responds  to  contact  with  a 
variety  of  substances,  which  are  innocuous  to  a  non-allergic  person,  with 
severe  manifestations  of  hypersensitivity. 

These  substances  are  known  as  allergens  and  consist  of  airborne  irritants 
such  as  dusts,  molds,  feathers,  pollens,  animal  dander  and  others;  of  food 
protein  such  as  milk,  wheat,  eggs,  etc.,  or  of  simple  chemicals  brought  in 
contact  with  the  skin.  They  may  enter  the  body  by  various  routes  of 
which  inhalation  is  the  most  common  type.  Ingestion  of  offending  food 
substances  is  not  infrequent. 

The  offending  substance  reacts  with  the  sensitized  cells  of  the  mucous 
membranes  or  skin.  During  this  reaction,  histamine  or  a  histamine-like 
substance  is  released  and  causes  (a)  increased  capillary  permeability,  (b) 
secretion  of  mucus  and  (c)  muscular  contraction.  In  the  eyes  and  nose 
this  produces  itching,  redness  and  lacrimation  or  rhinorrhea,  in  short,  the 
symptoms  of  hay  fever.  In  the  lungs  it  causes,  in  addition  to  the  secretory 
response,  a  contraction  of  the  smooth  muscles  of  the  bronchi  resulting  in 
bronchial  asthma. 

It  is  commonly  known  that  non-specific  environmental  factors  such  as 
dust  irritating  gases,  change  of  temperature  and  humidity  may  precipitate 
asthmatic  attacks  in  allergic  subjects  even  in  the  absence  of  exposure  to 
specific  allergens.  It  is  assumed  that  the  presence  of  frequent  allergic 
bronchial  constriction  renders  the  smooth  muscles  of  the  bronchi  so  sensi- 
tive to  various  non-specific  stimuli  that  the  threshold  of  their  response  to 
such  irritation  is  considerably  lower  than  that  of  a  non-allergic  individual. 

Air  Conditioning  Apparatus 

Of  all  the  measures  to  relieve  a  specifically  sensitive  individual,  elimina- 
tion of  exposure  to  the  responsible  allergen  is  the  most  efficient,  though  not 
always  a  practical  form  of  treatment.  In  recent  years  considerable  elTort 
has  been  made  to  accomplish  such  elimination  by  removal  of  respiratory 
allergens  from  the  air  of  enclosures  by  filtration  or  other  air  conditioning 
processes. 

Paper  or  cloth  filters,  mounted  in  inexpensive  window  or  floor  units, 
prove  quite  satisfactory  in  many  cases,  but  since  dust  and  smoke  frequently 
cau^e  asthmatic  attacks,  it  is  desirable  that  an  air  filter,  to  be  of  full  value 
in  the  treatment  of  asthma,  should  remove  all  possible  dusts  and  pollens 
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regardless  of  size  or  amount.    Electrostatic  air  cleaners  are  more  efficient 
than  most  commonly  used  types  for  capturing  very  fine  dust. 

Although  the  chief  remedial  factor  in  the  treatment  by  conditioned  air 
is  the  filtration  of  pollen,  a  certain  amount  of  cooling  and  dehumidification 
appears  to  be  desirable.  A  comfortable  temperature  between  70  and  75  F, 
and  a  relative  humidity  well  below  50  per  cent  proved  satisfactory.35 
Direct  drafts,  overcooling  or  overheating  are  apt  to  initiate  or  aggravate 
the  symptoms. 

Limitations  of  Air  Conditioning  Methods 

The  results  obtained  with  air  filtration,  or  other  air  conditioning  processes, 
in  the  control  of  allergic  conditions,  are  fairly  comparable  to  those  obtained 
by  deserialization  treatment,  so  long  as  the  patients  remain  in  the  pollen- 
free  atmosphere.  For  all  practical  purposes  filtration  gives  only  tem- 
porary relief.  In  mild  cases  sleeping  in  an  air  conditioned  space  may  make 
it  possible  for  the  individual  to  pass  more  comfortable  nights.  With  rare 
exceptions,  the  symptoms  recur  on  exposure  to  pollen  laden  air.  Moreover, 
the  usefulness  of  air  conditioning  methods  is  limited  because  all  cases  are 
not  caused  by  airborne  substances.  Cases  of  bacterial  asthma  do  not 
respond  to  treatment  with  filtered  air. 

Despite  these  limitations  air  conditioning  methods  possess  definite  ad- 
vantages in  the  simplicity  of  treatment,  convenience,  and  under  certain 
conditions  almost  immediate  relief.86  Pollen  cases  arc  usually  relieved  of 
most  of  their  symptoms  within  1  to  3  hr  after  exposure  to  properly  filtered 
air.  A  pollen-free  atmosphere  is  especially  valuable  when  desonsitization 
has  given  little  or  no  relief,  and  when  desensitimtion  is  not  advisable  owing 
to  intercurrent  illness. 

OXYGEN  THERAPY 

Oxygen  therapy  is  used  to  prevent  or  relieve  anoxia.  Some  of  the  more 
important  clinical  conditions  in  which  oxygen  treatment  Is  beneficial  in- 
clude pneumonia,  severe  anemia,  cardiac  decompensation,  pulmonary 
atelectasis,  asphyxia  and  asthma.  The  effectiveness  of  oxygen  therapy  is 
dependent  on  the  concentration  of  the  oxygen  ID,  the  inspired  air  or  the 
partial  pressure  of  oxygen  in  the  pulmonary  alveoli* 

Oxygen  is  usually  administered  by  nasal  catheter,  face  mask  or  tent.17 
The  necessity  of  air  conditioning  in  oxygen  therapy  arises  from  the  fact 
that  oxygen,  is  too  expensive  a  gas  to  waste  in  the  ventilation  of  oxygen 
tents  and  oxygen  chambers.  Air  conditioning  is  applied  to  the  oxygen 
tent  or  chamber  through  reconditioning  of  the  atmosphere  In  a  dosed 
circuit.  Excessive  heat,  moisture  and  carbon  dioxide  are  removed* 

Oxygen  Tents 

In  oxygen  tents,  the  air  enriched  with  oxygen  is  usually  circulated  by 
means  of  a  small  motor  blower  which  sends  the  air  over  soda  lime  to  remove 
carbon  dioxide,  and  then  over  ice  to  remove  excess  heat  and  moisture. 
The  concentration  of  oxygen  in  the  tent  is  regulated  by  means  of  a  pressure 
reducing  valve  and  flow  meter.  In  an  inadequately  cooled  tent,  high  tem- 
peratures and  humidities  are  inevitable,  increasing  the  discomfort  of  the 
patient  and  imposing  an  added  strain  on  an  already  overburdened  heart, 
Oxygen  therapy  under  such  conditions  may  do  more  ham  than  good.  An 
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ice  melting  rate  of  approximately  10  Ib  per  hour  gives  satisfactory  results  in 
patients  with  fever  in  a  medium  size  oxygen  tent. 

Oxygen  tents  are  confining  to  the  patient.  They  may  terrify  the  restless 
and  delirious  patient.  Medical  and  nursing  care  is  complicated,  as  the 
tent  must  be  opened  or  removed  with  attendant  loss  of  oxygen.  Oxygen 
concentrations  of  50  per  cent  or  more  are  difficult  to  maintain,  and  it  is  a 
problem  to  keep  the  temperature  and  humidity  low  enough  in  hot  weather. 
However,  with  attention  to  details,  the  patient  can  be  made  quite  com- 
fortable. ^  In  fact,  during  hot,  humid  weather  an  oxygen  tent  may  be  very 
valuable  in  controlling  a  patient's  temperature,  since  the  upper  part  of  the 
body  within  the  cooled  tent  loses  heat  rapidly. 

Oxygen  Chambers 

The  conventional  oxygen  chamber  is  an  air-tight  sheet  metal  enclosure 
of  fire-proof  construction,  large  enough  to  accommodate  one  or  two  patients. 
Trap  doors  or  curtains  are  provided  for  the  personnel,  food  and  service, 
to  avoid  loss  of  oxygen.  Glass  windows  in  the  ceiling  and  walls  admit 
light  from  outside  the  chamber.  The  air  conditioning  system  may  be  of 
the  gravity  type,  or  of  the  fan  type  using  mechanical  refrigeration  or  air 
drying  agents. 

The  temperature  and  humidity  requirement  in  oxygen  therapy  depends 
primarily  upon  the  physical  condition  of  the  patient,  and  secondarily  upon 
the  type  of  disease.  In  pneumonias38  prescribed  conditions  should  be  a 
temperature  of  60  to  75  F,  humidity  20-50  per  cent,  moderate  air  move- 
ment, oxygen  concentration  of  50  per  cent,  and  carbon  dioxide  of  less  than 
one  per  cent. 

Oxygen  in  Aviation 

An  important  application  of  the  principle  of  oxygen  therapy  is  in  aviation. 
At  the  present  time  all  high  altitude  military  airplanes  in  this  country  are 
provided  with  gaseous  oxygen  equipment,  and  military  personnel  are  re- 
quired to  utilise  oxygen  at  all  times  while  in  flight  above  15,000  ft,  or  be- 
tween 12,000  to  15,000  ft  for  longer  than  two  hours,  or  between  10,000 
to  12,000  ft  for  longer  than  six  hours.  The  use  of  oxygen  in  commercial 
aviation  will  depend  on  the  height  and  duration  of  the  flights,  as  well  as  the 
state  of  health  of  the  passengers.  The  necessity  for  portable,  comfortable 
equipment,  the  possible  fire  hazards  due  to  smoking,  and  the  use  of  oxygen 
on  sleeper  planes  are  some  of  the  difficulties  facing  civil  airline  operators. 
The  pressure  cabin  airplane  is  a  solution  to  the  problem. 

GENERAL  HOSPITAL  AIR  CONDITIONING 

Complete  conditioning  of  a  large  hospital  involves  a  capital  investment 
and  running  expenses  which  may  not  be  justified.  In  clean  and  quiet 
districts,  the  requirements  of  almost  all  general  and  private  wards  during 
the  cool  season  of  the  year  can  be  satisfactorily  fulfilled  by  the  use  of  con- 
ventional heating  equipment,  in  conjunction  with  window  air  supply  and 
gravity  or  mechanical  exhaust.  Insulation  against  heat  and  sound  is  much 
more  important  than  humidification  in  winter;  it  will  also  help  in  keeping 
the  building  cool  in  warm  weather.  Excessive  outside  noise  and  dust  may 
require  the  use  of  silencers  and  air  filters  in  the  openings. 

Cooling  and  dehumidification  in  warm  weather  are  important.  In  new 
hospitals  particularly,  the  desirability  of  cooling  certain^  sections  of  the 
buildiEg  should  be  given  serious  consideration.  Financial  reasons  may 
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preclude  the  cooling  of  the  entire  building,  but  the  needs  of  the  average 
hospital  can  be  met  by  the  use  of  built-in  room  coolers  and  a  few  portable 
units  which  can  be  wheeled  from  ward  to  ward  when  needed. 

In  the  North  and  certain  sections  of  the  Pacific  Coast,  cooling  is  needed 
but  a  few  days  during  summer,  while  in  the  South,  it  can  be  used  to  ad- 
vantage from  May  to  October,  and  in  tropical  climates  almost  continuously 
throughout  the  year, 

F.  L.  Grocott  of  the  Anglo-Iranian  Oil  Co.  states  that  in  Iran,  the  medical 
staff  after  10  years'  experience  with  air  conditioning,  demand  a  uniform 
environment  of  75  F  and  50  per  cent  relative  humidity  (70  ET)  under  all 
summer  outside  conditions  for  general  wards  and  treatment  rooms,  and  70 
F  with  30  to  50  per  cent  relative  humidity  (65-66  ET)  for  winter  conditions. 
In  the  operating  rooms,  70  F  with  50  per  cent  relative  humidity  (G6  ET)  is 
demanded  all  the  year  'round,  although  the  annual  external  range  is  40  F  to 
120  F.  No  ill  effects  have  been  noted  in  the  medical  personnel,  though  they 
are  exposed  to  changes  from  external  to  internal  conditions  many  times 
daily.  Temperature  shock  in  either  direction  seems  to  create  discomfort 
for  a  short  interval,  but  if  the  individual  is  in  good  health,  no  injury  re- 
sults.89 

Aside  from  comfort  and  recuperative  power  of  the  patients,  cooling  is 
of  great  assistance  in  the  treatment  of  fevers  in  the  new-born  and  in  post- 
operative cases,  in  enteric  disorders,  fevers,  heat  stroke,  heart  failure, 
thyroid  crisis,  and  in  a  variety  of  other  ailments  which  often  accompany 
summer  heat  waves. 

Problem  of  Odors 

The  evacuation  of  battle  casualties  in  aircraft  and  their  subsequent 
hospitalization  have  stimulated  efforts  to  minimize  odors  arising  from  drain- 
ing wounds,  old  odorous  casts,  and  gangrenous  wounds,  l?or  aircraft, 
chemical  sprays  and  vapors,  perfumes,  oxidizing  gases  and  simple  exhaunt 
methods  are  unsatisfactory.  An  ideal  deodorant  would  purify  the  air  by 
means  of  odor  adsorption  so  that  subsequently  the  air  can  be  rocirculated. 
Based  upon  the  effectiveness  of  activated  carbon  commercially  and  in- 
dustrially to  adsorb  odors,  individual  adsorption  units  have  been  used 
successfully.  In  hospital  wards  the  question  of  superiority  of  adsorption 
methods  for  elimination  of  odors  over  other  methods  remains  to  be  an- 
swered. The  present  status  of  the  problem  is  that  the  conunercml  aspect 
is  highly  controversial.40 

REFERENCES 

1  Factors  in  the  Control  of  the  Spread  of  Acute  Respiratory  lafeetlons  with  Refer- 
ence to  Streptococeal  Illness  and  Acute  Rheumatic  Fever,  by  B.  M,  Wheeler  and  T»  IX 
Jones  (American  Journal  of  the  Medical  Sciences ,  209:58,  1045)* 

*Dust  Control,  Report  on  Suppressivo  Measures  for  the  Control  of  Bust,  to  tlia 
Standard  Methods  Committee  for  the  Examination  of  Germicides  ami  Antibacterial 
Agent$,  by  Clayton  G.  Loosli  (American  Journal  of  Public  fhallh,  Vol.  38,  p,  400* 
March,  1048). 

8  Laboratory  and  Field  Studies  of  Glycols  and  Floor-Oiling  In  tito  Control  of  Air- 
Borne  Bacteria,  by  A.  F.  Krueger,  et  al  (U.  8*  Naval  Medical  B«fle!iX42;!28Sf  1044). 

4  The  Lethal  Effect  of  Relative  Humidity  on  Air-Borne  Baetoria,  by  Edward  W. 
Bunklin  and  Theodore  T.  Puck  (Journal  of  Experimental  Medioim*  87:87-101*  Feb., 
1948). 

8  Quotation  by  William  Lester,  Jr.,  in  Health  on  the  Job,  No.  22.  February  1049, 
published  by  Institute  oflndmtrial  Medicine,  New  York  University,  New  York,  K.  Y, 


Air  Conditioning  in  Prevention  and  Treatment  of  Disease  151 

6  Bacterial  Content  of  Air  in, Army  Barracks,  by  H.  M.  Lemon,  H.  Wise  and  M. 
Hamburger  (War  Medicine,  6:92,  1944). 

7  A  Study  of  the  Nature  and  Control  of  Air-Borne  Infection  in  Army  Camps,  by 
0.  H.  Robertson,  M.  Hamburger,  0.  G.  Loosli,  T.  T.  Puck,  and  H.  M.  Lemon  (Jour- 
nal of  the  American  Medical  Association,  126:993,  1944). 

8  Lethal  Effects  of  Triethylene  Glycol  Vapor  on  Air-Borne  Bacteria  and  Influenza 
Virus,  by  O.  H.  Robertson,  et  al  (Science  97:142,  1943). 

9  The  Present  Status  of  Glycol  Vapors  in  Air  Sterilization,  by  M.  Hamburger,  Jr., 
0.  H.  Robertson,  and  T.  T.  Puck  (American  Journal  of  the  Medical  Sciences,  209:162, 
1945). 

10  Summary  of  a  3-Year  Study  of  the  Clinical  Applications  of  the  Disinfection  of 
Air  by  Glycol  Vapors,  by  T.  N.  Harris  and  J.  Stokes,  Jr.  (American  Journal  of  the 
Medical  Sciences,  209:152,  1945). 

11  Triethylene  Glycol  Vapor  Distribution  for  Air  Sterilization,  by  Edward  Bigg, 
B.  H.  Jennings,  andF.  C.  W.  Olson  (A.S,H.V.E.  TRANSACTIONS,  Vol.  53, 1947,  p.  393). 

12  Glycol  Vapors  for  Disinfecting  Purposes,  Editorial  (Journal  of  the  American 
Medical  Association,  133:696,  March  8,  1947). 

13  An  Experiment  with  Triethylene  Glycol  Vapor  for  the  Control  of  Colds  among 
Office  Employees,  by  W,  J.  McConnell  (Industrial  Medicine,  18:5, 192-196,  May,  1949). 

14  Ultra-Violet  Light  Control  of  Air-Borne  Infections  in  a  Naval  Training  Center, 
by  S.  M.  Wheeler,  H.  S.  Ingraham,  A.  Hollaender,  N.  D.  Lill,  J.  Gershon-Cohen, 
and  E.  W.  Brown  (American  Journal  of  Public  Health,  Vol.  35,  p.  457, 1945). 

15  An  Evaluation  of  Ultraviolet  Radiation  of  Sleeping  Quarters  as  Supplement  of 
Accepted  Methods  of  Disease  Control,  by  H.  G.  DuBuy,  J.  E.  Dunn,  F.  S.  Brackett, 
W.  C.  Dreessen,  P.  A.  Nealand,  and  I.  Possner  (American  Journal  of  Hygiene,  48: 
207-226,  Sept.,  1948). 

16  Recent  Studies  on  Disinfection  of  Air  in  Military  Establishments  (American 
Journal  of  Public  Health,  Vol.  37,  p.  189,  Feb.  1947). 

17  The  Present  Status  of  the  Control  of  Airborne  Infections  (American  Journal  of 
Public  Health,  Vol.  37,  p.  13,  Jan.  1947). 

18  Commercial  Exploitation  of  Glycol  Vaporizers  (Editorial  in  American  Journal 
of  Public  Health,  Vol.  39,  No.  2,  February  1949,  p.  222). 

19  A  Comparative  Study  of  the  Effect  on  Men  of  Continuous  Versus  Intermittent 
Exposure  to  a  Tropical  Environment,  by  N.  Pace,  M.  B.  Fisher,  J.  E.  Birren,  G.  C. 
Pitts,  W.  A.  White,  Jr.,  W.  V.  Consolazio,  and  L.  J.  Pecora  (Research  Project  X-205, 
Report  No.  2,  Naval  Medical  Research  Institute,  Bethesda,  Md.,  May,  1945). 

20  Mechanism  of  Heat  Retention,  by  F.  3L  Hick  and  M.  M.  Montgomery    (Un- 
published') . 

21  Environmental  and  Physiologic  Studies  Aboard  an  Air-Cooled  Hospital  Ship 
En  Route  from  Norfolk,  Virginia  to  Canal  Zone  (U.  S.  S.  TEANQUILITY  (AH-14),  fr-13 
June  1945),  by  A.  R.  Behnko  (Research  Project  X-205,  Report  No.  4,  Naval  Medical 
Research  Institute,  Bethesda,  Md.,  September,  1945). 

23  Investigation  Into  the  Effect  of  Hot,  Dry  Microclimate  on  Peripheral  Circula- 
tion in  Arthritic  Patients,  by  Gunner  EJdstrom,  G.  Lundin  and  T.  Wramer  (Annals 
of  Rheumatic  Diseases,  7 :76~82,  June,  1948). 

23  Fundamentals  of  Anesthesia  (American  Medical  Association  Press,  Chicago, 
I1L,  2nd  Edition,  1944,  p.  204). 

24  The  Hazard  of  Fire  and  Explosion  in  Anesthesia,  by  B.  A.  Green  (Anesthesiology 
2:144,  1941). 

25  Control  of  Physical  Hazards  of  Anesthesia,  by  R,  M.  Tobell  and  A.  W.  Friend 
(Canadian  Medical  Association  Journal,  46:560, 1942). 

28  A.S.H.V.E.  RBSBABCH  RBPOBT  No.  1111— Air  Conditioning  Requirements  of  an 
Operating  Boom  and  Recovery  Ward,  by  F.  C.  Houghten  and  W.  Leigh  Cook,  Jr. 
(A.S.H.V.B.  TRANSACTIONS,  Vol.  45,  1039,  p.  161). 

27  Unpublished  Naval  Studies,  by  A,  E.  Behnke  and  0.  Schneider  (1940). 

**  Disinfection  of  Air  by  Air  Conditioning  Processes,  by  C.  P.  Yaglou  and  Ursula 
Wilson  (American  Association  for  the  Advancement  of  Science,  Publication  No.  17,  p. 
129), 

38  The  Control  of  Cross-Contamination  by  the  Use  of  Mechanical  Barriers,  by 
J,  A.  Eeyniers  (Aerobiology,  American  Association  for  the  Advancement  of  Science, 
Symposium,  17:254, 1942). 

*°  The  Premature  Infant:  A  Study  of  the  Effect  of  Atmospheric  Conditions  on 


152  CHAPTER  7  '  1950  Guide 

Growth  and  on  Development,  by  K  D.  Blackfan,  C.  P.  Yaglou  and  K.  McKenzie 
(American  Journal  Diseases  of  Children,  46:1175,  1933). 

**  Observations  on  the  Control  of  Respiratory  Contagion  in  the  Cradle,  by  I. 
Rosenstern  (Aerobiology,  American  Association  for  the  Advancement  of  Science,  Sym- 
posium, 17:242,  1942). 

82  Physical  Medicine,  by  F.  H.  Krusen  (W.  B.  Saunders  Co.,  Philadelphia  and 
London,  1941). 

33  A.S.H.V.E.  RESEARCH  REPORT  No,  1054— -Fever  Therapy  Induced  by  Condi- 
tioned Air,  by  F.  C.  Houghten,  M.  B.  Ferderber,  and  Carl  Gutberlet  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  43,  1937,  p.  131).  A.S.H.V.E.  RESEARCH  REPORT  Mo.  1161— 
Fever  Therapy  Locally  Induced  by  Conditioned  Air,  by  M.  B.  Ferderber,  F.  C. 
Houghten  and  Carl  Gutberlet  (A.S.H.V.E.  TRANSACTIONS,  Vol.  46,  1940,  p.  307). 

84  Refrigeration  for  Anesthesia  and  Therapy,  by  L.  W,  Grossman  and  S.  K.  Safford 
(The  Modern  Hospital,  64:86,  1945). 

85  The  Effect  of  Low  Relative  Humidity  and  Constant  Temperature  on  Pollen 
Asthma,  by  B.  #.  Rappaport,  T.  Nelson,  and  W.  H.  Welker  (Journal  of  Allergy 
6:111,  1935). 

*8  Hospital  Air  Conditioning,  by  C.  P.  Yaglou  (The  Environment  and  Its  Effect 
Upon  Man,  Harvard  School  of  Public  Health,  p.  244,  1939). 

37  Principles  and  Practices  of  Inhalational  Therapy,  by  A.  L.  Baraeh  (J,  B.  Lip- 
pincott  Co.,  Philadelphia,  London,  Montreal,  1944). 

38  The  Management  of  Pneumonia,  by  J.  G.  M.  Bullowa  (Oxford  University  Press, 
p.  260, 1937). 

89  What  Are  the  Right  Conditions  for  Comfort  Cooling,  by  Cyril  Tasker  (Heat- 
ing, Piping,  and  Air  Conditioning,  Aug.,  1948,  p.  84). 

40  Odors  Physiology  and  Control,  by  C.  P.  McCord  and  Wnx  B*  Witheridae 
(McGraw-Hill  Book  Co.,  New  York,  1949), 

BIBLIOGRAPHY 

Studies  in  Air  Hygiene,  by  R.  B.  Bourdillpn,  0*  M.  Lidwell  and  J.  E.  Lovelock 
with  W.  C.  Cawston,  L.  Colebrook,  F.  P.  Ellis,  M.  Vanden  Eucle,  K.  K  Glover,  A. 
M,  Macfarlan,  A.  A.  Miles,  W.  F.  Raymond,  E.  Schuster  and  J.  C.  Thomas  (Medical 
Research  Council  of  Great  Britain,  1948.  Special  Report  Series  No,  M%2)* 

Ultraviolet  Irradiation  with  Artificial  Illumination,  by  Hans  E.  iionge,  Uppsala, 
Sweden,  1948,  191  pages. 

L'Hygiene  du  Batiment  per  L'Ultra-violet,  by  P.  A.  Burrueand,  Centre  Scientific 
et  Technique  du  Batinent,  Paris,  1949. 

Acceptance  of  Ultraviolet  Lamps  for  Disinfecting  Purposes,  Council  of  Physical 
Therapy  (Journal  American  Medical  Association,  122:503-504,  194JJ). 

Evaluation  of  Methods  to  Control  Airborne  Infection,  by  J*  K  Perkins  (Atrwrican 
Journal  Public  Health,  35:891-897, 1945). 

The  Present  Status  of  the  Control  of  Airborne  Infections,  by  Committee  on 
Evaluation  of  Methods  to  Control  Airborne  Infections  of  the  American  Public  Health 
Association  (Journal  American  Public  Health  Association,  37:13-22, 11)47  j, 

Progress  in  the  Control  of  Airborne  Infections,  by  Sub-Committee  on  Air  Hitinla- 
tion  of  the  American  Public  Health  Association,  read  at  Annual  Meeting,  111411,  T« 
be  published. 


CHAPTER  8 
AIR  CONTAMINANTS 

Classification  of  Air  Contaminants;  Sizes  of  Airborne  Particles;  Air  Pollution  by 

Smoke,  Ash  and  Cinders;  Smoke  Abatement  and  Air  Pollution  Control;  Odor 

Nuisance;  Maximum  Allowable  Concentrations  of  Industrial  Air 

Contaminants;  Flammable  Gases  and  Vapors;  Combustible  Dusts; 

Atmospheric  Pollen;  Airborne  Bacteria 

THE  normal  constituents  of  the  earth's  atmosphere  are  oxygen,  nitro- 
gen, carbon  dioxide,  water  vapor,  argon,  small  or  negligible  amounts 
of  other  inert  gases,  hydrogen,  variable  traces  of  ozone,  and  small  quanti- 
ties of  microscopic  and  submicroscopic  solid  matter,  sometimes  called 
permanent  atmospheric  impurities.  From  the  viewpoint  of  the  air  condi- 
tioning engineer,  all  other  airborne  substances  may  be  termed  contaminants. 
This  term  is  applied  preferably,  however,  to  undesirable  or  chance  im- 
purities, since  the  occasion  may  arise  for  adding  to  the  air  controlled 
amounts  of  solid  or  gaseous  diluents  for  the  prevention  of  explosions; 
germicidal  vapors  or  mists  (aerosols)  for  bacteria  control;  masking  sub- 
stances for  odor  control;  or  a  substitute  for  one  of  the  normal  gases,  as, 
for  example,  when  helium  is  used  to  replace  nitrogen  in  atmospheres  for 
compressed  air  workers  or  divers. 

Control  of  the  chemical  quality  of  air  is  one  of  the  functions  of  complete 
air  conditioning,  and  some  knowledge  of  the  composition,  concentration 
and  properties  of  air  contaminants  under  various  circumstances  is  therefore 
essential. 

Air  contaminants  arise  from  the  normal  processes  of  wear,  erosion, 
windstorm,  sea-spray  evaporation,  thermal  disintegration,  earthquake, 
volcanic  eruption,  combustion,  manufacturing,  transportation,  agricul- 
ture, and  the  biochemical  or  biological  processes  of  life.  They  are  classi- 
fied at  various  times  as  organic  and  inorganic,  visible  or  invisible,  micro- 
scopic or  macroscopic,  particulate  or  gaseous,  toxic  or  harmless,  beneficial 
or  destructive.  The  following  classification  is  based  chiefly  upon  the 
origin  or  method  of  formation  of  air  contaminants. 

CLASSIFICATION  OF  AIR  CONTAMINANTS 
Dusts,  Fumes,  and  Smokes  are  solid  particulate  air  contaminants, 

Dusts  are  solid  particles  projected  into  the  air  by  natural  forces,  such  as  wind* 
volcanic  eruption  or  earthquake,  and  by  mechanical  processes,  such  as  crushing, 
grinding,  milling,  drilling,  demolition,  shovelling,  conveying,  screening,  bagging  and 
sweeping.  Some  of  these  forces  produce  dust  from  larger  masses,  while  others  simply 
disperse  materials  that  are  already  pulverized.  Generally,  particles  are  not  called 
dwt  unless  they  are  smaller  than  about  100  microns.  Dusts  may  be  of  mineral  type, 
such  as  rock,  ore,  metal,  sand;  vegetable,  such  as  grain,  flour,  wood,  cotton,  pollen;  or 
animal,  such  as  wool,  hair,  silk,  feathers,  leather. 

Fumes  are  solid  particles  commonly  formed  by  the  condensation  of  vapors  from 
normally  solid  materials  such  as  molten  metals.  Metallic  fumes  generally  occur  as 
the  oxides  in  air  because  of  the  highly  reactive^  nature  of  finely  divided  matter. 
Fumes  may  also  be  formed  by  subhmatipix,  distillation,  calcination,  or  chemical 
reaction,  whenever  such  processes  create  airborne  particles  predominately  below  the 
1  micron  size.  Fumes  permitted  to  age  tend  to  flocculate  into  clumps  or  aggregates 
of  larger  size,  thereby  facilitating  removal  from  air, 

Smokes  are  the  extremely  small  solid  particles  produced  by  incomplete  combustion 
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of  organic  substances  sucli  as  tobacco,  wood,  coal,  oil,  tar  and  other  carbonaceous 
materials.  The  term  smoke  is  commonly  applied  to  the  mixture  of  solid,  liquid  and 
gaseous  products  of  combustion,  although  the  technical  literature  prefers  to  distin- 
guish between  such  components  as  soot  or  carbon  particles,  fly-ash,  cinders  ^  tarry 
matter,  unburned  gases,  and  gaseous  combustion  products.  The  finest  particulat© 
constituents  are  much  less  than  1  micron  in  size,  often  in  the  range  of  0.1  to  0.3  mi- 
cron. 

Mists  and  Fogs  are  liquid  participate  air  contaminants. 

Mists  are  very  small  airborne  droplets  of  materials  that  are  ordinarily  liquid  at 
normal  temperatures  and  pressures.  They  may  be  formed  by  atomizing,  spraying, 
splashing,  mixing,  violent  chemical  reaction,  electrolytic  evolution  of  gas  from  a 
liquid,  or  escape  of  a  dissolved  gas  upon  release  of  pressure.  Very  small  droplets 
expelled  or  atomized  into  the  air  by  sneezing  constitute  mists  containing  microorgan- 
isms that  become  air  contaminants. 

Fogs  are  limited  by  some  classifications  to  airborne  droplets  formed  by  condensa- 
tion from  the  vapor  state.  This  arbitrary  distinction  between  mist  and  fog  is  of 
minor  importance,  as  both  terms  are  used  to  indicate  the  particulate  state  of  airborne 
liquids  (occasionally  termed  aerosols).  Fog  nozzles  are  so  named  because  of  their 
ability  to  produce  extra  fine  droplets  as  compared  to  the  mist  from  ordinary  spray 
devices.  The  highly  volatile  nature  of  some  liquids  quickly  reduces  their  airborne 
droplets  from  the  mist  to  the  fog  range,  and  eventually  to  the  vapor  phase  until  the 
air  becomes  saturated  with  that  liquid.  Many  droplets  in  fogs  or  clouds  ^are  micro- 
scopic and  submicroscopic  in  size,  and  may  be  conceived  as  the  transition  state 
between  the  larger  mists  and  the  vapors, 

Vapors  and  Gases  are  non-particulate  air  contaminants. 

Vapors  are  the  gaseous  phase  of  substances  that  are  either  liquid  or  solid  in  their 
commonly  known  state,  examples  being  gasoline,  kerosene,  benzene,  carbon  tetra- 
chloride,  mercury,  iodine,  camphor.  Vapors  may  be  changed  to  the  solid  or  liquid 
form  by  increasing  the  pressure,  decreasing  the  temperature  or  applying  both  proc- 
esses simultaneously.  They  are  removed  from  the  air  by  condensation  with  less 
difficulty  than  are  the  gases. 

Gases  are  normally  formless  fluids  which  tend  to  occupy  a  space  or  enclosure  com- 
pletely and  uniformly  at  ordinary  temperatures  and  pressures.  The  following  sub- 
stances qualify  as  gases:  oxygen,  nitrogen,  carbon  dioxide,  carbon  monoxide,  hydro- 
gen, ammonia,  sulfur  dioxide.  Gases,  likewise,  may  be  solidified  or  liquefied  by  the 
proper  control  of  temperature  and  pressure. 

The  preceding  classification  is  not  suitable  for  the  airborne  living  or- 
ganisms, which  range  in  stee  from  the  submicroscopic  viruses  to  the  largest 
pollen  grains,  not  considering  the  smallest  insect  life.  Bacteria  range  from 
about  0.2  to  5  microns  in  size,  fungus  spores  from  1  to  10  microns,  and  pollen 
from  5  to  150  microns. 

SIZES  OF  AIRBORNE  PARTICLES 

Fig.  1  is  a  graphic  tabulation  of  the  properties  of  airborne  solids  and 
liquids  arranged  according  to  siase  on  the  micron  scale.  There  are  25,400 
microns  in  1  inch. 

Particles  larger  than  10  microns  are  unlikely  to  remain  suspended  in 
air  currents  of  moderate  strength,  but  settle  out  by  gravity  at 

dependent  upon  the  shape,  siare  and  specific  gravity  of  the  particle*  wiad 
velocity,  orientation  of  the  collecting  surface,  and  topography*  These 
larger  particles  are  of  major  interest  to  the  engineer  in  the  solution  of  nui- 
sance problems,  but  it  is  usually  the  smaller  particles,  or  below  10 
microns,  that  ^  remain  in  the  air  long  enough  to  be  of  hygienic  as  wall  as 
economic  significance, 

Industrial  dust  particles  are  predominantly  of  the  order  of  1  micron 
in  size.  Tremendous  numbers  are  also  present  in  the  submicroficopio 
range  below  0.5  micron,  but  those1  below  0*1  micron  are  not  believed  at 
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present  to  be  of  practical  importance,  possibly  due  to  their  exceedingly 
small  mass  ^ in  comparison  with  the  balance  of  airborne  matter.  In  fact, 
particles  this  small  may  become  the  permanent  atmospheric  impurities  that 
have  little,  if  any,  opportunity  of  settling  because  of  the  continual  motion 
imparted  to  them  by  air  currents  and  the  molecular  activity  of  gases 
(Brownian  Movement), 
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The  survey1  of  atmospheric  pollution  In  14  American  cities  conducted 
from  1931  to  1933  indicated  the  average  size  of  outdoor  dust  particles 
to  be  0.5  micron,  as  collected  by  the  Owens  jet  dust  counter  and  measured 
under  the  microscope*  Inability  of  the  light  field  microscope  to  reveal 
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particles  in  the  0.1  micron  vicinity  may  have  influenced  the  determination 
of  average  particle  size. 

The  lower  limit  of  particle  size  visible  to  the  naked  eye  cannot  be  stated 
definitely.  It  depends  not  only  upon  the  individual  eye,  but  also  upon  the 
shape  and  color  of  the  particle,  intensity  and  quality  of  the  light,  and  na- 
ture of  the  background  or  opportunity  for  contrast.  Under  ideal  condi- 
tions a  particle  of  10-micron  size  might  be  recognized,  while  under  less 
favorable  conditions  it  may  be  impossible  to  distinguish  a  particle  smaller 
than  50  microns.  The  lower  limit  of  visibility  probably  ranges  from  10  to 
50  microns. 

Dusts,  powders  and  granular  materials  are  frequently  classified  by 
reference  to  the  size  of  screens  used  for  separation.  Particles  above  40 
microns  are  said  to  be  the  screen  sizes  and  those  below,  the  sub-screen  or 
microscopic  sizes.  Approximate  or  theoretical  sizes  of  particles  correspond- 
ing to  the  mesh  scale  of  the  U.  S.  Standard  Sieve  Series  are  given  in  Table  L 

Microscopic  examination  of  screened  dust  indicates  that  the  average 
diameter  of  a  sample  of  irregular  particles  may  be  substantially  larger 


TABLE  L    RELATION  OF  SCREEN  MESH  TO  PAKTICMS  SIMS 


U.  S.  Standard  Sieve  Mesh,  .  . 

400 

325 

200 

140 

100 

60 

35    |    18 

Nominal   Sieve   Opening   in 
Microns  

37 

44 

74 

105 

149 

250 

500   !  1000 

than  the  openings  of  the  screen  through  which  it  has  passed,  if  the  particle 
shapes  deviate  considerably  from  the  spherical  form.2  The  smallest 
dimension  of  many  such  particles  will  correspond  with  the  maximum  per- 
missible distance  between  the  wires  of  commercial  screens  made  to  ASTM 
Standard  Specifications.  Screening  does  not  give  sharp  separation  into 
size  groups,  and  accordingly,  such  a  classification  is  statistical  rather  than 
absolute. 


AIR  POLLUTION  BY  SMOKE,  ASH  AND  CINDERS 

Total  airborne  solids  settling  in  urban  areas  are  usually  reported  as  mot 
fall  in  tons  per  (square  mile)  (month).  Such  data  published  for  the  cities 
in  this  country  range  from  20  to  200  tons  per  (square  mile)  (month).  To 
the  air  conditioning  engineer  this  information  may  indicate  the  effective- 
ness of  smoke  abatement  or  fuel  combustion  control  method**  In  km  local- 
ity, but  it  does  not  provide  a  suitable  index  of  the  suspended  duet  that  air 
cleaners  in  a  ventilating  system  are  expected  to  capture*1*4^  Gravi- 
metric or  weight  data  of  the  type  given  in  Table  2  are  preferable.  In 
some  cases  airborne  particle  counts  may  be  necessary,  as  for  pollen,  bac- 
teria, spores,  and  insoluble  dusts  causing  illness  or  lung  disease. 

Dust  concentrations  by  weight  cannot  be  converted  readily  to  concen- 
trations by  particle  count  because  of  the  variability  of  particle? 
and  specific  gravity,  and  the  inherent  characteristics  of  dust  counting  and 
weighing  procedures.  One  milligram  of  dust  per  cubic  meter  of  air  may 
represent  dust  counts  from  1  million  to  100  million  particles  per  cubic  foot 
of  air  (lightfield  microscope  technie)  according  to  the  size  distribution  of 
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the  airborne  dust  sample.  Information  of  this  type  for  a  specified  applica- 
tion is  best  obtained  by  simultaneous  sampling  for  both  counting  and 
weighing  and  noting  carefully  at  the  time  all  factors  that  might  affect  the 
reproducibility  of  the  count-weight  ratio. 

Smoke  Abatement  and  Air  Pollution  Control 

Successful  abatement  of  atmospheric  pollution  caused  by  smoke  requires 
the  combined  efforts  of  the  combustion  engineer,  industrial  executive, 
public  health  officer,  city  planning  commission  and  the  community  at 
large.  Electrification  of  industry  and  railroads,  increase  in  the  use  of 
domestic  oil  and  gas  furnaces,  and  segregation  of  industrial  districts  are 
gradually  providing  effective  aid  in  the  solution  of  this  problem.  In  the 
large  cities  where  nuisance  from  smoke,  fly-ash  and  cinders  is  more  serious, 
limited  areas  obtain  some  relief  by  the  use  of  district  heating,  (See  Chap- 
ters 13,  14  and  15  for  further  discussion  on  fuel  burning  technic.) 


TABLES  2,    DUST  CONCENTRATION  RANGES 


LOCATION 

CHAINS  PER  1000 
CuFi» 

MILLIGRAMS  PER 
CUBIC  METEB. 

Rural  and  suburban  districts  •          ... 

0.02-0.2 

0.05-  0.5 

Metropolitan  district  

0.04-0.4 

0.1  -  1.0 

Industrial  districts  

0.1  -2.0 

0.2  -  5.0 

Ordinary  factories  or  workrooms  

0.2  -4.0 

0.5  -10 

Excessively  dusty  factories  or  mines  

4-400 

10-1000 

Minimum  explosive  concentrations  

4000-200,000 

10,000-500,000 

*  1  grain  per  1000  cu  ft  -*  2.3  milligrams  per  cubic  meter. 

1  oz  per  cubic  foot »»  1  gram  per  liter  «•  1000  grams  per  cubic  meter, 


Many  present  ordinances  limit  the  number  of  minutes  in  any  one  hour 
that  smoke  of  a  specified  density  (determined  by  comparison  with  a  Ringel- 
mann  Chart  which  is  described  in  Chapter  49)  may  be  discharged. 

There  is  now  considerable  interest  and  activity  in  the  control  of  air  pol- 
lution factors  in  addition  to  smoke.  Difficulty  in  the  establishment  of 
acceptable  criteria  for  certain  corrosive  and  irritant  gases,  such  as  fluorides 
and  the  oxides  of  sulphur  and  nitrogen  discharged  with  the  gases  of  com- 
bustion, and  the  frequently  complicated  technical  and  economic  problems 
encountered  in  control,  have  delayed  the  drafting  and  enforcement  of 
legislative  measures.  Recent  reports  of  an  increased  incidence  of  diseases, 
such  as  pneumonia  and  lung  cancer,  in  areas  high  in  certain  air  contami- 
nants require  further  critical  investigation  before  acceptance.  The  values 
finally  adopted  will  undoubtedly  be  lower  than  the  M.A.C.  (Maximum 
Allowable  Concentration)  limits  for  use  in  industry  because  the  exposure 
is  continuous  compared  with  the  8-hour  day,  5  or  6-day  week  upon  which 
M.A.C*  values  are  based,  and  because  the  exposed  population  contains 
individuals  with  greater  variation  in  age  and  health  status. 

In  foggy  weather,  or  with  an  inversion  of  atmospheric  conditions,  accumu- 
lation of  gaseous  contaminants  may  cause  irritation  of  eyes,  nose,  and 
respiratory  passages,  and  possibly  cause  even  more  serious  physiological 
effects.  The  Meuse  Valley  fog  disaster  (Belgium  1930)  and  the  Donora 
smog  (Pennsylvania  1948)  are  classic  examples  in  the  history  of  gaseous 
air  pollution.  In  both  instances  it  is  believed  that  irritant  gases,  princi- 
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pally  from  industrial  plants,  accumulating  during  periods  of  exceptionally 
prolonged  meteorological  inversion  and  fog,  contributed  to  the  illness  of 
many  persons,  and  to  the  death  of  some  who  were  especially  susceptible. 

Absorption  of  Solar  Radiation 

Absorption  of  solar  ultraviolet  light  by  smoke  and  soot  is  recognized  as 
a  health  problem  in  many  industrial  cities.  Measurements  of  solar  radia- 
tion in  Baltimore6  by  actinic  methods  demonstrated  that  ultraviolet  light 
intensity  in  the  country  was  50  per  cent  greater  than  in  the  city.  In  New 
York  City7  a  loss  as  great  as  50  per  cent  in  visible  light  was  found  by  photo- 
electric measurements. 

ODOR  NUISANCE 

A  problem  companionate  with  smoke  abatement  is  the  control  of  odor 
nuisance  in  the  neighborhood  of  industrial  plants  discharging  noxious  or 
offensive  air  contaminants.  Community  planning  and  zoning  \\ill  avoid 
much  of  the  difficulty  in  the  future,  but  meanwhile  many  industrial  cities 
must  resort  to  corrective  measures  by  requiring  installation  of  air  cleaning 
devices,  alteration  of  manufacturing  processes,  or  termination  of  the  of- 
fensive operation  in  residential  or  commercial  districts* 

Control  of  outdoor  odor  nuisance  is  especially  troublesome  because  of 
the  extremely  minute  quantities  of  contaminant  that  are  capable  of  offend- 
ing  through  a  wide  area.  New  industrial  chemicals  with  strange  or  un- 
familiar odors  tend  to  receive  more  attention  from  the  neighborhood  than 
the  customary  odors  generated  by  well  known  processes  and  raw  materials. 
Methods  of  odor  control  currently  in  use  include  charcoal  adsorption, 
scrubbing  towers  and  air  washers,  ohlorination,  condensation,  masking, 
passage  of  the  odorous  air  through  combustion  chanibcnj,  dispersion 
through  a  tall  stack,  and  best  of  all,  substitution  of  less  offensive  materials 
whenever  possible.8' 9>  10'  u 

Control  of  air  quality  within  buildings  ventilated  for  human  occupancy 
is  discussed  in  Chapter  6.  Tobacco  smoke  odors,  cooking  odors  and 
body  odors  are  air  contaminants  of  the  nuisance  type  which  now  command 
a  decisive  position  in  the  standards  of  air  quality  for  indoor  comfort* 
However,  the  engineer  will  find,  at  times,  that  odors  originating  outside 
buildings  in  industrial  or  business  districts  may  determine  the  kind  and 
capacity  of  equipment  he  must  provide  for  a  high  quality  air  supply  instal- 
lation. 


INDUSTRIAL  AIR  CONTAMOTAFTS 

Many  industrial  processes  are  sources  of  contaminants.  Their  control 
is  an  important  function  of  the  ventilating  or  air  conditioning  engineer, 
because  the  atmosphere  within  buildings  is  the  medium  whereby  such 

finely  divided  matter  is  dispersed  and  transported  from  the  source  to 
remote  locations  where  it  may  cause  property  damage,  nuisaacc,  fire,  ex- 
plosion, disease  and  even  death. 

Tables  3,  4  and  5  give  the  maximum  allowable  concentration  values  for 
many  industrial  air  contaminants  as  adopted  by  the  Sectional  Committee 
Z37  on  Allowable  Concentrations  of  Toxic  Dusts  and  of  the 

ican  Standards  Association,  and  as  reported  by  the  Committee  oa  Threshold 
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Limits  and  accepted  by  the  American  Conference  of  Governmental  Indus- 
trial Hygienists  at  its  1949  meeting. 

It  must  be  emphasized  that  these  limits  in  the  great  majority  of  in- 
stances are  only  suggested  maximum  working  levels  since  they  are  estimates, 
based  in  many  cases  upon  incomplete  environmental  and  medical  studies, 
Where  there  is  agreement  between  the  ASA  Standard  Z37  and  A.C.Q.I.H. 
values,  reliability  of  the  ASA  Standard  is  increased.  The  values  are  not 
fixed,  but  are  subject  to  revision,  upward  or  downward,  with  the  develop- 
ment of  new  information.  There  is  by  no  means  complete  agreement 
regarding  these  values  among  responsible  industrial  hygienists. 

In  applying  these  guide  limits,  the  following  factors  must  be  considered: 

1.  The  duration  of  exposure  is  8  hr  a  day  for  5  or  6  days  a  week, 

2.  The  measurements  are  indicative  of  the  concentration  ia  the  breathing  zone 
of  the  exposed  person. 

3.  The  M.A.C.  is  usually  accepted  as  the  average  exposure  value  when  the  upper 
limits  do  not  greatly  exceed  the  M.A.C,  value.    For  example,  it  cannot  be  assumed 
that  if  100  ppm  is  considered  safe  for  8-hour  exposure,  that  800  ppm  for  one  hour 
will  be  permissible. 

4.  Two  substances  with  similar  M.A.C.  values  may  be  quite  different  as  to  phys- 
iological effects  at  other  concentrations.    In  one  instance  the  selection  of  a  limit 
may  be  predicated  upon  a  discomfort  factor,  with  a  wide  margin  of  safety  before 
systemic  effects  would  be  encountered,  while  in  another  case  the  value  represents 
an  appreciable  fraction  of  the  concentration  which  may  be  associated  with  severe 
and  irreversible  injury. 

5.  These  values  are  upper  limits;  it  is  desirable  to  operate  well  below  the  levels 
if  the  engineering  and  economic  factors  permit.    The  prudent  engineer  will  incor- 
porate a  reasonable  margin  of  safety  in  his  estimates  of  ventilation  capacity. 

In  Table  3,  Column  1  lists  the  ASA  Sectional  Committee  Z37  M.A.C, 
values;  Column  2,  those  of  the  A.C.G.I.H.  Committee  on  Threshold 
Limits.  Column  3  gives  the  value  in  grains  per  cubic  meter  or  ounces  per 
1000  cu  ft  for  the  corresponding  A.C.G.LH.  limits;  Column  4  shows  the 
fluid  ounces  of  chemical,  if  it  is  a  liquid  at  20  C  (68  F),  which,  if  equally 
dispersed  in  1000  cu  ft,  would  give  the  corresponding  M.A.C. 

In  Table  4,  Columns  1  and  2  are  respectively  the  M.A.C.  values  from 
the  ASA  and  A.C.GJ.IL  Committees. 

In  Table  5,  the  M.A.C.  values  for  a  number  of  industrial  dusts  as  given 
were  obtained  from  data  of  the  A.C.GJ.H.  Committee  on  Threshold 
Limits, 

Information  on  the  properties  and  effects,  with  respect  to  health,  of 
specific  industrial  air  contaminants  is  available  in  publications  listed  at  the 
end  of  this  chapter, 

FLAMMABLE  GASES  AND  VAPORS 

Adequate  ventilation  is  a  primary  requirement  for  minimizing  the  hazard 
of  fire  or  explosion  due  to  gases  and  vapors.  The  need  for  good  ventila- 
tion is  not  removed  by  the  use  of  other  precautions,  such  as  the  elimina- 
tion of  known  ignition  sources,  segregation  of  hazardous  operations,  adop- 
tion of  safe  building  construction,  and  installation  of  automatic  alarms. 
Some  safety  engineers  regard  over-ventilation  of  an  operation  employing 
flammable  liquids  as  a  legitimate  operating  charge  for  the  privilege  or 
necessity  of  using  a  dangerous  process.  However,  it  is  not  possible  to 
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TABLE  3.    MAXIMUM  ALLOWABLE  CONCENTRATION  OF  GASES  AND  VAPORS 


SUBSTANCE 


ASA  STAND- 
ABBS 

M.A.C. 


ppm 


THBSSSHOLD  LIMIT  VALUES  A.C.O.I.H.*  1949 


ppm 


Gm/cu  m 

or 
Oz/lOQO  on  ft 


Oz/1000  cu  ftb 


Acetaldehyde 

Acetic  acids 

Acetic  anhydride 

Acetone 

Acrolein 

Acrylonitrile 

Ammonia 

Amyl  acetate 

iso-Amyl  alcohol 

Aniline 

Arsine 

Benzene  (benzol) 100 

Bromine 

1,3-Butadiene 

n-Butanol 

2-Butanone 

n-Butyl  acetate 

Butyl  "oellosolve" 

Carbon  dioxide 

Carbon  disulfide 20 

Carbon  monoxide 100 

Carbon  tetraohloride 

"Celloaolve" 

"Cellosolve"  acetate 

Chlorine 

2-Chlorobutadiene 

Chloroform 

1-Chloro-l-nitropropane 

Cyclohexane 

Cyclohexanol 

Cyclohexanone 

Cyclohexene 

Cyclopropane  (propene) , 

o-Dichlorobenzene 

Diohlorodifluoromethane 

1,1-Diohloroethane 

1,2-Diohloroethane  (ethylene  dichloride) 

1 , 2-Dichloroethylene 

Dichloroethyl  ether 

Diohloromethane 

Dichloromonofluormethane, 

1, 1-Diohloro-l-nitro©  thane. , . 

1,2-Diohloropropane  (propylene  dichlo-  { 

ride) ' 

Dichlorotetrafixioroethane , 

Dimethylaniline 

Dimethylaulf  ate 

Dioxane 

Ethyl  acetate 

Ethyl  alcohol... 

Ethyl  benzene 

Ethyl  bromide 

Ethyl  chloride 

Ethylene  chlorhydrin » 

Ethylene  oxid© *  — ..,,,. 

Ethyl  ether 

Ethyl  formate. , , 

Ethyl  silicate 

Formaldehyde. ,..,... , 

Gasoline 

Heptane 

Hexftno , 

Hydrogen  chloride 

Hydrof  en  fluoride 


200 
10 

5 
500 

0.5 

20 
100 
200 
100 
5 

0.05 
35 
I 

1000 
50 

250 
200 
200 
5000 
20 

100 
50 
200 
100 
1 

25 
100 

20 
400 
100 

100 

400 

400 

50 

1000 

100 

75 
200 

15 

500 

1000 

10 

75 
1000 

5 
1 

100 
400 
1000 


$00 

1000 

5 

100 

400 
100 
100 

5 
500 

500 
500 

5 
10 

a 


0,36 

0.02554 

0.02085 

1.2055 

0.1145 

0.04336 

1.064 

0.36 

0.019 


0.11393 
0.00653 
2.210 
0.1515 

0.735 
0.94$ 
0.966 

0.0622 


0.313 
0.736 
0.54 


0.0905 
0.4W 
0.101 
1.375 

0.409 

0.401 
1.3-1 
0.6875 
0,3005 

4J4 

0.405 
0.3038 

OJfll 
0*0870 

1,74 

4.20 
0,0580 

O.E2W 
5.98 

0,02475 

0.00515 
0.38 
1.44 
Lftgl 

0,868 
0*889 
*.M 

0,01645 
0.1S 

1.312 
0408 

0.85! 
O.OW1W 


0.00719 
O.OU04 


0.43 
0.02 
0.02 
1.21 
0.013 

0,05 

1.16 
0.41 
0.02 


0.12 
0.03 
3.3 
0.18 

0.8S 
1.04 
1.02 

0.05 


0.10 
0.78 
0.53 


O.OQ 

0,31 
0.08 
1*60 
0.42 

0.41 
1.68 
0.81 

0.24 
3.  IB 

O.S3 
0.23 
CL&9 
O.OS 

1.3ft 

2.81 
0.4 

0.20 
4,30 

0.W 

QJ»3 

0*3$ 

L» 

2,2 
0.9ft 

o.w 

2*7« 
0.016 


IJff 

0,315 

0,87 

0.006 


2LS7 

9.64 

0*004 

0.016 

0.008 
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TABLE  3.    MAXIMUM  ALLOWABLE  CONCENTRATION  OP  GASES  AND  VAPORS 

(Concluded) 


SUBSTANCE 


ASA  STAND- 

ABDS 

M.A.C. 
ppm 


THBESHOLD  LIMIT  VALUES  A.C.GJ.H**  1949 


ppm 


Gm/cu  m 

or 
Oa/1000  cu  ft 


Oz/1000  cu  ftb 


Hydrogen  selenide 

Hydrogen  sulfide 20 

Iodine 

leophorone 

Mesityl  oxide 

Methanol 200 

Methyl  acetate 

Methyl  bromide 

Methyl  butanone 

Methyl  "cellosolve" 

Methyl  "cellosolve"  acetate 

Methyl  chloride 100 

Methyl  cyclohexane 

Methyl  oyclohexanol 

Methyl  cyolohexanone 

Methyl  formate 

Methyl  iso-butyl  ketone 

Monochlorobenzene 

Monofluorotrichloromethane 

Mononitrotoluene 

Naphtha  (coal  tar) 

Naphtha  (petroleum) 

Nickel  carbonyl 

Nitrobenzene 

Nitroe  thane 

Nitrogen  oxides    (other  than   nitrous 

oxide). 25 

Nitroglycerine 

Nitromethane . 

2-Nitropropane 

Octane 

Ozone 

Pentane 

Pentanone  (methyl  propanone) 

Phosgene — 

Phoephine 

Phosphorus  trichloride 

iso-Propano! 

Propyl  acetate. . , 

iso-Propyl  ether 

Stibin© 

Stoddard  solvent. 

Styreno  monomer 400 

Sulfur  chloride. 

Sulfur  dioxide 

l,l,2»2-T©trachloroethane 

Tetraohloroethylene 

Toluene 200 

Toluidine 

Trichloroethylene , 200 

Turpentine - , 

Vinyl  chloride  (chloroethane) , 

Xylene 200 


0.05 
20 

25 
50 

200 
200 

20 
100 

25 

25 
100 
500 
100 
100 

100 
100 
75 

1000 
5 


500 
1 
1 

100 


25 
0.5 
100 

50 
500 

1 

1000 
200 
1 
0.05 

0.5 
400 
200 
600 

0.1 

500 
200 

1 
10 

5 

100 

200 

5 

100 
100 

500 
200 


0,01039 

0.141 

0.2005 

0.2618 
0.606 
0.0778 
0.352 

0.7775 

0.1208 

0.2086 

2.005 

0.466 

0.458 

0.2554 


0.3465 

5.61 

0.028 

0.638 

1.945 

0.00697 

0.00503 

0.307 


0.00464 
0.2495 
0.182 
2.33 


2.94 
0.704 


0.00281 
1.022 
0.834 
2.085 


2.845 

0.85 

0.00552 

0.343 

0.679 
0.752 
0.0219 
0.536 
0.556 

1.28 
0.868 


0.0002 

0.15 

0.22 

0.32 
0.62 
0.04 
0.41 
0.078 

0,11 
0.22 
2.44 
0.49 
0.48 

0.25 

0.49 

0.3 

3.59 

0.23 

0.71 

2.6 

0.006 

0.004 

0,275 


0.003 
0.21 
0.17 
3.17 


4.5 

0.82 


0.0018 
1.22 
0.885 
2.75 


3.4 

0.89 
0.003 

0.02 

0,405 

0.83 

0.02 

0.35 

0.58 

1.33 
0.96 


*  A.O.Q.I.H.  *•  American  Conference  of  Governmental  Industrial  Hygienists. 
b  Fluid  ounces  (at  20  C)  of  chemical  in  1000  cu  ft. 


apply  a  reasonable  safety  factor  to  the  ventilation  estimate  without  con- 
sideration of  the  concentrations  of  gases  or  vapors  that  approach  the  danger 
point.  Safety  engineers  prefer  to  limit  the  concentration  to  |  or  J  of  the 
lower  explosive  limit,  and  this  fact  should  be  given  full  weight  in  determin- 
ing the  capacity  and  design  of  ventilating  equipment.  Rarely  should 
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consideration  be  given  to  operation  above  the  upper  explosive  limit  in  the 
open  areas  of  buildings  or  rooms — even  though  unoccupied — because  the 
danger  of  temporary  drop  of  gas  concentration  to  a  point  within  the  ex- 
plosive range  is  too  great, 

Ability  of  a  flammable  liquid  to  form  explosive  mixtures  is  determined 
largely  by  its  vapor  pressure,  volatility,  or  rate  of  evaporation.  Flash 
point  is  a  convenient  method  of  expressing  this  property  in  terras  of  the 
temperature  scale.  It  may  be  defined  as  the  temperature  to  which  a  com- 
bustible liquid  must  be  heated  to  produce  a  flash  when  a  small  flame  is 
passed  across  the  surface  of  the  liquid.  The  higher  the  flash  point,  the 
more  safely  can  the  liquid  be  handled.  Liquids  with  flash  points  under 
70  F  should  be  regarded  as  highly  flammable, 


TABLE  4.    LIMITS  FOR  Toxic  DTJSTS,  FUMES  AND  MISTS 


SUBSTANCE 

A.8.A.  STANDARDS, 
M.A.C. 

mg/cu  nx 

TKStK&aou>  LIMIT 
VALXJ»»,  A.C.OJ.&. 

1940 
mg/cu  m 

0  5 

ft    KL 

OK 

0  1  (W) 

0  I 

^ 

0  1 

A  1 

§ 

1  5 

2  5 

Iron  Oxide  f  units  •«    ••»      •  ..»..,.»».«..««*.  .  .  .  .  . 

is 

Lead             

0.15 

0  15 

tJS 

6 

6 

0,1 

0  1 

ft  it 

0$ 

Phosphorus  (yellow)    .  *  «    *  *  .  *  ,    .  *  .  *  »,<„«»  »  *    ,  * 

01 

1 

Solejdium  compounds  as  selenium  ,,,.,, 

0  1 

1 

Tellurium  ,,...,...,  «  ,  , 

Of 

Tetryl  ,,.  

T   K 

5 

Trinitrotoluene  ,...»,.,,.,..,,.»,,..  .  »  » 

1   K 

Zinc  oxide  fumes  .  .  .*.,....,.,  ,.„,„„  .  .  .  «  ......     ,  »  » 

fit 

Upper  and  lower  limits  of  flammability  of  gases  and  vapors^  and  the  flash 
points  of  the  corresponding  liquids  are  given  in  Table  6* 

Methods  for  estimating  the  flammable  limits  of  mixtures  of  or 

vapors  must  be  applied  with  caution ;  the  reader  is  referred  to  other  publi- 
cations for  this  information, w> u 

Design  of  equipment  for  the  control  of  combustible  anesthetics  is  out- 
lined in  Chapter  7,  Construction  of  equipment  for  handling  air  contain- 
ing flammable  substances,  or  operating  in  atmospheres  so  contaminated, 
is  discussed  in  Chapter  45. 

It  is  customary  to  report  the  concentrations  of  flammable  or  vapors 
in  per  cent  by  volume,  or  volume  per  cent  Comparison  with  concentra- 
tions on  the  part  per  million  scale  ueed  in  chemical,  medical  or  Industrial 
hygiene  literature  is  readily  made  by  the  conversion;  1  per  eeat  «  10,000 
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ppm  (parts  of  contaminant  per  million  parts  of  air,  by  volume,  or  in  other 
words,  cubic  feet  of  contaminant  per  million  cubic  feet  of  air).  It  will  be 
noted  in  Table  6  that  nearty  all  of  the  substances  listed  have  lower  explosive 
limits  above  1.0  per  cent,  while  the  maximum  allowable  concentrations  for 
gases  and  vapors  in  Table  3  are  below  1000  ppm  or  0.1  per  cent  in  most 
cases.  Therefore,  control  of  toxic  or  injurious  vapors  to  levels  below  their 
maximum  allowable  concentrations  for  health  usually  requires  much  more 
effective  ventilation  than  for  the  prevention  of  a  fire  hazard. 

COMBUSTIBLE  BUSTS 

A  dust  explosion  is  essentially  a  sudden  pressure  rise  caused  by  the  very 
rapid  burning  of  airborne  dust.  The  primary  explosion  often  originates 
from  a  small  amount  of  dust  in  suspension  exposed  to  a  source  of  ignition, 
and  the  pressure  and  vibration  it  creates  may  be  sufficient  to  dislodge 
large  accumulations  of  dust  on  horizontal  ledges  or  surfaces  of  the  building 
and  equipment,  thereby  creating  a  secondary  explosion  of  great  force. 

TABLE  5.    LIMITS  FOB  MINEBAL  DUSTS 


SUBSTANCE 

THRESHOLD  LIMIT  VALUES 
A.C.G.LH.  1949 
mppcfa 

50 

Asbestos  

5 

Cat  borunduni  

50 

50 

Mica  (below  5%  free  silica)  

50 

50 

Silica  —  high  (above  50%  free  SiOa)  

5 

Silica  —  medium.  (5  to  50%  free  SiOa)  

20 

Silica—  low  (below  5%  free  SiOa)                  

50 

Slate  (below  S%  free  SiOs)  

50 

Soapston©  (below  5%  free  SiOa)  

20 

Talc    .  .        

20 

Total  dust  (below  5%  free  SiOa)  

50 

*  mppof — million  particles  per  cubic  foot  of  air,  standard  light  field  count. 

Thus  the  air  conditioning  engineer  is  involved  for  two  reasons:  (1)  to 
obtain  a  movement  of  dust-laden  air  into  exhaust  hoods  or  openings  and 
through  ventilating  or  pneumatic  conveying  ducts  in  a  manner  that  will 
prevent  accumulation  of  highly  flammable  dust  at  points  where  it  could 
ignite  inside  the  equipment ;  and  (2)  to  so  design  process  ventilation  as  to 
prevent  the  escape  of  dust  which  might  settle  on  horizontal  surfaces  and 
become  a  potential  source  of  disaster  at  some  distance  from  the  dusty  opera- 
tion. (See  Chapter  45). 

Intensity  of  a  dust  explosion  depends  upon:  chemical  and  thermal 
properties  of  the  dust;  particle  size  and  shape ;  concentration  in  air ;  propor- 
tion of  inert  dust  in  the  air;  moisture  content  and  composition  of  the  air; 
size  and  temperature  of  the  ignition  source ;  and  degree  of  dispersion  of  the 
dust  cloud.  Investigations  on  the  explosibility  of  dusts  require  determina- 
tion of  the  maximum  pressure  developed  during  explosion  of  a  known  air 
concentration,  as  well  as  determination  of  the  rate  of  pressure  rise.  In- 
vestigators frequently  experience  difficulty  in  obtaining  dust  suspensions 
of  uniform  dispersion,  and  this  should  be  kept  in  mind  when  comparing 
results  from  several  sources.14 

Minimum  explosive  concentrations  of  airborne  dusts  already  tested 
range  from  0.01  to  0.5  oz  per  cubic  foot,  or  10  to  500  grams  per  cubic  meter 
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TABLE  6.    APPROXIMATE  LIMITS  OP  FLAMMABILITT  OP  SINGLE  GASES  AND  VAPORS 
IN  Am  AT  ORDINARY  TEMPERATURES  AND  PRESSURES* 


GAS  OB  VAPOB 


LOWER  LIMIT 

PEK  CENT  BY 

VOLUME 


UPPEB  LIMIT 
PER  CENT  BY 

VOLUMl 


Closed  Cup 
FLASH  POINT 

FDEGb 


Acetaldehyde 4.0 

Acetone 2.5 

Acetylene 2.5 

Allyl  alcohol 2.6 

Ammonia 15.5 

Amyl  alcohol 1.2 

Amyl  chloride 1.8 

Amylene 1.6 

Benzene  (benzol) 1.3 

Benzyl  chloride 1.1 

Butane 1.8 

Butyl  acetate 1.4 

Butyl  alcohol 1.7 

Butylene 2.0 

Carbon  disulfide 1.2 

Carbon  monoxide 12.5 

Crotonaldehyde 2.1 

Cyclohexane 1.3 

Cyclopropane 2.4 

Decane 0.67 

Dichloroethylene  (1,  2) 9.7 

Diethyl  selenide 2.5 

Dioxane 2.0 

Ethane 3.1 

Ether  (diethyl) 1.8 

Ethyl  acetate 2.2 

Ethyl  alcohol 3.8 

Ethyl  bromide 6.7 

Ethyl  cellosolve 2.0 

Ethyl  chloride 4.0 

Ethylene 2.7 

Ethylene  dichloride 0.2 

Ethyl  formate 2.7 

Ethyl  nitrite 3.0 

Ethylene  oxide 3.0 

Furfural  (1250) 2.1 

Gasoline  (variable) . 1.4*1.5 

Heptane. 1.0 

Hexane 1.2 

Hydrogen  cyanide 5.0 

Hydrogen, 4.0 

Hydrogen  sulfide *..„..... 4.3 

Illuminating  gas  (coal  gas) 5,3 

Isobutyl  alcohol ,  1,7 

Isopentane „ 1,3 

Isopropyl  acetate , , , , ,  1,8 

Isopropyl  alcohol. , ,  2*0 

Methane ,,, 5.0 

Methyl  acetate 3,1 

Methyl  alcohol 0.7 

Methyl  bromide , 13.5 

Methyl  butyl  kefcrae JU2 

Methyl  chloride 8.2 

Methyl  cyclohexane , LI 

Methyl  ethyl  ether 2.0 

Methyl  ethyl  ketone , 1,8 

Methyl  formate 6.0 

Methyl  propyl  ketone 14 

Natural  gas  (variable) 4*3 

Naphtha  (benzine) , Li 

Naphthalene .,........,.»...»,... 0,9 

Konane , 0*83 

Octane 0  J5 

Paraldehyde 1,8 

Pentane, , , »  L4 


57 

12.8 

80 


7.7 
6.8 


8.4 
15.0 


50 

74.2 
15.6 

8.4 
10.5 

2.0 

12.8 

22^2 
12.5 

30.5 

11.5 
19.0 
11.3 
15,7 
14,8 

28.0 
15J 
16,5 
50 


7.4-7.6 

8.0 

6.3 

40.0 

74.2 
45.5 
33.0 


7J 


15.5 
36,5 

14.5 
B.O 
1S.7 

1011 


22*7 

8,2 
13.5 
0.0 


3*9 

8.2 


-17 
0 


70 
100 


12 
140 


84 
-22 


55 
1 


57 
"*54 
-49 

25 
54 

*1M 

-58 


-4 
-SI 


140 
-50 


43 
"l4 

**n 
m 

aWio 

178 
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TABLE  6.    APPROXIMATE  LIMITS  OF  FLAMMABILITY  OF  SINGLE  GASES  AND  VAPOBS 
IN  AIR  AT  ORDINARY  TEMPERATURES  AND  PRESSURES*  (Concluded) 


GAS  OB  VAPOR 

LOWER  LIMIT 
PER  CENT  BY 

VOLTTME 

UPPER  LIMIT 
PEB  CENT  BY 
VOLUME 

Closed  Cup 
FLASHPOINT 

FDBGb 

Propane 

2.1 

10.1 

Propyl  acetate 

1.8 

8.0 

58 

Propyl  alcohol  .             ...... 

2.1 

13.5 

59 

Propylene  

2.0 

11.1 

Propylene  dichloride    . 

3.4 

14.5 

60 

Propylene  oxide 

2.0 

22.0 

Pyridine  

1.8 

12.4 

74 

Toluene  (toluol) 

1.3 

7.0 

40 

Turpentine 

0,8 

05 

Vinyl  ether.  .  .                              .             .... 

1.7 

27,0 

Vinyl  chloride  

4.0 

21.7 

Water  gas  (variable)    

6.0 

70 

Xylene  (xylol)  

1.0 

6.0 

63 

a  Adapted  from:  Fire  and  Explosion  Hazards  of  Combustible  Gases  and  Vapors,  by  G.  W.  Jones;  Chapter 
13,  Industrial  Hygiene  and  Toxicology,  edited  by  F.  A.  Patty,  (Intel-science  Publishers,  1948);  Properties  of 
Flammable  Liquids,  Gases  and  Solids  (Associated)  Factory  Mutual  Fire  Ins.  Cos,,  January  (1940);  and 
National  Fire  Codes  for  Flammable  Liquids,  Gases,  Chemicals  and  Explosives— 1945  (National  Fire  Protec- 
tion Association)* 

b  Closed  cup  refers  to  the  equipment  used  in  flash  point  determinations. 


of  air.  Maximum  pressures  generated  have  been  reported  as  high  as  500 
psi,  although  they  are  more  likely  to  be  of  the  order  of  50  psi.  Investiga- 
tions on  the  flammable  characteristics  of  dusts  are  currently  made  at  0.1 
and  0.5  oz  per  cubic  foot,15""21 

ATMOSPHERIC  POLLEN 

Properties  of  pollen  grains  discharged  by  weeds,  grasses  and  trees  and 
responsible  for  hay  fever  are  of  special  interest  to  designers  of  air  cleaning 
equipment  (see  Allergic  Disorders  in  Chapter  7,  and  Air  Cleaning,  Chap- 
ter 33).  Whole  grains  and  fragments  transported  by  the  air  range  chiefly 
between  10  and  50  microns  in  size,  but  some  have  been  measured  as  small 
as  5  microns,  and  others  over  100  microns  in  diameter.  Ragweed  pollen 

f  Tains  are  fairly  uniform  in  size  within  the  range  of  15  to  25  microns, 
ollen  grains  can  be  removed  from  the  air  more  readily  than  the  particles 
of  dust  prevalent  in  outdoor  air  or  produced  by  dusty  processes,  since  the 
latter  predominate  in  the  range  of  O.i  to  10  microns  in  si^e. 

Most  grains  are  quite  hygroscopic  and  therefore  vary  in  weight  with  the 
humidity.  Illustrations  and  data  on  individual  pollen  grains  are  available 
in  the  botanical  literature,22'23-24  Geographical  distribution  of  plants 
known  to  produce  hay  fever  is  also  recorded.25- 26 

The  quantity  of  pollen  grains  in  the  air  is  generally  estimated  by  exposing 
an  adhesive-coated  glass  plate  outdoors  for  24  hr,  and  then  counting  cali- 
brated areas  under  the  microscope.  Methods  are  available  for  determin- 
ing the  number  of  grains  in  a  measured  volume  of  air25*27*28  but  their 
greater  accuracy  has  not  caused  them  to  replace  the  more  simple  gravity 
slide  method  used  for  most  pollen  counts.  Counting  technics  vary  some- 
what, but  the  daily  pollen  counts  reported  in  local  newspapers  during  the 
hay  fever  season  usually  represent  the  number  of  grains  found  on  1.8  sq 
cm  of  a  24-hr  gravity  slide. 

Hay  fever  sufferers  may  notice  the  first  symptoms  when  the  pollen  count 
is  10  to  25,  and  in  some  localities  the  maximum  figures  for  the  seasonal 
peak  may  approach  1000  for  a  24-hr  period,  depending  upon  the  sampling 
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and  reporting  methods  of  the  laboratory.  Translation  of  gravity  counts 
by  special  formulas  to  a  volumetric  basis,  or  the  number  of  grains  per 
cubic  yard  or  per  cubic  foot  of  air,  is  unreliable  because  of  the  complexity 
of  the  modifying  factors.  When  such  information  is  important,  it  is  best 
obtained  directly  by  a  volumetric  instrument.  The  number  of  pollen  grains 
per  cubic  yard  of  air  evidently  varies  from  2  to  20  times  the  number  found 
on  1  sq  cm  of  a  24-hr  gravity  slide,  depending  on  grain  diameter,  shape, 
specific  gravity,  wind  velocity,  humidity  and  physical  placement  of  the 
collecting  plate,29  »30-31 

AIRBORNE  BACTERIA 

Study  of  the  occurrence  and  significance  of  micro-organisms  in  the  at- 
mospheres of  the  indoor  world  is  absorbing  the  energies  of  a  substantial 
number  of  physicians,  bacteriologists,  aerobiologists,  physicists,  public 
health  workers,  engineers  and  hospital  personnel.  Some  data  arc  available 
on  the  types  and  quantities  of  bacteria  found  in  a  variety  of  spaces,  but  it 
is  not  possible  at  present  to  use  this  information  as  a  conclusive  index  of 
the  potential  health  hazard  of  a  given  environment.  The  reported  number 
of  airborne  organisms  may  vary  from  1  to  1000  per  cubic  foot  of  air,  influ- 
enced somewhat  by  the  method  of  testing.32  Many  are  attached  to  the 
dust  particles  present  in  the  'air. 

Where  it  seems  advisable  or  desirable  to  control  the  bacterial  content 
of  rooms,  public  conveyances  or  buildings,  highly  effective  methods  are 
available  (see  Chapter  7),  and  their  extended  use  may  do  much  to  assist 
the  workers  in  this  field  in  accumulating  the  necessary  mass  of  evidence 
that  will  decide  the  practical  value  of  air  sterilisation  for  the  control  of 
communicable  disease.  It  is  now  well  established  that  ultraviolet  radia- 
tion is  feasible  for  the  protection  or  preservation  of  pharmucouticals,  cos- 
metics, and  food  products, 
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HEAT  TRANSMISSION  COEFFICIENTS  OF 
BUILDING  MATERIALS 

Heat  Transfer  Symbols;  Calculating  Overall  Coefficients;  Conductivity  of  Homo- 

geneous Materials;  Surface  Conductance;  Air  Space  Conductance;  Practical 

Coefficients  and  Their  Use;  Computed  Heat  Transmission  Coefficients; 
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Floor,  Basement  Wall,  and  Concrete  Slab  Floor  Coefficients;  Cal- 

culating Surface  Temperatures  ;  Water  Vapor  and  Condensation; 

Vapor  Transmission;  Condensation  Control 


design  of  air  conditioning  or  heating  systems  for  buildings  requires 
JL  a  knowledge  of  the  thermal  properties  of  the  walls  enclosing  the  space. 
The  rate  of  heat  flow  through  the  walls  under  steady-state  conditions  at 
design  temperatures  is  usually  the  basis  for  calculating  the  heat  required. 
For  a  given  wall  under  standard  conditions  the  rate  is  a  specific  value  desig- 
nated as  £7,  the  overall  coefficient  of  heat  transmission.  It  may  be  deter- 
mined by  test  in  a  guarded  hot  box  apparatus,  or  it  may  be  computed  from 
known  values  of  the  thermal  conductance  of  the  various  components. 
Because  testing  of  all  combinations  of  building  materials  is  impracticable, 
the  procedure  and  necessary  data  for  calculation  of  the  value  of  U  are 
given  in  this  chapter,  together  with  tables  of  computed  values  for  the  more 
common  constructions. 

HEAT  TRANSFER  SYMBOLS 

U  =  overall  coefficient  of  heat  transmission  (air  to  air)  ;  the  time  rate  of  heat  flow 
expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  temperature  difference 
between  air  on  the  inside  and  air  on  the  outside  of  a  wall,  floor,  roof  or  ceiling).  The 
term  is  applied  to  the  usual  combinations  of  materials  in  construction  and  also  to 
single  materials,  such  as  window  glass,  and  includes  the  surface  conductance  on  both 
sides. 

k  =  thermal  conductivity;  the  time  rate  of  heat  flow  through  a  homogeneous  mate- 
rial under  steady  conditions  through  unit  area  per  unit  temperature  gradient  in  the 
direction  perpendicular  to  the  area,  Its  value  is  expressed  in  Btu  per  (hour)  (square 
foot)  (Fahrenheit  degree  |>er  inch  of  thickness)  .  Materials  are  considered  homogene- 
ous when  the  value  of  k  is  not  affected  by  variation  in  thickness  or  size  of  sample 
within  the  range  normally  used  in  construction. 

C  —  thermal  conductance;  the  time  rate  of  heat  flow  through  a  material  from  one 
of  its  surfaces  to  the  other  per  unit  temperature  difference  between  the  two  surfaces. 
Its  value  is  expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree).  The  term 
is  applied  to  specific  materials  as  used,  which  may  be  either  homogeneous  or  hetero- 
geneous. 

/  =«  film  or  surface  conductance;  the  time  rate  of  heat  flow  between  a  surface  and 
the  surrounding  air.  Its  value  is  expressed  in  Btu  per  (hour)  (square  foot  of  surface) 
(Fahrenheit  degree  temperature  difference)  .  Subscripts  i  and  o  are  used  to  differenti- 
ate between  inside  and  outside  surface  conductances,  respectively. 

a  «  thermal  conductance  of  an  air  space;  the  time  rate  of  heat  flow  through  an  air 
space  per  unit  temperature  difference  between  the  boundary  surfaces,  Its  value  is  ex- 
pressed in  Btu  per  (hour)  (square  foot  of  area)  (Fahrenheit  degree).  The  conduct- 
ance of  an  air  space  is  dependent  on  the  temperature  difference,  the  height,wthe  depth, 
the  position  arid  the  character  of  the  boundary  surfaces.  The  relationships  are  not 
linear,  and  accurate  values  must  be  obtained  by  test  and  not  by  computation. 

R  «*  thermal  resistance.  Its  value  is  expressed  in  Fahrenheit  degrees  per  (Btu) 
(hour)  (square  foot).  It  may  represent  any  of  the  following  and  must  therefor©  be 
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properly  described  as  one  of  the  following: 

—  «•  overall  or  air-to-air  resistance 

-  m  resistance  per  unit  thickness  (resistivity) 

K 

—  w  resistance  of  a  material  (surface-to-surface) 
C 


-  «=  film  or  surface  resistance 
-  «*  air  space  resistance 


z 

h  ol 


0,1 


I  2  3  4  S 

DENSITY  POUNDS  PER  CUBIC  FOOT 

FIG.  1.  TYPICAL  VARIATION  OF  THERMAL  CONDUCTIVITY 
WITH  DBNSITY  —  FOB  FIBROUS  MATBEIAL 

CALCULATING  OVERALL  COEFFICIENTS 

From  Chapter  5,  Equation  7,  the  total  resistance  to  heat  flow  through  a 
wall  is  equal  numerically  to  the  sum  of  the  resistances  in  series* 


4- 


+  R  4- 


(1) 


where,  Ri  +  &*>  etc.  are  the  individual  resistances  of  the  wall  compojaents. 
JKr  •»  total  resistance. 

For  a  wall  of  a  single  homogeneous  material  of  conductivity  k  and  thick- 
ness x,  with  surface  coefficients  /i  and  /0, 


Then  by  definition, 


/i     *     /. 
1 


(2) 


For  a  wall  with  air  space  construction  and  consisting  of  two  homogeneous 
materials  of  conductivities  h  and  fe?  thicknesses  xi  and  ^3,  respectively, 
and  separated  by  an  air  space  of  conductance  a, 


ft. 


(3) 
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and 


RT 


In  the  case  of  types  of  building  materials  having  non-uniform  or  irregu- 
lar sections  such  as  hollow  clay  tile  or  concrete  blocks,  it  is  necessary  to 
use  the  conductance  G  of  the  section  unit  as  manufactured  instead  of  a 
conductivity  k.  The  resistance  of  the  section  1/0  is  therefore  substituted 

for  x/k  in  Equations  2  and  3. 

CONDUCTIVITIES  AND  CONDUCTANCES 

The  method  of  calculating  the  overall  coefficient  of  heat  transmission 
for  a  given  construction  is  comparatively  simple,  but  accurate  values  of 
conductivities  and  conductances  must  be  used  to  obtain  satisfactory  re- 
sults. In  addition,  there  are  sometimes  parallel  heat  flow  paths  of  different 


100 


"40  50  60  70  80  90 

MEAN    TEMPERATURE  -  FAHRENHEIT   DECREES 

FIG.  2.  TYPICAL  VARIATION  0*  THERMAL  CONDUCTIVITY 
WITH  MEAN  TEMPERATURE 

resistances  in  the  same  wall,  and  these  may  necessitate  modification  of  the 
formula.  In  such  cases  calculated  results  should  be  checked  by  test  meas- 
urements. 

The  determination  of  the  fundamental  conductivities  and  conductances 
requires  considerable  skill  and  experience  to  obtain  accurate  results.  It 
is  recommended  that  thermal  conductivities  of  homogeneous  materials  be 
determined  by  means  of  the  Guarded  Hot  Plate.1  For  determination  of 
conductances,  a  Guarded  Hot  Box  method2  is  generally  used. 

Tables  1  and  2  give  conductivities  and  conductances  which  are  quite 
generally  used  in  calculation,  and  which  have  been  selected  from  various 
sources.  Wherever  possible  the  properties  of  the  material  and  test  con- 
ditions are  given.  In  selecting  and  applying  heat  transmission  values  to 
any  construction,  caution  is  necessary,  because  coefficients  for  the  same 
material  may  differ  because  of  variations  which  occur  in  test  methods,  in 
the  materials  themselves,  or  in  the  temperature  of  the  material  when 
tested. 

Conductivity  of  Homogeneous  Materials 

Thermal  conductivity  is  a  property  of  a  homogeneous  material  and  of 
types  of  building  materials  such  as  lumber,  brick  and  stone  which  may  be 
considered  homogeneous.  Most  insulating  materials,  except  air  spaces 
and  reflective  types,  are  of  a  porous  nature  and  consist  of  combinations 
of  solid  matter  with,  small  air  cells.  The  thermal  conductivity  of  these 
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TABUS  1.    CONDUCTANCES  (C)  FOR  SURFACES  AND  AIR  SPACES 

AU  conductance  values  expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  temperature  difference). 

Section  A.    Surface  Conductances  for  Still  Aira 


POSITION 
OF  SURFACE 

DIRECTION 
OF  HEAT  FLOW 

SURFACE  EMISSIVITY 

e  «  0.83 

e  -  0.05 

Horizontal  

Upward 
Downward 

1.95 

1.21 
1.52* 

1.16 

0.44 
0.74 

Horizontal.. 

Vertical  

,  

Section  B.    Conductance  of  Vertical  Spaces  at  Various  Mean  Tempcraturcsb 


MEAN 
TEMP 
FAHR  DEG 

CONDUCTANCES  OF  Am  SPACES  FOR  VARIOUS  WIDTHS  IN  INCHES 

0.128 

0,250 

0.364 

0.493 

0.713 

1.00 

1.500 

20 

2.300 

1.370 

1.180 

1.100 

1.040 

1.030 

1.022 

30 

2.385 

1.425 

1.234 

1.148 

1.080 

1.070 

1.065 

40 

2.470 

1.480 

1.288 

1.193 

1.125 

1.112 

1.105 

50 

2.5CO 

1.535 

1.340 

1.242 

1,168 

1.152 

1.149 

60 

2.650 

1.590 

1.390 

1.295 

1.210 

1.195 

1.188 

70 

2.730 

1.648 

1.440 

1.340 

1.250 

1.240 

1,228 

80 

2.819 

1.702 

1.492 

1.390 

1.205 

1.280 

1.270 

90 

2.908 

1.757 

1.547 

1.433 

1.340 

1,320 

1.310 

100 

2.990 

1.813 

1.600 

1.486 

1.380 

1.302 

1.350 

110 

3.078 

1.870 

1.650 

1.534 

1.425 

1.402 

1.392 

120 

3.167 

1.928 

1.700 

1.580 

1.467 

1.445 

1.435 

130 

3.250 

1.080 

1.750 

1,630 

l.filO 

•1.485 

1.475 

140 

3.340 

2.035 

1,800 

1.680 

1.550 

1.530 

1.519 

ISO 

3.425 

2.090 

1.852 

1.728 

1.592 

1.5(19 

1.550 

Section  C.    Conductances  and  Resistances  of  Air  Spaces 

Faced  on  One  Surface  with  Reflective  Insulai iono 


TEMP* 

RESISTANCE* 

DlFP 

CONDUCTANCE* 

LOCATION  AN» 

DIRECTION 

FAHR  DEC 

(C) 

("£") 

POSITION  OF 

OF 
ry__  ._, 

Am  SPACE 

tiEAT 

FLOW 

No.  of  Air  Spaces 

No,  of  Air  Spaces 

Winter 

Summer 

1 

2 

3 

1 

3 

3 

Rafter  Space 

<8  in.) 

Horizontal 

Down 

45 

0.10 

0.07 

10,00 

14.2$ 

Horizontal 

Up 

45 

0.27 

0.17 

3.70 

0.8B 

Horizontal 

Down 

25 

0.00 

0.06 

ILU 

10.67 

Horizontal 

Up 

25 

0.24 

040 

4,17 

€.23 

30  deg  slope 

Down 

45 

0.15 

OJO 

6.67 

10.00 

30  deg  slope 

Up 

45 

0.25 

0.17 

4,00 

6M 

30  deg  slope 
30  deg  slope 

Down 

Up 

25 
25 

0.13 

0.23 

0.00 
0.14 

4^3 

n.n 

7.14 

Stud  Space 

(3%  in.) 
Vertical/ 

30 

0.34 

2,04 

Vertical 

40 

0.23 

0,1$ 

4.3S 

7,69 

Vertical/ 

15 

0.32 

3,13 

Vertical 

20 

OJ8 

0.11 

5.5C 

0,00 

Vertical" 

ao 

0.46 

2J7 

0  Radiation  and  Convection  from  Surfaces  in  Various  Petitions,  by  G*  B.  WUlcet  and  C.  M,  P.  Ptrtawon 
(AJS.H.V.B.  TKANSACTIONS,  VoL  44,  1038,  p.  513). 

b  A.S.H.V.B.  Research  Report  No.  82$—  Thermal  Re0iftt*&ce  of  Air  6pae««»  by  F.  B.  Rowley  ««l  A.  B. 
Algren  (A.S.H.V.E,  TBAWBACMCWS,  Vol.  35,  1020,  p.  105), 

0  Thermal  Test  Coefficients  of  Aluminum  Insulation  for  Buildup,  by  0.  B.  Wilkes,  K.  G,  Hcohler  And 
E.  R.  Queer  (A.S.H.V.K  TRANSACTIONS,  Vol.  46,  1940), 

rf  Temperature  difference  Is  based  OB  total  space  between  plaster  base  and  fthotthin*,  Hewing  or  rooting  , 

*  Those  air  space  conductance  and  resistance  value*  we  based  on  one  reHftofciv*  nurl  AC*  (aluminum)  hnv- 
i  ng  an  ©misslvity  of  0.05  faoing  ©aoh  space  and  are  based  on  total  spaee  between  plaster  ba«ft  anil  »l«»tlilii«» 
flooring  or  roofing.    The  rafter  and  stud  spaces  ar©  divided  into  equal  spaaes, 

^  Stud  space  is  lined  on  planter  baae  sid©  with  loo«@  papor  with  aluminum  on  fturfueo  fftdng  ftlr  fifwct* 
The  rwistance  of  the  small  air  space  bafcween  the  plaster  bewe  and  paper  6*43. 

0  Kadiation  and  Convection  Across  Air  Spaces  in  JVame  Co»»tractlonf  by  Q,  B.  »wl  C.  M.  F, 

Peterson  (A.S.H.VJB.  TRANSACTIONS,  Vol.  43,  1937,  p,  351), 

*  The  recommended  surface  conductance  for  oaloulatlnf  heat  loetei  for  itill  air  for  nonHrafieofil 
is  1,65  Btu.    For  a  15  mph  wind  velocity,  the  rerommended  value  b  8,0  Btu.   Th«d  wtfll^im 


,  .  ,  ,          .  - 

rived from  Fig.  8  which  was  based  on  t«ts  conducted  at  th«  University  of  Minn<wot»,  *»d  Apply  to  vertlenl 
surfaces. 
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TABLE  2.    CONDUCTIVITIES  (fc)  AND  CONDUCTANCES  (C)  OF  BUILDING  AND 
INSULATING  MATERIALS 

These  constants  are  expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  temperature  difference'). 

Conductivities  (ft)  are  per  inch  thickness  and  conductances  (C)  are  for  thickness  or 

construction  stated,  not  per  inch  thickness. 


Material 

Description 

DENSITY 
(La  PEE 
CuF?) 

MEAN 
TEMP 

(PAHB 

DEO) 

CoNDtfCHvnr 

OR 

CONDUCTANCE 

RESISTANCE 

< 

Per  Inch 
Tbicknes 

(1) 

For 
Thlcknea 
Listed 

(1) 

Ct) 

(0 

WILDING  BOABDS 

(NON-INSULATING)  

Compressed  cemeat  and  asbestos  sheets  
Corrugated  asbestos  board  
Pressed  aabeatoa  millboard  '.!.'.! 
Gypsum  board  —  gypsum  between  layers 
of  heavy  paper  

123 
20.4 
60.5 

62.8 

86 

110 
86 

70 

2.70 
0.48 
0.84 

1.41 

£'73 

282 

037 
2.08 
1.19 

0.71 

II 

1 

or 

d> 

%  in.  gypsum  board  

0.27 
0.35 
0.38 

M  in.  gyp3ura  board  

Vi  in.  gypsum  board  

53.5 

90 



2.60 



'RAME  CONSTRUCTION 
COMBINATIONS  

I  in,  fir  sheathing  arid  building  paper  
1  in.  fir  sheathing,  building  paper  and 
yellow  pine  lap  siding  



30 
20 
20 
16 



0.86 
0.50 
0.82 

0.85 
1.28 



1.16 
2.00. 
1.22 

1.18 
0.78 

(4) 
(4) 
(4) 

(4) 
(4) 

1  in.  fir  sheathing,  building  paper  and 

BtuCCO  

Pine  lap  siding  aud  building  paper,  siding 
4  in.  wide  



Yellow  pine  lap  aiding  

1ASONRY  MATERIALS 
BRICK     .  .  .. 

Damp  or  wet  

5.0« 
48 

.... 

0.20 
0.21 

1.30 

(2) 
(4) 

(4) 

(2) 

2) 
(2) 

(4) 

(4) 

(5) 

f8 

(4) 
(4) 

18 

(4) 
(3) 
(3) 
(3) 

Common  yellow  clay  brick*  

* 

One  tier  yellw  common  clay  brick,  one 
tier  face  brick,  approx.  8  in.  thick"  

0.77 

CI»AT  TIM,  HOLLOW  

2  in.  Til?,  H  in.  plaster  both  sides  
4  in.  Tile,  &  in.  planter  both  sides  
Gin.  Tile,  %  in.  plaster  both  sides.  . 

120.0 
127.0 
124.3 

no 

100 
105 



1.00 
0.60 
0.47 

0.52 
0.26 

II 

1.00 
1.67 
2.13 

1.92 

3.84 

8  In.  Tile,  average  of  8  types  (Walls  No. 
59,  63,  64,  66,  67,  00,  91,  92«)  

12  in.  Clay  tile  wall:  8  in.  x  5  In,  x  1  2  in. 
and  4  in.  x  5  in.  x  12  in.«  

CONCRETE  ..,..„.„ 

Sand  and  gravel  aggregate,  various  ages 
and  mixes  .           , 

142 
132 
07 
74,6 
65.0 
50.9 
67.1 
78.0 
20 
28.7 

75 
76 
75 
75 
75 
75 
75 
70 
90 
90 

11.35 

to 
16.36 
12.6 
10.8 
4.0 
2.27 
2.42 
2.28 
2.86 
1.6 
0.68 
0.76 

I 

0.09 
to 
0.06 
0.08 
0.09 
0.22 
0.44 
0.41 
0.44 
0.35 
0.63 
1.47 
1.32 

II 

Sand  and  gravel  aggregate  
Limestone  aggregate  
Cinder  aggregate  

Steam  treated  limestone  slag  aggregate0.,.. 
Pumice  (Mined  in  California)  aggregate0,. 
Expanded  burned  clay  aggregate**  
Burned  clay  aggregate*  ,  
Blaat  furnace  slag  aggregate  ,  
Expanded  verroieuhte  aggregate  
Expanded  veraieulite  aggregate  

1  TJ,  8,  Bureau  of  Standards,  tests  based  on  samples  submitted  by  manufacturers. 

2  A.  C.  Willard,  Lu  C.  Lichty  and  L«  A.  Harding,  tests  conducted  at  the  University  of  Illinois. 

3  J,  C.Peebles,  tests  conducted  at  Armour  Institute  of  Technology,  based  on  samples  submitted  by  manu- 
facturers, 

4  F,  B.  Rowley,  et  al,  tests  conducted  at  the  University  of  Minnesota. 
s  A.S.H.V.E,  Research  Laboratory. 

8  E.  A.  AUcut,  testa  conducted  at  th©  University  of  Toronto, 

a  8ee  Thermal  Conductivity  of  Building  Materials,  by  F,  B.  Rowley  and  A.  B*  Algren  (University  of 
Minnesota  JUnginming  Experiment  Station  Bulletin  No,  12). 

&  Heat  Transmission  Through  Insulation  as  Affected  by  Orientation  of  Wall,  by  F.  B.  Rowley  and  C. 
B.  Lund  (A.8J1.V.B.  TEAMAOTONB,  Vol.  49,  1943,  p.  331), 

6  The  Effect  of  Convection  in  Ceiling  Insulation,  by  G.  B.  Wilkes  and  L.  R.  Vianey  (A.S.H.V.E,  TRANS- 
ACTIONS, Vol.  49, 1943,  p.  196), 

rf  See  A.8.H.V.E.  RBSBARCH  ROTOBT  No,  915— Conductivity  of  Concrete,  by  F.  C.  Houghten  and  Carl 
Gutberlet  (A.S.H.V.B,  TBANSACWONS,  Vol.  38,  1932,  p.  47), 

*  See  Heating,  Ventilating  and  Air  Conditioning,  by  Harding  and  Willard,  revised  edition,  1932. 

*  See  BMS13,  U.  8,  Department  of  Commerce,  National  Bureau  of  Standards,  Washington,  D,  C. 

^  9  Roofing,  0.16  in.  thick  (1,34  Ib  per  square  foot),  covered  with  gravel  (0.83  Ib  per  square  foot),  combined 
thickness  assumed  0.25, 
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TABLE  2.    CONDUCTIVITIES  (k)  AND  CONDUCTANCES  (C)  OF  BUILDING  AND 
INSULATING  MATEEIALS— Continued 

These  constants  are  expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  temperature  difference). 

Conductivities  (Jfc)  are  per  inch  thickness  and  conductances  (C)  are  for  thickness  or 

construction  stated,  not  per  inch  thickness. 


Material 

Description 

DENSITY 
(Le  PEB 
GuFT) 

MEAN 
TEW 

DBG) 

OB 

CONDUCTANCE 

IbBSrSTANCJB 

« 

o 

B 

1 

P«r  Inch 
Thicknea 

(1) 

For 
Thieknes 
Listed 

(*) 

(t) 

(C) 

MASONRY  MATERIALS 
—(Continued) 
CONCKETB—  (Continued)  

Expanded  vermlcullte  aggregate  «,  
Expanded  vermiculite  aggregate  
Concrete  plank  
Cellular  concrete  ,  ,  
Cellular  concrete  
Cellular  concrete  
Cellular  concrete.,  ,  

35 

50 
76 
40.0 
50.0 
60.0 
70.0 

90 
90 
75 
75 
75 
75 
75 

0.86 
1.10 
2.5 
1.06 
1.44 
1.80 
2.18 

I 

1.16 

0.91 
0.40 
0,94 
0.69    • 
0.56 
0.40 

II 

(8) 
3) 
(3) 
(3) 
(3) 
(3) 
(3) 

(4) 

iS 

(4) 
(4) 

8  In.  Concrete  Blocka 

8  in.  three  oval  core,  sand  and  gravel 
aggregate0  ,  ,  ,  

126.4 

104.3 
S6.2 

67.7 

40 

40 

40 

40 
40 

0.00 

0.86 
0.58 

0.5C 
0.49 

II 

1.11 

1.10 
1.73 

2,00 

2,04 

•j^cpi 

8  in.  three  oval  core,  crushed  limestone 

~ 

8  in.  three  oval  core,  cinder  aggregate0  
8  in.  three  oval  core,  burned  clay  aggre- 
gate0 

8  in.  three  oval  core,  expanded  blast 
furnace  slag  aggregate*.  

«i-r 

12  In.  Concrete  Blocks 

1  1  12  M  14  3  oval  (On  concrete  DlxH. 

12  In.  three  ova  core,  sand  and  gravel 
aggregate0  ,  
12  in,  three  oval  core,  cinder  aggregate*... 
12  in.  three  oval  corcf  burned  day 
aggregate8  ,  ,  ,  

124,9 
86.2 

76.7 

40 
40 

40 



0.78 
0,53 

0.47 

— 

1.28 
1,88 

2.13 

(4) 
(4) 

(4) 

(4) 
(4) 
(4) 

(4) 

J     \^S 

(w 

3  In.  solid  gypsum  partition  tile*  
3  in.  three  cell  gypsum  partition  tile*  
4  in.  three  cell  gypsum  partition  tile0  
873^pcr  cent  gypsum,  12H  per  cent  wood 
chips   ,  ,  ...  „ 

§1,2 

74 

2.41 

1.66 
3,30 

(174 
0,00 

0,42 

0.00 
0.30 

U7 

PLASTERING  MATERIALS 

Gypsum  plaster,  %  in.  thick  ,  
Cement  plaster.......  ,  „„,.„„.„,  ,., 
Wood,  lath  and  plaster,  total  thlcknea 
%  la  

II 

73 

70 

75 
75 

"8.00 
0.85 

8.80 
2.50 

1,07 

148 

0.11 
0,40 

0.03 

i) 

(4) 

(3) 

(2) 

j 

Gypsum  plaster  and  expanded  wml- 
oulit©,  4  to  1  mix  „„.  „„,.,  ,„,„„ 
Insulating  plaster  0.9  la,  thick  applied  to 
%  in.  gypsum  board.,,,,,  

39.9 
54.0 

KOOFING 

Asbestos  shingles  ,,„  ,„  

65.0 

75 
75 
75 

io.'oo 

8.0 

flj 
0,5 

128 

0,70 
OJO 

0.17 
O.M 

0.15 

638 

Asphalt,  composition  or  prepared  »..., 
Asphalt  shingles..,.  (,  ,  ,..„ 
BuilUip  roofing,  Wtuiwn  or  fdCgnwd" 
or  slag  surfaced*7  ,MM  „„„„.  ttii 
Slate  
Wood  shingles  ,  IIIIIII 

70,0 
70.0 

WOODS 

Balsa  
Balsa  .L..,1..1.*..1.,,I.I1.I.I1I 
Balsa  ,  

20,0 
8.8 
7,3 
28.0 
28.7 
34.0 
30.0 
40.0 

1 

0,58 

0,38 
0,33 
0,70 
0.&7 
0,07 
0.70 
0.80 
O.W 

**** 

in 

183 
3,03 
1,43 
149 
Uft 
1.32 

Ul 

II 

California  redwood,  0  per  cent  moisture*,,,. 
Cypress..,  ,..,„,.„  ,.,..,....  .................. 
Dou^ai  fir,  0  per  cent  moiisturt«.,I...".H. 
Eastern  hemlock,  0  par  cent  moiitiw  
Long  leaf  yellow  pine,  0  per  cent  moisture" 
Mahogany,.,*,,,,.,..,  „..  „„..,«,„»„,».„. 

St*  footnotafl  on  firat  pog«  of  Table  2. 
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TABLE  2.    CONDUCTIVITIES  (&)  AND  CONDUCTANCES  (C)  OF  BUILDING  AND 
INSULATING  MATERIALS— Continued 

These  constants  are  expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  temperature  difference). 

Conductivities  (k)  are  per  inch  thickness  and  conductances  (C)  are  for  thickness  or 

construction  stated,  not  per  inch  thickness. 


Material 

Description 

DENSITY 
(!B  PER 
CD  FT) 

MEAN 
TEMP 

(FAHR 

DEQ) 

CONDUCTIVITY 

OK     * 

CONDUCTANCE 

RESISTANCE 

AUTHORITY  j 

Per  Inch 
Thickness 

(1) 

For 
Thickness 

Listed 

G) 

(ft) 

(0 

WOODS-(Continued) 

Hard  maple,  0  per  cent  moisture0  
Maple  

46.0 
44.3 
40.0 
32.0 
32.0 
48.0 
36.0 
34.0 
42.0 
28.0 
34.3 
30.0 
31.2 

75 
86 
75 
75 
75 
75 
75 
75 
75 
75 
86 
75 
86 

1.05 
1.10 
1.20 
0.74 
0.79 
1.18 
Q.91 
0.88 
0.95 
0.64 
0.96 
0.79 
0.78 
1.00 
0.41 
0.41 

0.36 

"» 

0.95 
0.91 
0.83 
1.35 
1.27 
0.85 
1.10 
1.14 
1.05 
1.56 
1.04 
1.27 
1.28 
1.00 
2.44 
2,44 

2.78 

~ 

(4) 

a> 
(3> 

it! 

(4) 
(4) 
(4) 
(4) 
(4) 
(1) 

8! 

(3) 
(1) 
U) 

(1) 

(3) 
1) 
0) 
(1) 

(3) 

(3) 
(3) 
(1) 

(3) 

(1) 
(3} 

1) 
1) 

.1 

1) 
I) 

(1) 
(1) 
(1) 

(4) 

Maple,  across  grain  ,  

Norway  pine,  0  per  cent  moisture0 

Red  cypress,  0  per  cent  moisture0  
Red  oak,  Oper  cent  moisture9  .,  
Short  leaf  yellow  pine,  0  per  cent  moisture*1 
Soft  elm,  (J  per  cent  moisture*  
Soft  maple,  0  per  cent  moisture0  
Sugar  pine,  0  per  cent  moisture*  
Virginia  pine  

West  coast  hemlock,  0  per  cent  moisture0 
White  pins  

Yellow  pine  ... 



Sawdust,  various  ,  

12.0 

8.8 

13.2 

90 
90 

90 

Shavings,  various  from  planer  
Shaving,  from  maple  oecch  and  birch 
(ooarafi)....,,  

— 

INSULATING  MATERIALS 
BLANKET  AND  BAT 
INSTJUTIONK  

Chemically  treated  wood  fibers  held 
between  layers  of  strong  paper..  
Bel  grass  between  strong  paper  
Eel  graaa  between  strong  paper  
Flax  fibers  between  strong  paper  
Chemically  treated  hog  hair  between 
kraft  paper....  

3.62 
4.60 
3.40 
4.90 

5.76 

7.70 
11.00 
LOO 

1.50 

4,21 
0.875 

6.25 
4.50 
2.45 
1,60 
0.555 
0.65 
13.00 
11.00 
7,80 

12,1 

4,5 

70 
00 
90 
&0 

71 

71 

75 
90 

70 

14 
72 

90 
90 
90 
90 
90 
90 
90 
90 
90 

75 

0.25 
0.26 
0.25 
0,28 

0.26 

0,28 
0,25 

0.24 

0,27 

0.28 
0.24 

0.25 
0.24 
0.24 
0.26 
0.29 
0.30 
0.26 
0,26 
0.28 

"6127 

0,40 

4.00 
3.85 
4.00 
3.57 

3.85 

3.57 
4.00 
4.17 

3,70 

3.57 
4.17 

4,00 
4.17 
4.17 
3.85 
3.45 
3,33 
3.84 
3.84 
3.57 

175 

"'""• 

Chemically  treated  hog  hair  between 
kraft  paper  and  asbestos  paper  
Hair  felt  between  layers  of  paper.,.,  
Kapok  between  burlap  or  paper  
Stitched  and  creped  expanding  fibrous 
blanket 

III 

Paper  and  asbestos  fiber  with  emulsified 
asphalt  binder  ,  .  ,  .    ,. 

CoHon.  insul&tinjj!  bttt         . 

2.50 

Cotton  fibers 
Short  Staple  Linters,  Fireproofed  
Short  Staple  Linters,  Fireproofed  
Short  Staple  Linters,  Fireproot'ed  
Short  Staple  L'mtcre,  Fireproofed  
Short  Staple  Lintors,  Fireproofed  

Short  Staple  Lmtcw,  Fireproofed  
Felted  cattle  hair,..,.,.....,  ,.„  ,  
Felted  cattle  hair  ,  
Felted  hair  and  asbestos  .„..,., 
Ground  paper  between  two  layers,  each 
M  in,  thick  made  up  of  two  layers  of 
kraft,  paper  (sample  M  in.  thick)  
Mineral  Wool  .  „  

RUFIKCW?!..,......  „»,,..„»,„. 

See  Table  1,  Section  C  ;,  



,... 



— 

3) 
3) 

(4) 
(3) 
(3) 

t6) 
UJ 

INSULATING  BOABD  ,  

Mtdo  from  sugar  can®  fiber...*,...,  ..„,..„„„„ 
Made  from  corn  stalks  *  ,.,.,  
Made  from  exploded  wood  filws  «... 
Made  from  hard  wood  fibers..**.  
Made  from  wood  fiber  .,.,,..,„  »  
Made  from  wood  fiber  
Made  from  wood  fiber  ,  ,,,..„,„  
Mwlo  Irons  wood  fiber,,.,,,,,..,,,,.,.*  .,..„.,.... 
Made  from  wood  fiber,  .„.»  
Mad®  from  wood  fiber  

13.5 

15.00 
17.90 
15.20 
15,00 
15,00 

TJo 

15,20 
10,90 

70 

71 
78 
70 

n 

70 
52 
72 

Jo 

0.33 
0.33 
0,32 
0.32 
0.33 
0.33 
0,33 
0.29 
0,3$ 
0,34 

••••• 

3.03 
3.03 
3.12 
3.12 
3.03 
3.03 
3.03 
3,45 
3.03 
2.94 



Beo  footnotes  on  first  page  of  Table  2* 
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TABLE  2.    CONDUCTIVITIES  (/c)  AND  CONDUCTANCES  (C)  OF  BUILDING  AND 
INSULATING  MATERIALS — Concluded 

These  constants  are  expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  temperature  difference). 

Conductivities  (k)  are  per  inch  thickness  and  conductances  (C)  are  for  thickness  or 

construction  stated,  not  per  inch,  thickness. 


MATERIAL 

DESCRIPTION 

i 
I 
If 

sO 
P 

MEAN  TEMP 
(FAHR  DEQ) 

CONDUCTIV- 
ITY OR 
CONDUCT- 
ANCE 

RESISTANCE 

>< 

§ 

0 

<j 

(3) 
CD 
(4) 

$ 

(3) 

CD 

CD 

(3) 
(3) 

ffl 

(3) 

[1) 

(4) 
(D 

CD 
(D 

CD 
(I) 

(4) 
0) 

(3) 

(?) 

(31 
(4> 

Per 
Inch 
Thick- 
ness 

0) 

For 

Thick- 
ness 
Listed 

(A) 

(&) 

(CO 

INSULATING  MATERI- 
ALS. 
—  Continued 
INSULATING  BOARD    

16.1 

18.5 
to 
21.8 
13.2 

81 
90 

0.34 

0.33 
to 
0.40 
0.34 

- 

2.94 

3.03 
to 
2,50 
2.94 

— 

—  Continued 

$  in.  insulating  boards  with- 
out special  finish/  (eleven 

in.  insmciib  ng  ooaro.  

LOOSE  FILL  TYPBJ 

Made  from  ceiba  fibers  ..... 

1.90 
1.60 

1.50 

9.40 
3.00 
5.00 

1.50 
4.20 

6.2 

8.10 
6.05 

to 

7.13 

5.74 
10.0 

75 
75 

75 

103 
90 
75 

75 
72 

90 

90 

90 
00 
00 
00 

90 
75 

70 

72 

0.23 
0.24 

0.27 

0.27 
0.31 
0.26 

0.27 

0.24 
0.48 

0.32 

0.31 
0.30 

to 
0.33 

0.30 

0.27 

JZ, 

4.35 

4.17 

3.70 

3.70 
3.22 
3.84 

3.70 

4.17 
2.08 

3.12 

3.22 
3.33 

to 
3.03 

3.33 
3.70 

2.04 
3.88 
3.70 
4,00 
3.45 
3,12 

3.57 

3.33 
2.17 
1.30 

z 

Made  from  ceiba  fibers  
Fibrous  material  made  from 
dolomite  and  silica 

Fibrous  material  made  from 
slag  

Redwood  bark        

Glass  wool  fibers  0.0003  in. 
to  0.006  in.  in  diameter.  .  .  . 
Granular  insulation   made 
from  combined  silicate  of 
lime  and  alumina        

Expanded  vcrmioulito 

Expanded  vermticulito,  par- 
ticle size—  —3  -j-  14 

Regranulatod  cork  about    % 

Hand     applied  ^  granular 
mineral  wool  2  in.  to  6  in, 
thick;     horizontal     posi- 
tion!1'.   No  covering    .... 

4  in.  machine  blown  granu- 
lar mineral  wool,  horizon- 
tal position^.    No  cover- 
ing      ,  .  .  ,   ..,.., 

Rock  wool  

SLAB  INSOLATIONS  

Corkboard,  no  added  binder. 
Cork  board,  no  added  binder. 
Corkboard  ,  no  added  binder. 
Corkboard,  no  added  binder, 
Corkboard0  

14.0 
10.6 
7.0 
6.4 
8.7 
14.6 

10.0 

13.8 
24.2 
20.8 

0.34 
0.30 
0.27 
0.25 
0.20 
0.32 

0,28 

0.30 
0.40 
0.77 

Corkboard,  asphaltic  binder, 
Chemically  treated  hog  hair 
with  film  of  asphalt  
Sugar  cane  fiber  insulation 
blocks  encased  in  asphalt 

Made  from  shredded  wood 
and  cement  .   .  ,  .  .          , 

Made  from  shredded  wood 
and  cement*  

See  footnotes  on  first  page  of  Table  2. 

materials  will  vary  with  density,  mean  temperature,  Bim  of  fibers  or  par- 
ticles, degree  and  extent  of  bond  between  particles,  moisture  present,  and 
the  arrangement  of  fibers  or  particles  within  the  material. 
The  effect  of  density  upon  conductivity  (at  constant  mean  temperature) 

is  illustrated  for  two  fibrous  materials  in  Fig.  1.  It  will  be  noted  that  for 
each  there  is  an  optimum  density  for  lowest  conductivity.  Typical  varia- 
tion of  conductivity  with  mean  temperature  is  shown  In  Fig.  2. 

Surface  Conductance 
The  surface  conductance  of  a  wall  is  the  combined  heat  transfer  to  or 
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from  the  wallaby  radiation,  convection  and  conduction.  Each  of  the  three 
portions  making  up  the  total  may  vary  independently  of  the  others,  thus 
affecting  the  total  conductance.  The  heat  transfer  by  radiation  between 
two  surfaces  is  controlled  by  the  character  of  the  surfaces  (emissivity), 
the  temperature  difference  between  them,  and  the  solid  angle  through  which 
they  see  each  other.  The  heat  transfer  by  convection  and  conduction  is 
controlled  by  the  roughness  of  the  surface,  by  air  movement  and  tempera- 
ture difference  between  the  air  and  the  surface. 

The  importance  of  the  effect  of  temperature  of  surrounding  surfaces 
on  the  surface  conductance,  due  to  the  effect  on  radiation,  is  illustrated  in 
Table  3,  which  applies  to  a  vertical  surface  at  80  F,  with  ambient  air  at 
70  F  and  effective  emissivity  equal  to  0.83. 3 

In  many  cases,  because  the  heat  resistance  of  the  internal  parts  of  the 
wall  is  high  compared  with  the  surface  resistance,  the  surface  factors  are 
of  minor  importance.  In  other  cases,  e.g.,  single  glass  windows,  the  surface 
resistances  constitute  almost  the  entire  resistance  and  are  therefore  very 
important.  In  a  building  heated  by  convection  there  is  only  a  slight  dif- 

TABLE  3.    VARIATION  IN  SURFACE  CONDUCTANCE  COEFFICIENT  WITH  DIFFERENT 
TEMPERATURES  OF  SURROUNDING  SURFACE 


SURROUNDING  SURFACE  TEMPERATURE 

75  F 

70  F 

69  F 

60  F 

50  F 

Convection  —  Btu  per  (hr)  (sq  ft)  

6.6 

6.6 

6.6 

6.6 

6.6 

Radiation  —  Btu  per  (hr)  (sq  ft)  

4.4 

8.6 

9.6 

17.0 

24.9 

Total—  Btu  per  (hr)  (sq  ft)  .. 

11.0 

15.2 

16.2 

23.6 

31.5 

ference  between  the  temperatures  of  the  interior  wall  surface  and  the  sur- 
roundings, but  if  the  building  is  heated  by  radiant  panels  there  may  be  a 
greater  difference.4  (See  also  Chapter  23.) 

The  convection  part  of  the  surface  conductance  coefficient  is  affected 
markedly  by  air  movement.  This  is  illustrated  by  Fig.  3,  which  shows 
the  surface  conductances  for  different  materials  at  a  mean  temperature  of 
20  F  and  for  wind  velocities  up  to  40  mph.  These  include  the  radiation 
portion  of  the  coefficient,  which  for  ordinary  building  materials  under 
these  conditions  would  be  constant  at  about  0.7  Btu. 

Due  to  these  variations  for  different  conditions,  the  selection  of  surface 
conductance  coefficients  for  a  practical  building  becomes  a  matter  of  judg- 
ment. In  calculating  the  overall  heat  transmission  coefficients  for  the 
walls,  etc.,  of  Tables  5  to  18, 1.65  has  been  selected  as  an  average  inside  sur- 
face conductance,  and  6.0  as  an  average  outside  surface  conductance  for  a  15- 
mile  wind.  These  values  apply  only  to  ordinary  building  materials,  and 
should  not  be  used  for  bright  metal  surfaces  having  a  low  emissivity. 

In  special  cases,  where  surface  conductance  c6efficients  become  impor- 
tant factors  in  the  overall  rates  of  heat  transfer,  more  selective  coefficients 
may  be  required.  The  surface  conductance  values  given  in  Table  1,  Sec* 
tion  A  are  based  on  recent  tests,  and  are  for  still  air  conditions  and  surface 
emissivities  of  0.83  and 0.05,  respectively,  and  maybe  used  where  it  is  de- 
sirable to  differentiate  between  horizontal  and  vertical  surfaces  or  where 
coefficients  applicable  to  low-emissivity  surfaces  are  required. 

Air  Space  Conductance 
The  transfer  of  heat  across  an  air  space  involves  the  boundary  surfaces 
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as  well  as  the  Intervening  air,  consequently,  the  factors  influencing  surface 
conductance  play  an  Important  part  in  determining  the  conductance  of 
the  air  space.  The  coefficients  given  for  air  space  conductance  represent 
the  total  conductance  from  surface  to  surface. 

The  radiation  portion  of  the  coefficient  is  affected  by  the  difference  in 
temperature  between  the  boundary  surfaces  and  by  their  respective  ernis- 
sivities,  ^and  is  practically  independent  of  depth.  The  convection  and 
conduction  transfer  is  controlled  by  depth  and  shape  of  the  air  space,  the 
roughness  of  the  boundary  surfaces,  the  mean  temperature  and  the  direction 
of  heat  flow.  For  air  spaces  usually  employed  in  building  construction, 
the  radiation  and  convection  factors  vary  independently  of  each  other. 


15  20  25 

AIR  VELOCITY,  M.  P.  H, 

FIG.  3,  CUKVEB  SHOWING  BBLATION  BETWEEN  SURFACE  CONDUCTANCES  FOB 
DOTJSBBNT  SUBFACJBS  AT  20  F  MEAN  TBMPBEATUKB 

Table  1,  Section  B  gives  experimentally-determined  conductances  of 
vertical  air  spaces  bounded  by  such  materials  as  paper,  wood,  plaster,  etc,, 
havang  emissivity  coefficients  of  0.8  or  higher,  and  having  extended  parallel 
surfaces  perpendicular  to  the  direction  of  heat  flow.  The  conductances 
decrease  as  the  depth  is  increased,  but  change  only  slightly  for  spaces 
greater  than  f  in.  Air  space  tests  reported  by  Wilkes  and  Peterson,  gave 
conductance  values  for  air  spaces  of  3f  in.  depth  having  boundary  surfaces 
with  emissivity  values  of  0.83  as  follows  f 

Vertical,  , ,, , ,  jt  17 

Horizontal  (heat  flow  upward) » .  1,32 

Horizontal  (heat  flow  downward) 0,94 

Since,  in  buildings,  the  same  constructions  may  be  used  for  conditions 
where  the  direction  of  heat  flow  may  be  in  one  direction  or  Its  opposite, 
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and  since  much  of  the  construction  involves  vertical  air  spaces,  an  average 
value  of  1.10  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  temperature 
difference)  was  chosen  for  use  in  calculating  the  overall  coefficients  in 
Tables  5  to  18  wherever  air  spaces  f  in.  or  more  in  depth  were  involved, 

If  one  or  both  boundary  surfaces  of  an  air  space  are  faced  with  metals 
which  have  low  emissivity  surfaces,  the  radiant  heat  transfer  will  be  greatly 
reduced  in  comparison  with  that  occurring  from  surfaces  of  ordinary  build- 
ing materials.  Table  1,  Section  C  gives  conductances  and  resistances  of 
air  spaces  bounded  by  one  reflective  surface  with  an  emissivity  of  0.05. 
These  values  include  heat  transferred  both  by  radiation  and  convection, 
but  the  radiation  component  is  relatively  small  for  the  test  conditions. 

When  reflective  materials  are  installed  with  single  or  multiple  air  spaces, 
the  position  (vertical,  horizontal  or  inclined)  of  the  material  and  the  direc- 
tion of  heat  flow  must  be  taken  into  consideration.  For  example,  the  re- 
sistance to  upward  heat  flow  is  about  one-third  the  resistance  to  downward 
heat  flow  in  a  horizontal  position  (Table  1,  Section  C).  The  difference 
between  the  conductance  through  vertical  air  spaces  and  that  through  hor- 
izontal and  sloping  air  spaces  with  upward  heat  flow  is  considerably  less. 
For  upward  heat  flow,  it  is  recommended  that  a  value  of  0.46  be  used  for 
the  conductance  of  horizontal  or  sloping  air  spaces  bounded  on  one  side  by 
reflective  materials  having  an  emissivity  of  approximately  0.05.  The 
same  conductance  value  is  also  recommended  for  similar  vertical  air  spaces. 

When  considering  heat  transfer  to  and  from  reflective  surfaces  in  building 
construction,  the  emissivity  should  be  known.  This  can  be  determined 
directly  for  the  long  wave  length  radiation  corresponding  to  average  room 
and  wall  temperatures.  The  possibility  of  change  in  emissivity  with  time 
of  exposure  due  to  surface  coatings,  chemical  action,  deposition  of  dust, 
etc.,  must  be  considered  in  selecting  a  material  for  use.6 

PRACTICAL  COEFFICIENTS  AND  THEIR  USE 

For  practical  purposes  it  is  necessary  to  have  average  coefficients  that 
may  be  applied  to  various  materials  and  types  of  construction  without  the 
necessity  of  making  actual  tests.  In  Table  2  coefficients  are  given  for  a 
group  of  materials  which  have  been  selected  from  tests  by  various  author- 
ities. Since  there  is  some  variation  in  the  resulting  values  due  to  varia- 
tions in  materials  and  in  test  conditions,  average  values  for  the  usual  con- 
ditions encountered  in  building  practice  have  been  selected  and  listed  in 
Table  4.  These  coefficients  were  used  in  the  calculation  of  overall  coeffi- 
cients given  in  Tables  5  to  18.  These  tables  constitute  typical  examples  of 
combinations  frequently  used,  but  any  special  constructions  not  given  can 
be  computed  by  the  use  of  the  conductivity  values  in  Table  2  and  the  fun- 
damental heat  transfer  formulas. 

Caution 

The  user  should  realize  that  the  average  conductivity  and  conductance 
values  given  in  Tables  2  or  4  do  not  necessarily  apply  to  all  products  of  the 
same  general  description.  In  using  these  values  judgment  should  be  exer- 
cised with  regard  to  the  extent  to  which  the  product  (either  as  received  or  as 
applied)  will  comply  with  the  tabulated  values.  Exact  conductivities  or 
conductances  for  specific  materials  should  be  obtained  from  the  maker. 

Insulating  Materials 

In  order  to  determine  the  benefit  derived  from  the  addition  of  insulating 
materials  to  a  given  contraction,  the  overall  coefficient  of  heat  transmis- 
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TABLE  4.    CONDUCTIVITIES  (&)  AND  CONDUCTANCES  (C)  USED  IN  CALCULATING  HEAT 
TRANSMISSION  COEFFICIENTS  (17)  IN  TABLES  5  TO  18 

These  constants  are  expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  temperature  difference), 

Conductivities  (k)  are  per  inch  thickness  and  conductances  (C)  are  for  thickness  or 

construction  stated,  not  per  inch  thickness. 


MATERIAL 

DESCRIPTION 

CONBUCnVlCT 

OB 

CONDUCTANCE 

RBSISTANCB 

Per  Inch 
Thickness 

(1) 

For 
Thickness 

Listed 

a) 

W 

(C) 

AIE  SPACES 

BOUNDED  BY  OBDINABY  MATEBULS....... 

BOUNDED  BY  A,LtnmNUM  Fon«....»  

Vertical*51,  %  In,  or  more  In  width  
Vertical0,  %  in.  or  more  in  width  ,  



1.10 
0.46 



0.91 
2.17 

EXTEBJOE  FINISHES  (Frame  Walls) 
BBICK  VBNKBB  
STUCCO  (1  IN.)  

4  in.  thick  (nominal)  

12.50 

2.27 

"128 
1.28 

bis 

0.44 

0.78 

0.78 

WOOD  SEINQMS  
YJBLLOW  PINM  LAJP  SIDING  ,  

INSULATING  MATERIALS 
ALUMINUM  FOIL     

Se©  Air  Spaces  

"o'iV 

0.30 
0.33 
0.27 
0.48 

8.70 

S.33 
3.03 
3.70 
2.08 

II 

BATS  AND  BLANKSTB  ,„.-..-    ..  .. 

Made  from  t  mineral  or  vegetable  fiber  or 
animal  hair,  enclosed  or  open~....-....«.,... 
Pure,  no  addou  binder  
Vegetable  fiber.  „«.._..„.. 
Fiber  made  from  rock,  alas  or  glass,-^.  —  „„ 



CoBKBOXnD  ,  
INBUIATING  BOABD  
MINERAL  WOOL.    ..  » 

VEaMICTHTH  «  

Expanded  ,-.«««..»>,    .....  .  -.  -  

INTERIOR  FINISHES 
COMPOSITION  WALLBOARD  ,  

GTPSUM  PIASTER                    .. 

%  to,  to  %  in.  thick..,,..  ,  

0.50 
3.30 

"3.70 

2.4 
0.6& 

0.60 

0.31 

4.40 
2.12 
2,50 

2.00 
0.30 

0.27 

0.42 
1.52 

1.67 

3,18 
0.23 
0,47 
0.40 

GlPSUM  BOAED  (%  IN.)  

GYPSUM  LATH  (M  *N.)  ANDPUBOTS.... 
INSULATING  BOAKD(H  IN.)  

Plain  or  decorated  ,  
Plaster  thicknees  assumed  H  in  
Plain  or  decorated  

INSULATING  BOABD  LATH  fez  IN.)  AND 

PLASMS     ,    -  

Plaster  thickness  assumed  H  ln»—  

Plaster  thickness  assumed  H  in  
Plaster  thickness  assumed  M  in  
Haiti  or  decorated  ,  



INSULATING  BOAKD  LATH  (1  IN.)  AND 
PIASTER,.,..,,.,,,.,  ,  ,  
METAL  LATH  AN»PLASTBK....-  

PWWQOD  (JJ'jj  IN.)  

WOOD  LATH  AND  PLASTKB  ,..,  

MASONRY  MATERIALS 
BBICK  
BBICK     .        . 

Adobe,  assumed  4  in.  thick..........u..».»......   , 

2?,ob 

O.B9 

1.25 
2.30 

»,...» 

1.12 

o.go 

0.48' 

0.7S 
LOO 
1*67 

1J7 
1.72 

2JO 
8.2^ 

0.78 

too- 

LOO 
1.25 
LW 
1J8 
2,00 
2.W 

LM 
2,18 

Coromon,  assumed  4  in  thick.     ,    ....  . 

BBICK.  

Face,  assumed  4  in,  thick.   «,  .  ...,„.,, 

0.08 

3  IN.  CLAY  TILBJ  (HOLLOW  

1,28 
1.00 
0,M 
0.60 
0^8 
0.40 
OJ1 

"j'ls 
too 
too 

0,«0 

0*00 
0,53 
0.&0 
0*47 

Tfi 
0.10 

4  IN,  CLAY  TIMJ  (HOLLOW  

olo 
o.os 

0J0 

ojSi 

0,08 
0,08 

6  IN.  CLAY  TIUD  (HOLLOW  
8  IN.  CLAY  TILB  (HOLLOW  

-  



10  IN.  CLAY  TIM  (HOLLOW),...,  
12  IN.  CLAY  TILB  (HOLLOW/,,  

16  IN.  CLAY  TOM  (HOLLOW)  
CONCERTO  ,  ,  
CoNCBim  „  ,  

3  IN.  CoNCBBTB  BLOCKS  ,.  ...,„,. 

" 

Light  weight  aftgregaW'.  
Sand  and  gravel  aggregate,,,,  
Hollow,  cinder  aggregate     ...  ,.,  .  ,  ... 

2,50 
12.00 

4  IN.  CONCBTOB  BLOCKS........*.  

8  IN,  CONCEITS  BLOCKS,..  

12  IN.  CONCRETE  BLOCKS  

Hollow,  cinder  aggregate  „,  „.......,  
Hollow,  gravel  aggregato....,,,,,.*.,,.,,.,,,,,,,,.,,.,,,, 
Hollow*  gravel  aggregate  ,  „  ,.  , 

8  IN.  CONCBBTI  BLOCKS  
12  IN,  CONCBUTW  BLOCKS..  ,  „.,  , 

Hollow,  cinder  aggregate,.,,  «.,  „ 
Hollow*  cinder  aggregate  „„  „.„,,„„ 



8  IN.  CONCBITI  BLOCKS  
12  IN.  CONCBITfl  BLOCKS  

GYPSUM  «BHH  CONCBBTI  

3  IN.  GYPSUM  OTLBL.,,.  »  » 
4  IN.  GYPSUM  TOM  ,,,.„.„  
STUCCO  ,  „            *              , 

Hollow,  light  we®jt  aggregate*  
Hollowi  light  weight  aggrogat^.,,....,,,,,  „, 
87H  per  cent  gyps«w  and  12^  per  cent 
wood  chip,  ,  ..,  ,,,  
Hollow..,  ,  „„„.,.,«„„*  ,.,.,  „„ 
HoUow  ,  ,  1J  

tee 
WA 

12,00 

12,50 

TlLH  AND  TEBBAZZO........  

STONE,—  —»„_.„...».»..«......«....    .mM..M.. 

For  flooring..,,.,,,.,,,,.  .„.„.,„  „.,,  ,  

a  Conductance  valuta  for  horizontal  air  spaces  depend  on  whether  the  heat  flow  I®  upward  or  downward, 
but  In  moat  oases  it  is  sufficiently  accurate  to  use  the  same  values  for  horizontal  tu  f off  vortioal  air  ffpmes 
6  Expanded  slag,  burned  olay  or  pumice. 
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TABLE  4.    CONDUCTIVITIES  (k)  AND  CONDUCTANCES  (C)  USED  IN  CALCULATING  HEAT 
TRANSMISSION  COEFFICIENTS  (U)  IN  TABLES  5  TO  18— Concluded 

These  constants  are  expressed  in  Btu  per  (hour]  (square  foot)  (Fahrenheit  degree  temperature  difference). 

Conductivities  (k)  are  per  inch  thickness  and  conductances  (C)  are  for  thickness  or 

construction  stated,  not  per  inch  thickness. 


MATERIAL 

DESCRIPTION 

CONDUCTIVITY 

„      oa 
CONDUCTANCE 

RESISTANCE 

Per  Inch 
Thickness 

tt) 

For 
Thickness 
Listed 

(*) 

(k) 

(0 

ROOFING  MATERIALS 
ASBESTOS  SHINGLES  

6.00 
6.50 
3.53 
6.50 
20.00 
1.28 

o.'io 

0.17 
0.15 
0.28 
0.15 
0.05 
0.78 

ASPHALT  SHINGLES  

Buii/tvop  ROOFING  

Assumed  thickness  iH!  in 

iolbo 

HEAVY  ROLL  ROOFING  

SLA.TB  

Assumed  \£  >n 

WOOD  SHINGLES  

SHEATHING 
GYPSUM  (K  IN.)  

2.82 
0.42 
2.56 
102 



0.35 
2.37 
0.39 
0.98 
1,16 

INSULATING  BOAKD  (35/^  IN.)  



PLTWOOD  (%  IN.)  

FIR  OH  YELLOW  PINE  (1  IN.)  
FlR,  PLUS  BUILDING  PAPER  

Actual  thickness  ^  in  

Actual  thickness  as/^  in  

0.86 



SURFACES 
STILL  AIR  

Ordinary  non-reflective  materials,  vertical... 
Ordinary  non-reflective  materials,  vertical... 



1.65 
6.00 



0.61 
0.17 

15  MPH  WIND  VELOCITY  

WOODS 

FlE  SHEATHING  (I  IN.)  BUILDING  PAPKK 

AND  YELLOW  PINE  LAP  SIDING  

0.50 

2.00 

MAPLE  on  OAK  

1.15 

0.87 
1.25 

YELLOW  PINS  OR  Fm  

0.80 



sion  £7i  of  the  insulated  construction  may  be  compared  with  the  corre- 
sponding coefficient  U  without  insulation.  Attention  is  called  to  the 
necessity  of  applying  the  insulating  material  in  accordance  with  the  manu- 
facturer's specification.  The  engineer  must  evaluate  carefully  the  eco- 
nomic considerations  involved  in  the  selection  of  an  insulating  material 
as  adapted  to  various  building  constructions.  Lack  of  proper  evaluation, 
or  improper  installation  may  lead  to  unsatisfactory  results. 

Computed  Heat  Transmission  Coefficients 

Computed  overall  heat  transmission  coefficients  of  many  common  types 
of  building  construction  are  given  in  Tables  5  to  18,  inclusive,  each  coeffi- 
cient being  identified  by  a  serial  number,  except  in  Table  18.  For  example, 
the  coefficient  U  of  a  brick  veneer,  frame  wall  with  wood  sheathing  and 
^-inch  of  plaster  on  gypsum  lath  is  0.27  (Wall  No.  28-C  in  Table  5)  and  with 
2«inches  of  blanket  or  bat  insulation,  the  coefficient  would  be  0.097  (No. 
49-B  in  Table  6). 

In  the  analysis  of  any  wall  construction  for  the  purpose  of  calculating 
the  overall  coefficient  of  heat  transmission  U,  it  is  first  necessary  to  deter- 
mine the  paths  of  heat  flow,  that  is,  whether  they  are  parallel  or  series, 
or  a  combination  of  both.  This  is  in  accordance  with  the  basic  laws  of  heat 
transfer  which  state  that  in  parallel  flow  the  conductances  are  additive, 
while  in  series  flow  the  resistances  are  additive.  Likewise,  in  order  to  de- 
termine the  total  resistance  for  the  wall,  the  conductance  must  be  known. 

The  importance  of  this  analysis  cannot  be  over-emphasized.  This  is 
especially  true  in  wall  constructions  in  which  there  are  parallel  paths  of 
heat  flow,  and  one  path  has  a  high  heat  transfer,  while  others  have  a  low 
heat  transfer. 

The  method  of  making  this  calculation  can  best  be  shown  by  the  fol- 
lowing example  and  Fig.  4.  A3  this  wall  was  tested  by  the  hot  box  method 
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at  the  University  of  Minnesota,  a  direct  comparison  can  be  made  between 
calculated  and  tested  values. 

Example  1.  Calculate  the  coefficient  of  heat  transmission  U  for  wall  as  shown  ^in 
Fig.  4.  Wall  construction  consists  of  two  4-inch  concrete  walls  separated  by  a  2J  in. 
space  filled  with  insulation;  J-in.  diameter  metal  tie  rods  are  imbedded  a  distance  of 
1-in.  in  each  4  in.  concrete  wall  and  spaced  9  in.  vertically  and  12  in.  horizontally. 
Values  of  fc  are:  insulation  0.30,  concrete  12.00,  tie  rods  400.00. 

In  Fig.  4  the  following  paths  of  heat  flow  from  plane  A  to  plane  F  will  be  noted : 

1.  From  A  to  B:  One  path  through  3  in.  of  concrete. 

2.  From  B  to  C:  Two  paths;  (a)  through  1  in.  of  tie  rod  and  (b)  through  1  in.  of 
concrete. 

3.  From  C  to  D:  Two  paths;  (a)  through  2J  in.  of  tie  rod  and  (b)  through  2|  in. 
of  insulation. 

4.  From  B  to  E:  Two  paths;  (a)  through  1  in.  of  tie  rod  and  (b)  through  1  in.  of 
concrete. 

5.  From  E  to  F:  One  path  through  3  in.  of  concrete. 

It  will  be  noted  that  items  2  and  4  are  paths  of  similar  flow  and  could  be  treated 
as  one.  If  equilibrium  or  steady  state  heat  transfer  is  assumed,  there  will  exist  a  tern- 


FIG.  4.  SECTION  OF  CONCBETJB  WALL  HAVING  STEEL 
Tin  BODS  AND  INSULATION 


perature  difference  between  the  metal  tie  rod  and  the  concrete,  and  also  between  the 
metal  tie  rod  and  the  insulating  material.  The  rate  of  heat  transfer  between  these 
materials  is  dependent  upon  their  conductivity  values  and  the  temperature  difference- 
As  the  conductivity  of  the  metal  tie  rods  is  considerably  higher  than  that  of  the 
concrete  or  insulating  material,  it  cannot  be  assumed  that  the  same  rate  of  heat 
transfer  takes  place  for  all  parallel  paths.  Likewise,  an  appreciable  error  would 
be  made  by  assuming  that  no  heat  transfer  takes  place  between  the  metal  tie  rod  and 
the  surrounding  materials.  Although  the  pattern  of  the  isotherms  is  unknown,  the 
following  method  of  calculation  does  partially  take  into  account  the  Eeat  flow  be- 
tween the  metal  tie  rods  and  its  bounding  materials* 

Parallel  Flow.  The  conductances  through  the  areas  of  parallel  heat  flow 
may  be  determined  as  follows: 

L  The  area  of  each  l-in.  diameter  tie  rod  is  0.0036  square  feet  and  as  the  tie  rods  are 
spaced  9  inches  vertically,  and  12  inches  horizontally,  there  will  b©  0.00036  X  |  «* 
0.00048  square  feet  of  tie  rod  to  each  square  foot  of  wall  area*  Then  from  plane  B  to 
plane  C»  the  conductance  <7i  is 


0.00048     400     0,09952      12 
_  x  -+-JJ-  X-  -0.192 


- 

fr.  1UM 
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2.  For  Tie  Rod  and  Insulation  from  plane  C  to  plane  D  the  conductance  Ca  is 


3.  For  Tie  Rod  and  Concrete  from  plane  D  to  plane  E  the  conductance  C*  is 
0.00048      400      0.99952      12 

Cl  =  _____  x  _  +  ___  x  _  =  0.192  +  1L994  _  m86 

Series  Flow.    After  the  conductance  values  have  been  determined,  the  total  re- 
sistance and  U  value  for  the  wall  can  be  determined  as  follows: 


R  .  JL  .  M  . 

"*"         "*" 


1.65      12.0      12.186      0.197      12.186      12.0      6.0 
#T  =  0,606  +  0.260  +  0.0821  4-  5-076  +  0.0821  -f  0.250  +  0.167  «  6.513 

17  =        -  -  °'153  Btu  Per  frr) 


The  Hot  Box  test  value,  from  University  of  Minnesota,  for  this  wall 
corrected  for  a  15  mph  wind  velocity  was  U  *  0.150  Btu  per  (hr)  (sq  ft) 
(F  deg).  The  error  between  the  calculated  and  test  values  would  be 

0.153  -  0.150  ^  1ftn      0 
-  ^—7;  -  X  100  =  2  per  cent. 
0.150 

If  the  effect  of  the  tie  rods  were  omitted  from  the  calculations,  the  over- 
all U  value  would  be  0.103.  Although  the  percentage  of  area  occupied 

c\  (\C\AQ. 
by  the  tie  rods  per  square  foot  of  wall  area  is    '   fl     X  100  *»  0.048  per 

cent,  the  error  between  the  calculated  and  test  values  would  be 

0.150  -  0.103  ^  inn      AK 

X  100  =  45  per  cent. 


In  making  the  calculations  for  values  of  U  shown  in  Tables  5  to  18,  the 
following  conditions  have  been  assumed: 

Equilibrium  or  steady-state  heat  transfer,  eliminating  effects  of  heat  capacity. 
Surrounding  surfaces  at  ambient  air  temperatures. 
Exterior  wind  velocity  of  15  mph. 

Surface  emissivity  of  ordinary  building  materials  «=  0.83. 
No  correction  for  position  or  direction  of  heat  flow.    (Average  coefficients  used), 
Air  spaces  are  }  in.  or  more  in  width. 
Variation  of  conductivity  with  mean  temperature  neglected. 
Corrections  for  framing  made  on  basis  of  parallel  heat  flow  through  2  X  4  in.  (nomi- 
nal) studs,  16  in.  on  centers,  the  framing  covering  15  per  cent  of  wall  area. 
Actual  thicknesses  of  lumber  assumed  to  be  as  follows: 

Nominal  Actual 


1  in,    (S-2-S 
1J  in.  (S-2-S 

2  in.    (S-2-S 
2im.  (S-2-S 

3  in.    (S-2-S 

4  in.    (S-2-S 

Finish  flooring,  (maple  or  oak) ,  — ....  1& 


m. 


184 


CHAPTER  9 


1950  Guide 


TABLE  5.    COEFFICIENTS  OF  TEANSMISSION  (17)  OF  FRAME  WALLS 

Coefficients  are  expressed  in  Btu  per  (hour}  (square  foot)  (Fahrenheit  degree  difference  in  temperature  between 
the  air  on  the  two  sides),  and  are  based  on  an  outside  wind  velocity  of  15  mph. 

No  INSULATION  BETWEEN  STUDS°  (SEE  TABLE  6) 


TYPE  OF  SHEATHING 

PLY- 

WOOD/ 

INSTTL- 

8 

EXTERIOR  FINISH 

INTERIOR  FINISH 

GYPSUM 

WOOD 

ATTNQ 

1 

(3^  IN. 

(5^5  IN. 

THICK) 

BOAHD 

j2j 

THICK) 

THICK) 

BLDG. 

»3 

PAJPBR 

THICK) 

1 

A 

B 

C 

D 

WOOD  SIDING 

(Clapboard) 

/TW            Woop 

Metal  Lath  and  Plaster*  

0.33 

0.32 

0.26 

0.20 

1 

V  —       ./Ifffft/g. 

Gypaum  Board  (f6  in.)  Decorated  

0.32 

0.32 

0.26 

0.20 

2 

fi&fS^^*-' 

Wood  Lath  and  Plaster  

0.31 

0.31 

0,25 

049 

3 

Tr  1       *t 

Gypsum  Lath  (%  in.)  Plastered0  „  

0.31 

0.30 

0.25 

049 

4 

y& 

ffl 

Plywood  (%  in.)  Plain  or  Decorated  .- 
Insulating  Board  ^  in.)  Plain  or  Decorated.... 
Insulating  Board  Lath  (%  in.)  Plastered*  k 
Insulating  Board  Lath  (1  in.)  Plastered'..  

0.30 
0.23 
0.22 
047 

0.30 
0.23 
0.22 
047 

0.24 
049 
049 
045 

049 
046 
045 
042 

5 
6 
7 
8 

J'HEOTtt.lMG 

WOOD*  SHINOLKB 

/Ttf&\        WOOJ> 

Metal  Lath  and  Plaster*...,,  

0.25 

0.25 

0.21 

047 

9 

Gypsum  Board  (%  in.)  Decorated  
Wood  Lath  and  Raster         

0.25 
0.24 

0.25 
0.24 

0.21 
0.20 

047 
046 

10 
11 

ST/1  IT 

Gypsum  Lath  (%  in.)  Plastered*,.....  

0.24 

0.24 

0.20 

046 

12 

^Mj'Tr^r'if 

TjJI  ff 

Plywood  (M  in.)  Plain  or  Decorated  

0.24 

0,24 

0,20 

046 

13 

-c2»~*"""*^ 

/|  |\ 

Insulating  Board  (%  in.)  Plain  or  Decorated... 

049 

049 

0.17 

„  044 

14 

jf^£*R 

^ 

Insulating  Board  Lath  (M  in.)  Plastered"  
Insulating  Board  Lath  (l  in.)  Plastered*...,.  

049 
044 

048 
044 

0.17 
043 

043 
041 

15 
16 

/MCA.T 

WWtfi 

STUCCO 

./"TUPA      /TUCCO^ 

Metal  Lath  and  Plaster*  

0.43 

0,42 

0,32 

0,23 

17 

Gypsum  Board  (%  in.)  Decorated  

0.42 

0.41 

OJI 

0.23 

18 

fa^^^^^r 

Wood  Lath  and  Plaster.  

0.40 

0.39 

0.30 

0.22 

10 

Gypsum  Lath  (%  in.)  Plastered".....  „  ,  
Plywood  (%  in.)  Plain  or  Decorated  ., 

0.39 
0.39 

0,39 
0.38 

0.30 
0.20 

0,22 

0.22 

20 
2! 

J& 

A 

Insulating  Board  Oi  in.)  Plain  or  Decorated.,., 
Insulating  Board  Lath  (^in.)  Plastered"  
Insulating  Board  Lath  (1  in.)  Plantered-  

0.27 
0.26 
049 

0.27 
0.20 
049 

0.22 
0.22 
046 

048 
047 
044 

22 
23 

24 

/HEAT 

rfWfiJ 

BmcK  VENEER" 

/W/\^Jil^!i 

Metal  Lath  and  Plaster*  

0.37 

0.36 

0.28 

OJl 

25 

.I^^^ST^ 

Gypeum  Board  (H  in.)  Decorated  

0,36 

OJ6 

0.28 

0.21 

26 

i^^^Ss 

IF  W 

Wood  Lath  and  Plaster  ,,..  ,„„,.,. 

0.35 

0.34 

0.27 

0,20 

27 

I  ?^7rE&iir 

IP 

Gypsum  Lath  (HJn.)  Plastered*  «  
Plywood  (H  in.)  Plain  or  Decorated  

0,34 
0.34 

0,34 
0.33 

0.27 
0.27 

0,20 
OJO 

23 
29 

>r"^ 

UM 

/KtA-T 

MN<F 

Insulating  Board  (H  in.)  Plain  or  Decorated.... 
Insulating  Board  Lath  (H  in.)  Pla0tered«,.~.,..,. 
Insulating  Board  Lath  (lm.)  Plastered*,,.,.  „ 

0,25 
0,24 
048 

0.25 
0.24 
048 

0.21 
0.20 
04S 

047 
046 
043 

30 

31 
32 

a  Coefficients  not  weighted;  effect  of  studding  neglected. 

6  Plaster  assumed   !  in.   thick. 

"Plaster  assumed  \  in.   thick. 

d  Furring  strips  (1  in,  nominal  thickness)  between  wood  shingles  and  all  sheatMngs  except  wood* 

*  Small  air  space  and  mortar  between  building  paper  and  brick  veneer  neglected, 

f  Nominal  thickness,  1   in» 
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TABLE  6.    COEFFICIENTS  OF  TKANSMISSION  (U)  OF  FRAME  WALLS  WITH  INSULATION 

BETWEEN  FRAMING*-  6 

Coefficients  are  expressed  in  Btu  per  (hour')  (square  foot')  (Fahrenheit  degree  difference  in  temperature  between 
the  air  on  the  two  sides),  and  are  based  on  an  outside  wind  velocity  of  15  mph. 


COEFFICIENT 

WITH    NO 

INSULATION 

BETWEEN1 

FRAMING 

COEFFICIENT  WITH  INSULATION  BETWEEN  FRAMING 

& 

MINERAL  WOOL  OB  VEGETABLE  FIBERS  m  BLANKET  OR  BAT  FORM* 
(Thickness  below) 

3%iw. 
MINERAL  Woor. 

BETWEEN  FRAMING* 

llN. 

2m. 

3  IN. 

A 

B 

c 

D 

0.11 
0.12 
0.13 
0.14 
0.15 

0.078 
0.083 
0.088 
0.092 
0.097 

0.063 
0.067 
0.070 
0.072 
0.075 

0.054 
0.056 
0.058 
0.061 
0.062 

0.051 
0.053 
0.055 
0.057 
0.059 

33 
34 
35 
36 
37 

0.16 
0.17 
0.18 
0.10 
0.20 

0.10 
0.10 
0.11 
0.11 
0.12 

0.078 
0.080 
0.082 
0.084 
0.086 

0.064 
0.066 
0.067 
0.069 
0.070 

0.060 
0.062 
0.063 
0.065 
0.066 

38 
39 
40 
41 
42 

0.21 
0.22 
0.23 

0.24 
0.25 

0.12 
0.12 
0,12 
0.12 
0.13 

0.088 
0.089 
0.091 
0.093 
0.094 

0.072 
0.073 
0.074 
0.075 
0.076 

0.067 
0.068 
0.069 
0,070 
0.071 

43 
44 
45 
46 
47 

0.26 
0.27 
0.28 
0.29 
0.30 

0.13 
0.14 
0.14 
0.14 
0.14 

0.096 
0.097 
0.098 
0.10 
0.10 

0.077 
0.078 
0.079 
0.080 
0.080 

0.072 
0.073 
0.073 
0.075 
0.075 

48 
49 
50 
51 
62 

0.31 
0.32 
0.33 
0,34 
0,35 

0.14 
0.15 
0.15 
0.15 
0.15 

0.10 
0.10 
0.10 
0.10 
0.11 

0.081 
0.082 
0.083 
0.083 
0.084 

0.076 
0.077 
0.077 
0.078 
0.078 

53 
54 
55 
56 
57 

0.36 
0.37 
0.38 
0.39 
0.40 

0.15 
0.16 
0.16 
0.16 
0,16 

o.u 

0.11 
0.11 
0.11 
0.11 

0.085 
0.085 
0.086 
0.088 
0,087 

0.079 
0.080 
0,080 
0.081 
0.082 

58 
59 
60 
61 
62 

0.41 
0.42 
0.43 
0.44 

0.16 
0.16 
0.17 
0.17 

0.11 
0,11 

o.u 

0.11 

0.087 
0.088 
0.088 
0.089 

0.082 
0.082 
0.082 
0.083 

63 
64 
65 
66 

fl  This  table  may  bo  used  for  determining  the  coefficients  of  transmission  of  frame  constructions  with  the 
typos  and  thicknesses  of  insulation  indicated  in  Columns  A  to  D  inclusive  between  framing.  Columns  A, 
B  and  C  may  be  used  for  walls,  ceilings  or  roofs  with  only  one  air  space  between  framing  but 
are  not  applicable  to  ceilinp  with  no  flooring  above.  (See  Table  1 1 .)  Column  D  is  applicable  to  walls  only. 
Example:  Find  tho  coefficient  of  transmission  of  a  frame  wall  consisting  of  wood  siding,  $S  in.  insulating 
board  sheathing.  Htuds,  gypmim  lath  and  plaster,  with  2  in.  blanket  insulation  between  Btuds,  According 
to  Table  5,  a  wall  of  this  construction  with  no  imulation  between  studs  has  a  coefficient  of  0.19  (Wall  No,  40). 
Eeferring  to  Column  B  above,  it  will  be  found  that  a  wall  of  this  value  with  2  in,  blanket  insulation  between 
the  studs  has  a  coefficient  of  0.084* 

&  Coefficients  corrected  for  2  x  4  framing,  10  in.  on  centers-— 15  per  cent  of  surface  area. 

*  Based  on  one  air  space  between  framing. 

*No  air  space. 
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Coefficients  for  frame  construction  are  corrected  for  the  effect  of  framing 
where  such  correction  would  increase  the  coefficients,  but  not  where  the 
correction  would  decrease  the  coefficients. T 

It  should  be  noted  that  the  effects  of  poor  workmanship  in  construction 
and  installation  have  an  increasingly  greater  percentage  effect  on  heat 
transmission  as  the  coefficient  becomes  numerically  smaller.  Failure  to 
meet  design  estimates  may  be  caused  by  lack  of  proper  attention  to  exact 
compliance  with  specifications,  and  a  factor  of  safety  may  be  employed  as  a 
precaution  when  it  is  judged  desirable. 

Roof  Coefficients 

Computations  for  wood  shingle  roofs  applied  over  wood  stripping  are 
based  on  1  by  4  in.  wood  strips,  spaced  2  in.  apart.  Values  for  roofs  con- 
taining Spanish  and  French  clay  roofing  tile  are  assumed  the  same  as  for 
slate  roofs.  Values  for  pitched  roofs  in  Table  16  apply  where  the  roof  is 
over  a  heated  attic  or  top  floor  so  that  the  heat  passes  directly  through  the 
roof  structure,  including  any  interior  finish  material. 

Combined  Ceiling  and  Roof  Coefficients 

If  the  attic  space  between  the  ceiling  and  roof  is  unheated,  the  combined 
coefficient  from  room  air  below  the  ceiling  to  exterior  air  can  be  calculated 
from  the  following  formula: 


and 

u  m  5J  (5) 

where 

U    »  combined  coefficient  to  be  used  with  ceiling  area. 
RT  »  total  resistance  of  ceiling  and  roof, 
l/oa  *=  coefficient  of  transmission  of  ceiling. 
£/,  =  coefficient  of  transmission  of  roof. 
n     =  ratio  of  roof  area  to  ceiling  area. 

It  should  be  noted  that  the  overall  coefficient  U  should  be  multiplied 
by  the  ceiling  area  to  determine  heat  loss  and  not  by  the  roof  area.  Values 
of  C/r  and  U^  should  be  calculated  using  a  value  of  2,2  (the  reciprocal  of 
one-half  the  air  space  resistance)  rather  than  1.65  for  the  conductances  of 
surfaces  facing  the  attic,  since  the  attic  is  equivalent  to  an  air  space* 

If  the  attic  contains  windows,  dormers  and  vertical  wall  spaces,  and  if 
their  area  is  small  compared  to  that  of  the  roof,  they  may  be  considered 
part  of  the  roof  area.  For  accuracy,  the  sum  of  the  coefficients  of  each 
individual  section,  multiplied  by  its  percentage  of  the  total  area,  should  be 
used  as  Z7r.  Where  attic  wall  areas  are  large,  it  is  preferable  to  estimate  the 
attic  temperature  as  illustrated  in  Chapter  11,  and  calculate  the  heat  loss 
through  the  ceiling  by  multiplying  the  value  of  Um  for  the  ceiling  by  the 
difference  in  temperature  above  and  below  the  ceiling* 

Basement  Floor,  Basement  Wall  and  Concrete  Slab  Floor  Coefficients 

The  heat  transfer  through  basement  walls  and  floors  to  the  ground  is 
dependent  on  the  temperature  difference  between  the  air  witMn  and  that 
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TABLE  7.    COEFFICIENTS  OF  TRANSMISSION  (£/)  OF  MASONBY  WALLS 

Coefficients  are  expressed  in  Btu  per  (hour)  (square  /oof)  (Fahrenheit  degree  difference  in  temperature  between 
the  air  on  the  two  sides},  and  are  based  on  an  outside  wind  velocity  of  15  mph. 


TYPE  OF  MASONRY 


INTERIOR  FINISH 
(Pros  INSULATION  WHERB  INDICATED) 


i 


0.50 
0.36 
0.28 


0.46 
0.34 
0.27 


0.32 
0.25 
0.21 


0.31 
0.25- 
0.21 


0.30 
0.24 
0.20 


0.22 
0.19 
0.17 


0.22 
0.19 
0.16 


0.16 
0.14 
0.13 


0.14 
0.13 
0.12 


67 

68 


0.40 
0.39 
0.30 
0.24 


0.37 
0.37 
0.28 
0.24 


0.27 
0.27 
0.22 
0.19 


0.27 
0.27 
0.22 
0.19 


0.26 
0.26 
0.21 
0.18 


0.20 
0.20 
0.17 
0.15 


0.20 
0.19 
0.17 
0.15 


0.15 
0.15 
0.13 
0.12 


0.13 
0.13 
0.12 
0.11 


70 
71 
72 
73 


0.70 
0.57 
0.49 
0.37 


0.64 
0.53 
0.45 
0.35 


0.39 
0.35 
0.31 
0.26 


0.38 
0.34 
0.31 
0.26 


0.36 
0.33 
0.29 
0.25 


0.26 
0.24 
0.22 
0.19 


0.25 
0.23 
0.22 
0.19 


0.18 
0.17 
0.16 
0.15 


0.16 
0.15 
0.14 
0.13 


74 
75 
76 
77 


0.79 
0.70 
0.63 
0.57 


0.71 
0.64 
0.58 
0.53 


0.42 
0.30 
0.37 
0.35 


0.41 
0.38 
0.36 
0.34 


0.39 
0.36 
0.34 
0.33 


0.27 
0.26 
0.25 
0.24 


0.26 
0.25 
0.24 
0.23 


0.19 
0,18 
0.18 
0.17 


0.16 
0.13 
0.15 
0.15 


78 
78 
80 
81 


Gravel  Aggregate 


8    I  0.56  1  0.52  I  0.34  I  0.34  I  0.32  I  0.24      0.23  j  0.17  I  0.15  I    82 
12    I  0.49  j  0.46  j  0.32  |  0.81  |  0.30  |  0.22  |  0.22  j  0.16  |  0.14  |    83 


Cinder  Aggregate 


8    I  0.41  I  0,30  I  0.28  I  0.28  I  0.27     0.21  1  0.20     0.15  I  0.13      84 
12    I  0,38  I  0.36  I  0.26  I  0.26  |  0.25  I  0.20  |  0.19  |  0.15  |  0.13  |    88 


Light  Weight  Aggregate0 


0,36      0.34  I  0.26  I  0.25      0.24  I  0.19  J  0.19  I  0.15      0.13       86 
0.34  I  0.33  I  0.25  |  0.24  |  0.24  |  0.19  |  0.18  I  0.14  |  0.13  |    87 


0  Based  on  4  In.  hard  brick  and  remainder  common  brick. 

6  The  8  in  .and  10  in ,  tile  figures  are  based  on  two  cells  in  the  direction  of  heat  flow.  The  12  in.  tile  is  based 
on  three  cells  in  the  direction  of  heat  flow.  The  16  in.  tile  consists  of  one  10  in.  and  one  6  in.  tile  each  having 
two  ceils  in  the  direction  of  heat  flow. 

*  Limestone  or  sandstone, 

d  These  figures  may  be  used  with  sufficient  accuracy  for  concrete  walls  with  stucco  exterior  finish. 

*  Expanded  slag,  burned  clay  or  pumice. 
^  Thickness  of  plaster  assumed  I  in* 

ff  Thickness  of  plaster  assumed  I  in. 

*  Based  on  2  in.  furring  strips;  one  air  space. 
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TABLE  8.    COEFFICIENTS  OF  TRANSMISSION  (17)  OF  BRICK  AND  STONE  VENEER 

MASONRY  WALLS 

Coefficients  are  expressed,  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  difference  in  temperature  between 
the  air  on  the  two  sides),  and  are  based  on  an  outside  wind  velocity  of  15  mph. 


TYPICAL 
CONSTRUCTION 


FACING 


4  In. 
Brick 
Venoer« 


4  in. 
Cut 
Stone 
Veneer* 


BACKING 


Bin.  Hollow  1W 

8  in.  Hollow  1W 


8  In.  Concrete.....,,.....,..,.,,.,...,... 
8  In.  Concrelo 


8  In.  Concrete  Blocks8 

(Gravel  Aggregate).. 

8  In.  Concrete  Blocks* 

(Cinder  Aggregate) 

8  In.  Concrete  Blocks' 

(L5ght  Weight  Aggregate)*... 


8fn.HoISGwTIte> 

8  In,  Hollow  W,., 


... 
8  in.  Concrete... 


8  In*  Concrete  Blocks 

(Gravel  Aggregate) „„„,., 

8  In.  Concrete  Blocks* 

(Cinder  Aggregate).******* 

8  In,  Concrete  Blocks' 

(Light  Weight  Aggregate)**,,. 


INTERIOR  FINISH 
(PLUS  INSULATION  WHERE  INDICATED) 


0.44 


0.31 


0.47 
0,36 


0.41 


0.34  0.3; 


0.29 


0,32  0.30 


0.35 
0.33 


0.29  0.29 

0.25 

0.23 


0,34 


0  JO  0  JO 


0.24 


0,30  0.84 


0,33 


0.20 

0.24 


0.22 


IS 


€.22  0.18 


0.23 
0.23 


0.17 


0.19 
0.19 


0.14 


0*17 


0,12 


0.13 

0,13 


0.18  0.15 


0.15 


07 


101 


a  Calculations  based  ow  i  in.  cement  mortar  between  hacking  and  lacing,  except  in  tho  ewe  of  th0  con- 
crete backing  which  is  aBsumed  to  bo  poured  in  place, 

&  The  hollow  tile  figures  are  based  on  two  air  colls  in  the  direction  of  heat  How. 

c  Hollow  concrete  blocks, 

d  Expanded  slag,  burned  clay  or  pumice, 

*  Thickness  of  plaster  assumed  I  in, 

<^  Thickness  of  plaster  assumed  |  in, 

2  fa.  furring  strips;  on©  air  spac« 
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TABLE  9.    COEFFICIENTS  OF  TRANSMISSION  (U)  OF  FKAME  PARTITIONS  OR 

INTERIOR  WALLS* 

Coefficients  are  expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  difference  in  temperature  between 
the  air  on  the  two  sides),  and  are  based  on  still  air  (no  wind)  conditions  on  both  sides. 


tnteytoi*  1 

INTERIOR                    Nf 
.FINISH                            1 

™*    SMS 

-*i««3JS2SS^>*-' 
1^1 

^U*^ 

SINGLE 
PARTITION 
t  (Finish  on  one 
side  only  of  studa) 

DOUBLE  PARTITION 
(Finish  on  both  sides  of  studs) 

PA.STITION  NUMBER  I 

No  INSUUTION 

BETWEEN  STUDS 

1  IN.  BLANKET*1 
BETWEEN  ST0DS. 
ONE  AIB  SPACE. 

A 

e 

C 

Metal  Lath  and  Plaster*  
Gypsum  Board  (5^  in.)  Decorated  
Wood  Lath  and  Plaster  
Gypsum  Lath  (^  in.)  Plastered".  

0.63 
0.67 
0.62 
0.61 

0.39 
0.37 
0.34 
0.34 

0.16 
0.16 
0.15 
0.15 

1 
2 
3 
4 

Plywood  (K  *n.)  Plain  or  Decorated  
Insulating  Board  (^  in.)  Plain  or  Decorated  
Insulating  Board  Lath  04  in.)  Plastered"  
Insulating  Board  Lath  (1  in.)  Plastered*  

0.59 
0.36 
0.35 
0.23 

0.33 
0.19 
0.18 
0.12 

0.15 
0.11 
0.11 
0.082 

5 
& 
7 
8 

0  Coefficients  not  weighted;  effect  of  studding  neglected. 

b  Plaster  assumed   f   in.  thick. 

"Plaster  assumed   i  in.   thick. 

d  For  partitions  with  other  insulations  between  studs  refer  to  Table  6,  using  values  in  Column  B  of  above 
table  in  loft  hand  column  of  Table  6.  Example:  What  is  the  coefficient  of  transmission  ( 17)  of  a  partition 
consisting  of  gypsum  lath  and  plaster  on  both  sides  of  studs  with  2  in.  blanket  between  studs?  Solution: 
According  to  above  table^  this  partition  with  no  insulation  between  studs  (No.  4B)  has  a  coefficient  of  0.34. 
Referring  to  Table  6,  it  will  be  found  that  a  wall  having  a  coefficient  of  0.34  with  no  insulation  between  studs, 
will  have  a  coefficient  of  0.10  with  2  in.  of  blanket  insulation  between  studs  (No.  56B). 


TABLE  10.    COEFFICIENTS  OF  TRANSMISSION  (U)  OF  MASONRY  PARTITIONS 

Coefficients  are  expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  difference  in  temperature  between  the 
air  on  the  two  sides),  and  are  based  on  still  air  (no  wind)  conditions  on  both  sides. 


TYPE  OF 
PARTITION 


TYPE  OF  FINISH 


No 

FINISH 
(Plain  walla) 


PIASTER 
ONB 

SIDE 


PIASTER 
BOTH 
SIDES* 


0.50 
0.45 


0.47 
0.42 


0.43 
0.40 


10 


0.35 
0.29 


0.33 
0.28 


0.32 
0.27 


11 
12 


Hoiww 
CONCRETE 
TILS  OB 
BLOCKS 


Cinder 


0.50 
0.45 


0.47 
0.42 


0.43 
0.40 


13 

14 


Light  Weight  Aggregate*  . 


0.41 
0.35 


0.39 
0.34 


0,37 
0.32 


15 
16 


COMMON  BRICK... 


0.50 


0.46 


0.43 


17 


*  2  in.  solid  plaster  parti tion,  U  «  0.53, 
6  Expanded  slag,  burned  clay  or  pumice. 
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TABLE  12.    COEFFICIENTS  OF  TRANSMISSION  (E7)  OF  CONCRETE  CONSTRUCTION 

FLOORS  AND  CEILINGS 

Coefficients  are  expressed  in  Btu  per  (hour}  (square  foot)  (Fahrenheit  degree  difference  in  temperature  between 
the  air  on  the  two  sides'),  and  are  based  on  still  air  (no  wind)  conditions  on  both  sides. 


TYPE  OF  CEILING 
*-•-  ~*™*a**********>^  F  tO  0&tH6 

THXCKNBSS 

OF 

CONCRETE* 

(INCHES) 

TYPE  OF  FLOORING 

ft 

No 
Flooring 
(Concrete 
Bare) 

Tile®  or 
Terrazzo 
Flooring 
on 
Concrete 

Directly 
on 
Concrete 

Parquet* 
Flooring 
In 
Mastic 
on 
Concrete 

Double 
Wood 
Moor 
on 
Sleepers* 

A 

B 

C 

O 

E 

Kft  (M«K    •   '                                  ««                      "     «   "fir 

a 

6 

10 

0.68 
0.59 
0.50 

0.65 
'0.56 
0.48 

0.66 
0.5)5 
0.49 

0.45 
0.41 
0.36 

•    0.25 
0.23 
0.22 

2 
3 

2hz  in.  Plaster  Applied  to  Underside  of 
Conorete,.w.u.^,.....M,,..«...«.......WM....,«^<M. 

3 
6 
10 

0.62 
0.54 
0.46 

0.59 
0.52 
0.44 

0.60 
0.53 
0.4S 

0.43 

0.39 
0.34 

0.24 
0.22 
0.21 

6 

6 

Metal  Lath  and  Plaster'—  Suspended  or 
Furred..*..  «*«»  •»  .  .  .»«.*.*  ...»...,»»  . 

3 
6 

10 

0.38 
0.35 
0.32 

0.37 
0.34 
0.91 

0.37 
0.35 
0.32 

0.30 
0.28 
0.26 

0.19 
0.18 
0.17 

7 

8 

d 

IT 

11 

12 

Gypsum  Board  {$£  in,)  and  Haster/1--* 
Suspended  or  Furred...«..,.............u.»..,^. 

3 
6 
10 

0.36 
(US 
0.30 

0.35 
0.32 
0.29 

0.35 
0.33 
0.30 

0.28 
0.27 
0.24 

0.19 
0.18 
0.17 

Insulating  Boajd  Lath  (j^in.)  and  Haste/ 
Suspended  or  Furred..........  ...».,». 

3 
6 
10 

0.25 
0.23 
0.22 

0.24 
0.23 
0.21 

0.25 
0.23 
0.22 

'     0.21 
0.20 
0119 

0.15 
0.15 
0.14 

13 
14 

15 

a  Thickness  of  tile  assumed  to  be  1  in. 

b  Conductivity  of  Asphalt  Tile  assumed  to  be  3.1. 

0  Thickness  of  wood  assumed  to  be  J$  in.;  thickness  of  mastic,  1  in.  (£  -  4.5).  Col.  D  may  also  be  used 
for  concrete  covered  with  carpet. 

d  Based  on  ft  in.  yellow  pine  or  fir  sub-flooring  and  11  in.  hardwood  finish  flooring  with  an  air  space  be- 
tween sub-floor  and  concrete. 

*  Thickness  of  plaster  assumed  to  be  f  in. 

/Thickness  of  plaster  assumed  to  be  $  in. 

0  For  other  thicknesses  of  concrete,  interpolate. 


TABLE  13. 


COEFFICIENTS  OF  TRANSMISSION  (U)  OF  CONCRETE  FLOORS  ON  GROUND 
WITH  VARIOUS  TYPES  OF  FINISH  FLOORING 


V  «  0.1Qa  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  temperature  difference 
between  the  ground  and  the  air  over  the  floor) . 

a  Until  more  complete  data  are  available,  it  is  recommended  that  a  coefficient  of  0.10  be  used  for  all  types 
of  concrete  floors  on  the  ground,  with  or  without  insulation.  For  basement  wall  below  grade,  use  the  same 
average  coefficient  (0.10).  A  lower  ground  temperature  should,  however,  be  used  for  walls  than  floors  as  ex- 
plained in  Chapter  11.  For  further  data  see  A.S.H.V.E.  RESEARCH  REPOKT  No.  1213— Heat  Loss  Through 
Basement  Walls  and  Floors,  by  F.  C.  Houghten,  S.  I.  Taimuty,  Carl  Gutberlet  and  C.  J.  Brown 
(A.S.H.V.E.  TWANBACTIONS,  Vol.  48, 1042,  p.  369). 

of  the  ground,  on  the  material  constituting  the  wall  or  floor,  and  on  the 
conductivity  of  the  surrounding  earth.  The  conductivity  of  the  earth 
will  vary  with  local  conditions,  and  is  usually  unknown.  Tests8  at  the 
A.S.H.V.E.  Research  Laboratory  indicate  a  heat  flow  of  approximately 
2.0  Btu  per  (hour)  (square  foot)  through  an  uninsulated  concrete  base- 
ment floor,  with  a  temperature  difference  of  20  F  between  ground  tem- 
perature and  the  air  temperature  6  in.  above  the  floor.  Based  on  this 
result,  a  coefficient  of  0.10  Btu  per  (hour)  (square  foot)  (Fahrenheit.degree 
difference)  is  recommended  for  calculation  where  it  is  desirable  to  allow 
for  the  small  basement  floor  heat  loss,  e*g. ,  for  heated  basements. 

For  basement  walls  the  same  coefficient  may  be  used,  but  due  to  closer 
proximity  to  the  surface  of  the  ground,  the  temperature  difference  for  win- 
ter design  conditions  will  be  greater  than  for  the  floor.  The  test  results 
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TABLE  14.    COEFFICIENTS  OP  TRANSMISSION  (U)  or  FLAT  ROOFS  COVERED  WITH 
BUILT-UP  ROOFING.    No  CEILING— UNDER  SIDE  OF  ROOF  EXPOSED 

(See  Table  15  for  Flat  Roofs  with  Ceilings) 

These  coefficients  are  expressed  in  Btu  per  (hour)  (square  foot)  (FahrenJieit  degree  difference  in  temperature 
between  the  air  on  the  two  sides),  and  are  based  on  an  outside  wind  velocity  of  15  mph. 


TYPE  OF  EOOF 
DECK 

THICKNESS 
OF 
ROOF  DJDCK 

No 

INSULA- 
TION 

INSULATION  ON  TO?  OF  DECK 

(COVEHED  WITH  BurW-UP  ROOFING) 

s 

S3 

INSULATING  BQABD 
(Thickness  Below) 

CORKBOARD 

(Thickness  Below) 

Win. 

lln. 

1H  In. 

2  In. 

lln. 

1H  In. 

2  In. 

A 

B 

C 

D 

E 

F 

G 

H 

Flat  Metal  Roof  Deck* 

1.06 

0.39 

0.24 

0.18 

0,14 

0.23 

0.17 

0.13 

Precast  Cement  Tile 
/cur 

XOOFlKGl        /TtLE, 

«. 

0.84 

0,37  1 

0.24 

0.17 

O.H 

0.22 

0.16 

0.13 

z 

3 
4 

UJ 

,  i  .  ,v.  :-.  .  F-.  Hkf-i 

wppwv.x1 

Concrete 

2  In. 
6  In! 

0,82 
0.72 
0,65 

0.30 
0.34 
0,33 

0,24 
0,23 
0.22 

0.17 
0.17 
0.16 

0.14 
0,13 
0.13 

0.22 
0.21 
0,21 

0.16 
0.16 

0.15 

0.13 

0.12 
0.12 

cwatTft./ 

Gypsum  Fiber  Con- 
crete* on  j$  in. 
Gypsum  Board 

R00Plrt<?i            / 

. 

0,38 
0.31 

0,24 
0,21 

0.18 
0,16 

0.14 
0.13 

0.12 
0.11 

0.17 
0,15 

0.13 
0.12 

S!J 

6 
7 

8 

10 

11 

!• 

cwun"  ;•",::.*/•( 

< 

JY/UUM  WARP* 

R 

Wood* 
JOfl^fff,^^/ 

lln. 

ho,0* 
3  in. 

0,49 
0,37 
0.32 
0.23 

0.28 
0,24 
0,22 
0.17 

0.20 
0.17 
0.10 
0.14 

0.15 
044 
0.13 
0.11 

0,12 
0.11 

0,11 
0.096 

0,10 
0.17 
0,10 
0,13 

0,14 

0.13 
0.13 
O.U 

0.12 
Wl 
0.10 
0.001 

i 

•U  7  y  yt/  r/jTi  TJ 

w«Gpy 

*  Coefficient  of  transmission  of  bare  corrugated  iron  (no  roofing)  in  1.50  Btu  per  (how)  («atwr@  foot  of 
projected  area)  (Fahrenheit  degree  difference  m  temperature)  based  on  an  outside  wind  velocity  of  15  mph. 

&  87}  per  cent  gypsum,  12|  per  cent  wood  fiber.   Thickness  indicated  include®  I  in*  gypsum  board, 
c  Nominal    thicknesses  specified— actual  thiokneesea  used  in  calculations. 
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TABLE  15.    COEFFICIENTS  OF  TKANSMISSION  (U)  OF  FLAT  ROOFS  COVERED  WITH 
BUILT-UP  ROOFING.    WITH  LATH  AND  PLASTER  CEILINGS" 

(See  Table  14  for  Mat  Roofs  with  No  Ceilings) 

These  coefficients  are  expressed  in  Btu  per  (hour}  (square  foot)  (Fahrenheit  degree  difference  in  temperature 
between  the  air  on  the  two  sides},  and  are  based  on  an  outside  wind  velocity  of  15  mph* 


TYPE  OF  ROOF 

DECK 

THICKNESS 

OP 

ROOF  DECK 

(INCHES), 

No 

INSULA- 
TION 

INSULATION  ON  TOP  OF  DECK 
(COVERED  WITH  BUILT-UP  RO-OPING) 

55 

INSULATING  BOARD 
(Thickness  Below) 

COKKBOARD 

(Thickness  Below) 

MIn, 

lln. 

lYz  In. 

2  In. 

lln. 

IHIn. 

2  In. 

A 

B 

C 

D 

E 

F 

G 

H 

Flat  Metal  Roof  Deck 

irtjauTWN/ 
5£2£J2£jt__—  -_j[ 

0.46 

0.27 

0.19 

0.15 

0.12 

0.18 

0.14 

0.11 

12 
13 

fc-r-t  rfe*^.':vvj 

CElUNtf  ' 

Precast  Cement  Tile 
/CAST 

£OOnN£;/TlLL 

ifcta. 

0.43 

0.26 

0.19 

0.15 

0.12 

0.18 

0.14 

0.11 

1^252233 

fcfe/upeo*.TjJr 

^tlLINfi^ 

Concrete 
(NJBLAT10N/ 

ROoetNdj          1 

2  In. 
4  in. 
6  in. 

0.42 
0.40 
0.37 

0.26 
0.25 
0.24 

0.19 
0.18 
0.18 

0.14 
0.14 
0.14 

0.12 
0.12 
0.11 

0.18 
0.17 
0.17 

0.14 
0.13 
0.13 

0.11 
0.11 
0.11 

14 
15 
18 

COBC|ltVB'/jiTir 

CtlLiMtf/ 

Gypsum  Fiber  Con- 
crete1' on  l/i  in, 
Gypsum  Board 

l«;uuri.0ry 

^^Ci2&pwp«w 

2J^iE. 

8K  in. 

0.27 
0.23 

0.19 
0.17 

0.15 
0.14 

0.12 
0.11 

0.10 
0.097 

0.14 
0.13 

0.12 
0.11 

0.097 
0.091 

17 

18 

KffltBWfifflDTd!^ 

6trJ'L>fr\     &0AR.JX 

tftuSss"^ 

Wood" 

t«/WfcATlCW> 

R^OFlHi^^^/ 

lln. 
iMsta. 

2  in. 

Sin. 

0.31 
0.26 
0.24 
0.18 

oooo 

0.16 
0.15 
0.14 
0,12 

0.13 
0.12 
0.11 
0.10 

0.11 
0.10 
0.097 
0.087 

0.15 
0.14 
0.13 
0.11 

0.12 

0.11 
0.11 
0,095 

0.10 
0.095 
0.092 
0.082 

19 
20 
21 
22 

^^^^^^OT 

HP*  C 

ti^^i^Uuwift 

a  Calculations  based  on  metal  lath  and  plaster  ceilings,  but  coefficients  may  be  used  with  sufficient  ac- 
curacy for  gypsum  lath  or  wood  lath  and  plaster  ceilings.    It  is  assumed  that  there  is  an  air  spue©  between 
the  under  Bide  of  the  roof  deck  and  the  upper  side  of  the  ceiling. 
fc  87|  per  cent  gypsum,  12i  per  cent  wood  fiber.    Thickness  indicated  includes  }  in.  gypsum  board. 
0  Nominal  thicknesses  specified—  actual  thicknesses  used  in  calculations. 
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TABLE  17.    COMBINED  COEFFICIENTS  OF  TRANSMISSION  (U)  OF  PITCHED  ROOFS°  AND 
HORIZONTAL  CEILINGS — BASED  ON  CEILING  AREA* 

Coefficients  are  expressed  in  Bin  per  (hour)  (square  foot  of  ceiling  area)  (Fahrenheit  degree  difference  in 
temperature  between  the  air  on  the  two  sides'),  and  are  based  on  an  outside  wind  velocity  of  15  mph. 


TYPE  OP  ROOFING  AND  HOOF  SHEATHING 

WOOD  SHINGLES  OH  WOOD  STBIPS* 

ASPEALT  SHINGLES"  OB  Rom  ROOFING 

.CEILING 
COEFFI* 

ON  WOOD  SHEATHING* 

CIBNT/ 

(FSOM 

TABLE  115 

No  Eoo! 
Insulation 
(Rafters 

14  In.  Insu- 
lating Board 
on  Under  Side 

1  In.  Insu- 
lating Board 
on  Under  Side 

NoRooJ 

Insulation 
(Rafters 

lating  Board 
on  Under  Side 

1  In.  Insu- 
lating Board 
on  Under  Side 

I 

Exposed) 

of  Rafters 

of  Rafters 

Exposed) 

of  Rafters 

of  Rafters 

(U7  -  0.48) 

07r»0.22) 

(Us  -  0.16) 

(£TT  -  0.53) 

(Us  -  0.23) 

(ffr  »  0.17) 

A 

B 

C 

0 

E 

F 

0.10 

0.085 

0.073 

0.066 

0.087 

0.074 

0.067 

19 

0.11 

0.092 

0.078 

0.07 

0.094 

0.079 

0.071 

20 

0.12 

0.099 

0.082 

0.074 

0.10 

0.083 

0.075 

21 

0.13 

0.11 

0.087 

0.078 

0.11 

0.088 

0.079 

22 

0.14 

0.11 

0.091 

0,081 

0.11 

0.093 

0.083 

23 

0.15 

0.12 

0.096 

0,084 

0.12 

0.097 

0.086 

.24 

0.16 

0.13 

0.10 

0,087 

0.13 

0.10 

0.089 

25 

0.17 

0.13 

0.10 

0.090, 

0.13 

0.10 

0.092 

26 

OJ8 

O.U 

0.11 

0.093 

0.14 

0.11 

0.095 

27 

0.19 

0.14 

0.11 

0.095 

0.15 

0.11 

0.098 

28 

0.20 

0.15 

0.11 

0.098 

0.15 

0.12 

0.10 

29 

0.21 

0.15 

0.12 

0.10 

0.16 

OJ2 

0.10 

30 

0.22 

0.10 

0.12 

0.10 

0,17 

0.12 

0.11 

31 

0.23 

0.16 

0.12 

0.10 

0.17 

0.12 

0.11 

32 

0^ 

0.17 

0.13 

0.11 

0.18 

0.12 

0.11 

33 

0.25 

0.17 

0.13 

0.11 

0.18 

0.13 

0.11 

34 

0.26 

0.18 

0.13 

0.11 

0.19 

0.19 

0.11 

35 

0.27 

0.18 

0.13 

0.11 

0.19 

0.13 

0.12 

36 

0.28 

0.19 

0.14 

0.12 

0.19 

0.14 

0.12 

37 

0.29 

0.19 

0.14 

0.12 

0.20 

0.14 

0.12 

38 

0.30 

0.20 

0.14 

0.12 

0.20 

0.14 

0.12 

39 

0.34 

0.21 

0.15 

0.12 

0.22 

0.15 

0.13 

40 

0.35 

0.22 

0.15 

0.13 

0.22 

0.15 

0.13 

41 

0.33 

0.22 

0.15 

0.13 

0.23 

0.15 

0.13 

42 

0.37 

0.23 

0.15 

0.13 

0.23 

016 

0.13 

43 

0.45 

0.25 

0.17 

0.13 

0,26 

0,17 

0.14 

44 

0.59 

0.29 

0.18 

0.14 

0.30 

0.19 

0.15 

45 

0.61 

0.29 

0.18 

0.15 

0.31 

0.19 

0.15 

48 

0.62 

0.30 

0.19 

0.15 

0.31 

0.19 

0.15 

47 

0.67 

0.31 

0.19 

0.15 

0.33 

0,20 

0,16 

48 

0.69 

0.31 

0.19 

0.15 

0.33 

OJ50 

0.16 

49 

a  Calculations  based  on  f  pitch  roof  (n  »  1.2)  using  the  following  formula: 

X  Uc?         U  «  combined  coefficient  to  be  used  with  ceiling  area. 
_  transmission  of  the  roof. 


J7r  .j.  «£S       (7ce  =  coefficient  of  transmission  of  the  ceiling. 

ft  n  ~  the  ratio  of  the  area  of  the  roof  to  the  area  of  the  ceiling. 

&  Use  ceiling  area  (not  roof  area)  with  these  coefficients. 

c  Coefficients  in  Columns  P,  E  and  F  may  be  used  with  sufficient  accuracy  for  tile,  elate  and  rigid  as- 
bestos shingles  on  wood  anything. 

d  Based  on  1  x  4  in.  strips  spaced  2  in.  apart. 

'  Sheathing  assumed  ii  in.  thick. 

f  Values  of  C/«©  to  be  used  in  this  column  may  be  selected  from  Table  11. 
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TABLE  18. 


COEFFICIENTS  OF  TKANSMISSION  (U)  OF  DOOBS,  WINDOWS,  SKYLIGHTS 
AND  GLASS  BLOCK  WALLS 


Coefficients  are  expressed  in  Btu  per  (hour]  (square  foot)  (Fahrenheit  degree  difference  in  the  temperature 

between  the  air  inside  and  outside  of  the  door,  window,  skylight  or  ivall)  and 

are  based  on  an  outside  wind  velocity  of  15  mph, 


Section  A.. 
Windows  and 
Skylights 

SINGLE 

DOUBLE 

TRIPLE 

U               I.13ac 

0.45ae 

0.281ae 

Section  B. 
Solid  Wood 
DoorsbG 

NOMINAL 
THICKNESS 
INCHES 

ACTUAL 

THICKNESS 
INCHES 

U 

EXPOSED  Boon 

U* 
WITH  GLASS 
STORM  DOOR 

I 
P 

%1A 
3 

W6 

1% 
1% 
2ys 
2% 

0.69 
0.69 
0,52 
0.51 
0.40 
0,38 
0.33 

0.42 
0.38 
0.35 
0.35 
0.32    - 
0.28 
0.25 

Section  C. 
Hollow  Glass 
Mock  Walls 

U 

DESCRIPTION                       STILL  AIR 

BOTH  SIDES 

U 
STILL  AIR  INSIDK 
15  MPH  OUTSIDE 

Smooth  surface  glass  blocks 
7%  x  7H  x  3%  in.  thick.™         0.40 
Ribbed  surface  glass  blocks 
7M  x  7H  x  3^8  ^  thick.™         0.38 

0.49 
0.46 

a  See  Heating,  Ventilating  and  Air  Conditioning,  by  Harding  and  Willard,  revised  edition,  1932. 

b  Computed  usin#  C  «  1.15  for  wood;  /i  »  1.55  and  /0  «  6.0* 

c  It  is  sufficiently  accurate  to  use  the  same  coefficient  of  transmission  for  doors  containing  thin  wood  |>anois 
as  that  of  single  panes  of  glass,  namely,  1.13  Btu  per  (hour)  (square  foot)  (degree  difference  between,  inside 
and  outside  air  temperatures). 

d  These  values  may  also  bo  used  with  sufficient  accuracy  for  wood  storm  doors.  Neglect  storm  doors  if 
loose  and  use  values  for  exposed  doors, 

0  Air  spaces  assumed  to  be  f  in.  or  more  in  width. 

indicate  a  unit  area  heat  loss,  at  mid-height  of  the  basement  wall,  approxi- 
mately twice  that  of  the  same  floor  area. 

For  concrete  slab  floors  laid  in  contact  with  the  ground  at  grade  level, 
recent  tests9  indicate  that  for  small  floor  areas  (equal  to  that  of  a  house 
25  ft  square)  the  heat  loss  may  be  calculated  as  proportional  to  the  length 
of  exposed  edge  rat/her  than  total  area.  This  amounts  to  0.81  Btu  per 
(hour)  (lineal  foot  of  exposed  edge)  (Fahrenheit  degree  difference  between 
the  inside  air  temperature  and  the  average  outside  air  temperature). 
It  should  be  noted  that  this  may  be  appreciably  reduced  by  insulating  the 
edges  of  the  floor  from  the  abutting  wall.  See  also  Chapter  11. 

CALCULATING  SURFACE  TEMPERATURES 

In  many  heating  and  cooling  load  calculations  it  is  necessary  to  deter- 
mine the  inside  surface  temperature  or  the  temperature  of  the  surfaces 
within  the  structure.  As  the  resistance  of  any  path  of  heat  flow  is  ex- 
pressed in  Fahrenheit  degrees  per  (Btu)  (hour)  (square  foot)  the  re- 
sistances through  any  two  paths  of  heat  flow  would  be  proportional  to  the 
temperature  drop  through  these  paths,  and  can  be  expressed  as  follows ; 


Hi 


-  to) 


(0) 


where 


the  resistance  from  the  inside  air  to  any  point  in  the  structure  at  which  the 
temperature  is  to  be  determined „ 
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R2  =  the  overall  resistance  of  the  wall  from  inside  air  to  outside  air. 
ti  —  inside  air  temperature. 
tx  =  temperature  to  be  determined. 
t0  =  outside  air  temperature. 

Example  8.  Determine  the  inside  surface  temperature  for  a  wall  having  an  overall 
coefficient  of  heat  transmission  TJ  =  0.25,  inside  air  temperature  70  F,  outside  air 
temperature  —20  F, 

Solution:  RI  =  -  =  —  -  =  0.606 

ji      1.65 


Then,  by  Equation  6 

0.606         70  - 


4.00      70  -  (-20) 
k  »  56,4  F, 

The  same  procedure  can  be  used  for  determining  the  temperature  at  any 

point  within  the  structure. 

WATER  VAPOR  AND  CONDENSATION 

Water  vapor  is  an  important  factor  in  the  design  and  construction  of 
many  types  of  buildings,  and  in  processes  where  controlled  air  conditions 
are  essential.  It  must  often  be  considered  in  the  construction  of  resi- 
dences, or  public  buildings  located  in  cold  climates  and,  to  a  lesser  extent, 
in  those  located  in  warm  climates.  It  is  extremely  important  to  consider 
the  moisture  problem  in  the  construction  of  cold  storage  and  loV  tempera- 
ture rooms.  Manufacturing  processes  which  require  a  special  humidity 
often  require  buildings  designed  with  consideration  of  the  effect  of  mois- 
ture on  the  building.  There  are,  likewise,  many  processes  which  in  them- 
selves create  moisture  problems  that  become  the  major  consideration 
in  either  the  construction  of  the  building  or  the  method  of  plant  operation. 

These  water  vapor  problems,  being  present  to  a  greater  or  lesser  ex- 
tent in  the  majority  of  heating,  cooling  and  air  conditioning  processes, make 
it  necessary  to  understand  the  laws  governing  water  vapor  and  its  relation 
to  air  conditioning  processes,  as  well  as  its  effect  on  different  types  of 
structures. 

Water  Vapor 

The  theory  governing  water  vapor  is  well  known,  and  yet  it  is  too  often 
overlooked  or  given  scant  consideration  in  the  construction  of  buildings 
and  the  layout  of  air  conditioning  processes.  Water  vapor  is  present  in  all 
air ;  it  occupies  the  space  and  has  the  same  properties  that  it  would  have 
if  the  air  were  not  present.  It  is  steam  at  low  pressure  and  temperature. 
Thus,  in  an  air  vapor  mixture  at  80  F,  the  density  of  the  water  vapor  may 
be  0.00158  Ib  per  cu  ft,  providing  that  it  is  saturated  and  the  vapor  pressure 
would  be  1.0323  inches  of  mercury.  These  are  the  same  conditions  that 
would  be  obtained  in  a  cubic  foot  of  saturated  steam  at  80  F,  and  it  is 
spoken  of  as  100  per  cent  relative  humidity  air.  If  this  same  volume  of 
air  contained  only  one-half  of  the  original  moisture  or  0.00079  Ib  per  cu  ft, 
it  would  be  only  50  per  cent  saturated,  or  the  relative  humidity  would  be 
50.1  per  cent.  In  the  first  case,  the  vapor  pressure  would  be  1.0323  inches 
of  mercury  and  in  the  second  case,  it  would  be  50.1  per  cent  of  this  or 
0.5172.  In  the  first  case,  the  vapor  would  be  saturated  and  the  dew-point, 
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or  condensing  temperature,  would  be  80  F.  In  the  second  case,  the  vapor 
would  be  superheated  and  the  dew-point,  or  condensing  temperature,  would 
be  about  60.2  F.  When  the  vapor  in  a  space  is  cooled,  either  by  contact 
with  cold  surfaces,  or  otherwise,  to  a  temperature  below  its  dew-point 
temperature,  some  of  the  vapor  will  be  condensed  and  form  either  free  water 
or  frost,  depending  upon  the  temperature.  In  condensing,  the  vapor  will 
give  up  heat  and  be  deposited  as  either  free  water  or  frost,  depending  upon 
the  condensing  temperature. 

Surface  Condensation 

If  water  vapor  comes  in  contact  with  surfaces  of  materials  which  have 
temperatures  below  its  dew-point  temperature,  condensation  will  take 
place.  This  process  is  seen  in  the  accumulation  of  moisture  on  surface  of  a 
glass  of  cold  water,  or  on  cold  water  pipes.  In  cold  storage  systems  con- 
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COEFFICIENTS 

densation  occurs  on  the  cooling  surfaces.  In  the  winter,  condensation  col- 
lects on  interior  surfaces  of  windows,  cold  closet  walls  or  attic  surfaces, 
and  sometimes  it  occurs  within  cold  sections  of  the  structure*  The  extent 
of  condensation  in  these  places  depends  upon  the  surface  temperature  of 
the  material  and  the  dew-point  temperature  of  the  vapor  in  contact  with 
these  materials. 

In  residences  and  public  buildings  the  surface  condensation  problem  is 
usually  more  important  from  the  viewpoint  of  its  nuisance  and  deteriorat- 
ing effect  on  the  structure,  than  it  is  from  the  standpoint  of  addition  to  the 
cooling  load.  In  cold  storage  plants  and  refrigerating  processes,  it  often 
has'a  material  effect  on  the  structure,  the  cooling  lorn,  and  the  operating 
efficiency. 

For  residences  and  other  similar  buildings,  condensation  is  usually  de- 
pendent upon  surface  temperatures  and  upon  the  dew-point  temperature 
of  the  air  in  contact  with  these  surfaces.  For  any  set  of  temperature  and 
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humidity  conditions,  there  is  a  definite  relation  between  the  condensation 
possibilities  and  the  insulation  of  exposed  parts  of  the  structure.  Limiting 
maximum  relative  humidities  for  walls,  roofs  or  glass,  having  transmission 
coefficients  up  to  1.2  Btu  for  outside  temperatures,  from  —  30  F  to  40  F, 
and  for  70  F  inside  temperature,  may  be  obtained  from  Figure  5. 

Vapor  Transmission  Through  Materials 

The  condensation  of  moisture  within  buildings  is  not  limited  to  visible 
surfaces  such  as  wall  surfaces  and  glass  surfaces.  Vapor  will  pass  through 
certain  materials  very  readily,  and  may  penetrate  into  exterior  or  cold  walls 
and  come  in  contact  with  material  within  these  structures  having  a  tem- 
perature below  the  dew-point  temperature  of  the  vapor,  and  thus  form  mois- 
ture or  frost  within  the  wall.  This  moisture  tends  to  accumulate  over  long 
periods  of  time  without  being  observed.  It  is  this  accumulation  of  interior 
and  unobserved  condensation  that  causes  the  greatest  difficulty  in  many 
long-range  processes.  The  property  of  a  material  to  transmit  vapor  is 
known  as  its  vapor  permeability.  The  theory  covering  vapor  transmission 
through  materials  leads  to  the  following  formula: 

W-vA.  (Pi  -  P.)  (7) 

where 

W  **  total  moisture  vapor  flow,  grains  per  hour  through  the  wall. 
n  =  permeability,  grains  per  (hour)  (square  foot)  (unit  vapor  pressure  differen- 
tial). 

A  «  area  of  the  wall,  square  feet. 

Pi  «  vapor  pressure  on  the  humid  side  of  the  wall,  and 

PI  =  vapor  pressure  on  the  other  side  of  the  wall,  both  in  units  consistent  with  the 
pressure  units  of  the  transmission  coefficient. 

The  overall  moisture  transfer  coefficient  for  a  wall  consisting  of  a  com- 
bination of  several  materials  in  series  may  be  calculated  by  combining  the 
permeabilities  (jui,  /-%  M3>  etc.)  of  the  individual  materials  according  to  the 
formula : 


(8) 


In  the  application  of  Equation  8  it  is  assumed  that  the  permeability  is 
directly  proportional  to  the  vapor  pressure  drop  between  two  different 
planes,  and  that  the  resistance  to  vapor  is  additive  for  several  materials 
in  series.  This  theory  may  apply  so  long  as  the  vapor  remains  in  the  vapor 
state.  In  most  cases,  however,  there  is  a  change  in  temperature  through- 
out the  structure  and  the  vapor  may  change  to  a  liquid  or  even  a  solid,  and 
thus  completely  change  the  mechanism  by  which  it  is  transferred  through 
the  material.  Furthermore,  many  materials  are  hygroscopic  and  vapor  is 
absorbed  somewhat  in  the  proportion  to  the  relative  humidity,  and  not 
directly  proportional  to  the  pressure  of  the  vapor  in  contact  with  the  mate- 
rial. A  further  point  to  be  considered  is  that  the  vapor  pressure  or  dew- 
point  temperature  drop  per  degree  of  temperature  drop  is  much  greater  in 
high  temperature  than  it  is  in  low  temperature  ranges.  Due  to  the  uncer- 
tainties as  to  the  exact  mechanism  for  the  transfer  of  vapor  through  various 
types  of  structures,  the  application  of  a  theory  which  parallels  the  theory  of 
heat  transmission  should  be  used  with  caution. 

There  are  several  methods  for  determining  the  vapor  permeability  of 
materials*  While  a  lengthy  discussion  of  these  methods  cannot  be  under- 
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taken  here,  it  may  be  said  that  there  is  not  complete  agreement  in  the  re- 
sults obtained  by  the  different  methods,  nor  in  regard  to  a  single  standard  to 
be  used.  Notwithstanding  the  uncertainties  as  to  the  theory  and  the  lack 
of  complete  agreement  as  to  test  methods  for  measuring  vapor  permeabil- 
ities, the  requirements  are  well  understood  and  the  relative  values  of  cer- 
tain types  of  materials  have  been  established  with  sufficient  precision  to 
indicate  their  vapor  permeability.  Some  values  which  may  be  used  as  a 
guide  are  given  in  Table  19. 

TABLE  19,    PERMEABILITY  OP  VAKIOUS  MATERIALS  TO  WATER  VAPOR 


GROUP 

MATERIAL 

PERMEABILITY 
GRAINS  PER  (So  FT) 
(HR)  (INCH  HG) 

Pilaster  base  and  plaster  *%£  in.        ... 

14.7 

Fir  sheathing,  %  in.               -.  

2.9 

\Vs.t<*rproof  po.pcr^                            -  

40.1 

1* 

Pine  lap  siding                        «  •  „...,,..  ... 

4.9 

Paint  film     

;u 

12  5 

Brick  masonry,  -i  in  

1.1 

Foil-surfaced  reflective  insulation,  doublo-faccd  

P.Ort  to  0.13 

RoU  roofing™-  smooth  40  to  G5  Ib  per  roll  308  sci  ft 

0  I'?  to  0  17 

JOupici'  or  Isitninutcd  pupcrs  80-30-30  .  ....»  . 

I  ll'f  to  2  58 

Duplex  or  kuniuutod  papers,  H(M>0-»30  ,  

o  r^-o.sj) 

Duplex  piper  coated  xvith  metallic  oxides.    ,  

0  f>lM,l2{» 

Insulation  brick  up  piipcr  t  rented 

0  8IV-JJ  42 

Plaster  wood  lath                  .       ..           

11.00 

PUiott'r  3  co'its  of  lend  sind  oil                        .                                     . 

,'{  Q#  IQ  3  34 

2c 

T'Uislcr  «  conts  of  ctluniinuni  puiiit  .....             , 

1.7  r> 

Plaster,  fiberbourd  or  gvpsurri  IrUh  ..,„...,  

10.7H  to  20,57 

Plywood,  14  in..,  5-  ply  Oouglus  fir...  
Plywood  2  co.itw  ol  nsphult  puint  ..,,..  

2.G7  to  2.74 
0.43 

Plywood  2  coats  of  nliuninum  puint    ...      ..       .... 

I  l»t> 

Gvpnuin  lath  with  metallic  uluininuin,  backing  

0.00-O.r/) 

25  0*S  to  .'M  1*7 

Insulating  shout  hint*  <  touri'iicc-coAtcd  -  ..... 

3,03  to  4  !W 

0  10 

Mineral  wool,  unprotected,  4  in  ,  .    .  .  .....  ... 

29.07 

SliTithins  paper,  a;>pholt  impregnated,  glossy.,  »  . 

D.17*2.0r> 

*  Calculating  Vapor  and  Heat  Transfer  Through  Walls,  by  L.  G.  Miller  (Heating  and  Ventilating  35 
No.  11,  60,  November,  1938). 

6  Light  weight  slaters  felt  need  to  keep  rain  from  drifting  through.   Not  used  iw  a  vapor  barrier, 

*  How  to  Overcome  Condensation  in  Building  Walla  and  Attics,  by  L.  V.  Tocftdalo  (il eating  and  WntfJ*- 
tingt  Vol.  36,  No.  4,  April,  1930). 

Water-proofed  building  papers  are  listed  in  Federal  Specifications  UU- 

P-147,  May  24,  1948,  according  to  water  vapor  resistance  required  as: 

Claas  A.  For  uses  wliero  a  high  degree  of  water- vapor  resistance  is  required. 
Class  B.  For  uses  where  only  a  moderate  degree  of  water- vapor  resistance  or  high 

water  resistance  is  required. 

Class  C.  For  uses  where  only  a  moderate  degree  of  water  resistance  is  required. 
Class  D.  For  uses  where  high  permeability  to  water  vapor  is  required, 

Detail  requirements  in  these  specifications  are  given  as  follows; 

Class  A  paper  shall  have  a  minimum  tensile  strength  in  each  direction  of  cither 
35  pounds  per  inch  width  or  20  pounds  per  inch  widtn,  as  specified  iu  the  invitation 
for  bids.  Paper  of  both  strengths  shall  nave  a  minimum  water  resistance  of  24  hours 
and  a  maximum  water-vapor  permeability  of  4  grams  per  square  motor  per  24  hours* 

Class  B  paper  shall  have  a  minimum  tensile  strength  in  each  direction  of  cither  35 
pounds  per  inch  width  or  20  pounds  per  inch  width,  as  specified  in  the  invitation  for 
bids.  Pap^er  of  both  strengths  shall  have  a  minimum  water  resistance  of  16  houra, 
and  a  maximum  water-vapor  permeability  of  0  grams  per  square  motor  por  2i  hours. 

Class  C  paper  shall  have  a  minimum  tensile  strength  in  each  direction  of  cithur  35 
pounds  per  inch  width  or  20  pounda  per  inch  width,  as  specified  iu  the  invitation  for 
bids,  raper  of  both  strengths  shall  nave  a  minimum  water  resistance  of  8  houra. 

Class  D  paper  shall  have  a  minimum  tensile  strength  in  each  diretMon  of  20  pounds 
per  inch  width.  The  paper  shall  have  a  minimum  water  resistance  of  10  minutes  and 
a  minimum  water-vapor  permeability  of  35  grams  per  square  meter  per  24  hours* 
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The  method  of  test  used  to  determine  permeability  as  specified  is  the 
following  : 

The  test  specimen  having  an  area  of  at  least  50  square  centimeters,  shall  be 
sealed  on  the  mouth  of  a  dish  containing  calcium  chloride.  The  seal  shall  be  made 
with  wax  composed  of  60  per  cent  refined  amorphous  wax  and  40  per  cent  of  refined 
crystalline  paraffin  wax.  The  dish  shall  be  exposed  to  an  atmosphere  of  73  F  ±  3.5 
deg  and  50  db  2  per  cent  relative  humidity,  until  a  constant  rate  of  gain  in  the 
weight  of  the  dish  is  attained.  The  average  constant  weight  of  gain  for  at  least 
four  test  specimens  shall  be  reported  as  the  water- vapor  permeability  of  the  ma- 
terial in  terms  of  grams  per  square  meter,  per  24  hours.  Both  sides  of  the  material, 
in  equal  number,  shall  be  exposed  towards  the  calcium  chloride. 

Surface  Condensation  Control 

Since  surface  condensation  is  caused  by  water  vapor  coming  into  contact 
with  the  surfaces  having  temperatures  below  its  dew-point  temperature, 
the  obvious  remedy  is,  first,  to  reduce  as  far  as  practicable  the  dew-point 
temperatures  of  the  surrounding  vapors,  and,  second,  to  increase  the  tem- 
peratures of  the  surfaces  with  which  these  vapors  may  come  in  contact. 
The  control  of  the  dew-point  is  usually  an  operating  problem.  It  may  be 
lowered  by  giving  attention  to  source  of  the  moisture,  and  eliminating  it 
before  it  comes  in  contact  or  mixes  with  the  air  in  the  space.  It  may  also 
be  effectively  reduced  by  ventilation  or  by  some  moisture  absorption  proc- 
ess. The  control  of  vapor  formation  and  its  elimination  from  the  space 
as  soon  as  possible  is  one  of  the  first  requirements  in  most  condensation 
problems.  It  is  often  the  complete  remedy. 

The  temperatures  of  the  surfaces  with  which  the  vapor  comes  in  contact 
may  be  increased  by  adding  insulation  to  outside  walls,  by  double  glazing 
of  windows,  by  circulation  of  warmer  air  over  the  surface,  or  perhaps  by 
direct  heating  of  the  surfaces.  The  most  expedient  method  of  overcoming 
surface  condensation  difficulty  will  depend  upon  special  conditions  sur- 
rounding the  problem.  This  is  a  construction  rather  than  an  operating 
problem. 

Control  of  Condensation  Within  Structure 

Since  condensation  within  the  structure  is  really  surface  condensation 
transferred  to  the  interior  parts  of  the  structure,  the  same  precautions  as 
to  humidity  control  should  be  observed  as  for  surface  condensation.  In 
addition  to  this,  however,  the  structure  must  be  built  to  prevent  vapor  from 
getting  to  the  interior  sections  of  a  wall.  A  wall  which  is  apt  to  have  a  cold 
interior  section  should  be  constructed  with  a  vapor-resisting  material  on  its 
warm  surface. 

There  are  many  types  of  materials  and  methods  of  construction  which 
may  be  used  to  vapor-proof  the  interior  surfaces  of  cold  walls.  Vapor 
resistant  membrane  materials  are  often  built  into  the  wall  near  the  warm 
surface.  In  wood  frame  walls  they  may  be  applied  to  the  inside  surface  of 
the  studs.  They  are  sometimes  attached  to  the  warm  side  of  insulating 
materials,  or  they  may  be  applied  on  the  cold  side  of  plaster  base  materials. 
There  are  several  types  of  vapor  resistant  papers  in  combination  with  metal 
foils  which  may  be  used.  To  be  effective,  these  barriers  should  have  a 
reasonably  high  resistance  to  the  passage  of  vapor  and  should  be  so  applied 
that  they  are  continuous  and  unbroken. 

The  interior  construction  of  the  wall  may  also  be  made  of  vapor  resistant 
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material,  or  some  vapor  resistant  coating  may  be  applied  to  the  inner  or 
warm  surface  of  the  wall. 

In  applying  vapor  resistance  to  a  wall,  there  are  certain  fundamental 
principles  which  should  be  followed.  First,  the  vapor^  barrier  should  be 
placed  as  near  to  the  warm  surface  of  the  wall  as  practicable.  Second,  it 
should  be  continuous  with  no  direct  openings  through  the  barrier.  If 
membrane  barriers  are  used  back  of  the  plaster  of  interior  finish,  the  joints 
should  be  lapped  over  some  solid  framing  member,  and  not  between  the 
studs  or  in  similar  places.  Usually  a  two-inch  lap  over  a  framing  member 
will  make  a  sufficiently  tight  joint  when  the  interior  finish  is  applied. 
Such  a  lap,  however,  without  backing  would  not  be  adequate.  All  open- 
ings for  electrical  fixtures  and  joints  around  window  and  door  casings  should 
be  carefully  sealed. 

Since,  in  applying  vapor  barriers  the  primary  purpose  is  to  prevent  water 
vapor  from  entering  the  warm  side  of  the  wall,  the  barrier,  in  order  to  be 
effective,  must  be  placed  near  the  warm  side,  and  all  joints  must  be  suffi- 
ciently tight  to  prevent  direct  leakage  of  the  vapors.  The  limiting  per- 
meability for  a  material  which  may  be  considered  as  a  barrier,  will  depend 
upon  the  requirements.  For  ordinary  residential  work,  it  has  generally 
been  considered  that  a  material  having  a  permeability  of  one  grain  of  mois- 
ture per  (sq  ft)  (hr)  (in.  Hg  of  vapor  pressure)  difference  across  the  barrier 
is  adequate.  There  are  cases,  however,  in  residential  construction  where  a 
barrier  having  a  permeability  of  1.00  would  not  be  sufficient,  and  there  are 
also  many  industrial  applications  in  which  a  very  much  higher  vapor  re- 
sistance is  required.  The  best  time  to  vapor-proof  a  building  is  during  its 
construction.  After  the  building  is  completed  the  remedies  are  limited 
largely  to  operational  control  and  surface  treatment  of  the  structure. 

Ventilation  of  Structure 

Condensation  difficulties  may  often  be  eliminated  by  lowering  the  dew- 
point  temperature  or  the  relative  humidity  by  ventilation.  It  is  much  more 
practicable  to  apply  ventilation  in  open  spaces  than  it  is  in  interior  parts 

of  the  structure.  For  a  wall  construction  it  is  far  better  to  seal  the  warm 
surface  so  that  the  vapor  cannot  enter,  than  it  is  to  try  to  ventilate  the 
vapor  out  of  the  wall  once  it  lias  entered.  Wherever  possible,  it  is  prefer- 
able to  eliminate  the  moisture  at  its  source  rather  than  to  rely  on  ventila- 
tion. 

Condensation  on  the  interior  surface  of  cold  attic  walls  may  be  eliminated 
by  ventilation.  However,  in  new  construction  and  in  other  places  where 
practicable,  it  is  far  bettor  to  use  vapor  barriers  and  other  means  to  prevent 
the  vapors  from  entering  the  attic '  space.  Ventilation  is  often  uncertain 
in  its  effect  and,  furthermore,  it  is  a  source  of  some  heat  loss.  Whore  ven- 
tilation is  used  for  attics  or  other  parts  of  a  building,  precautions  must  be 
taken  to  see  that  the  air  is  adequately  distributed  throughput  the  space  to 
be  ventilated.  No  fixed  amount  can  be  given  for  the  ventilation  required, 
but  for  the  ordinary  home  with  gravity  attic  ventilation,  the  inlet  and  out- 
let openings  should  be  well  distributed  and  the  total  area  of  each  should  be 
one~<juarter  square  inch  per  square  foot  of  floor.  These  openings  should  be 
distributee!  with  due  regard  to  the  type  of  construction,  outside  wind  veloc- 
ities, and  all  factors  which  affect  the  circulation  of  air.  The  conditions  are 
so  varied  that  no  hard  and  fast  rules  can  he  set  down  which  will  cover  all 
cases.  The  best  defense  against  condensation  on  attic  walls  and  other 
similar  surfaces,  is  to  prevent  the  vapors  from  entering  these  spaces*  Van- 
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tilation  is  a  precaution,  but  not  the  best  direct  solution  of  most  condensa- 
tion problems. 
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CHAPTER  10 

INFILTRATION  AND  VENTILATION 

Causes  of  Infiltration,  Infiltration  Due  to  Wind  Pressure,  Infiltration   Due  to 

Temperature  Difference,  Sealing  of  Vertical  Openings,  Natural  Ventilation, 

Wind  Forces,  Temperature  Difference  Forces,  Heat  Removal,  Effect 

of  Unequal  Openings,  Combined  Wind  and  Temperature  Forces, 

Types  of  Openings,  General  Ventilation  Bules,  Ventilation 

of  Animal  Shelters,  Garage  Ventilation 

fTIHE  air  leakage  which  takes  place  through  various  apertures  In  buildings 
JL  must  be  considered  in  heating  and  cooling  calculations,  and  properly 
evaluated.  This  infiltration  as  it  is  sometimes  designated  takes  place 
through  cracks  around  doors  and  windows,  through  solid  walls  and  through 
fireplaces  and  chimneys.  Although  the  latter  sources  of  leakage  may  be 
considerable,  they  are  often  neglected  on  the  assumption  that  dampers 
would  be  closed  during  periods  of  extreme  cold  weather,  or  else  that  the 
fireplace  will  be  in  use  at  such  times  and  will  therefore  contribute  to  the 
heat  supplied  and  lessen  the  heating  load. 

CAUSES  OF  INFILTRATION 

The  displacement  of  heated  air  in  buildings  by  unheated  outside  air  is 
due  to  two  causes,  namely,  (1)  the  pressure  exerted  by  the  wind  and  (2) 
the  difference  in  density  of  outside  and  inside  air  because  of  differences  in 
temperature.  The  former  is  generally  referred  to  as  infiltration  and  the 
latter  as  stack  or  chimney  effect. 

In  either  case  an  exact  estimate  of  the  amount  of  infiltration  under  design 
conditions  is  difficult  to  make.  The  complicating  factors  include  (1) 
variations  in  building  construction  particularly  as  to  width  of  crack  or  size 
of  openings  through  which  air  leakage  takes  place,  (2)  the  variations  in 
wind  velocity  and  direction,  (3)  the  exposure  of  the  building  with  respect 
to  air  leakage  openings  and  with  respect  to  adjoining  buildings,  (4)  the 
variations  in  outside  temperatures  which  influence  the  chimney  effect,  (5) 
the  relative  area  and  resistance  of  openings  on  the  windward  and  leeward 
sides  and  on  the  lower  floors  and  on  the  upper  floors,  and  (6)  the  influence 
of  a  planned  air  supply  and  the  related  outlet  vents.  Tight  construction 
is  essential  for  preventing  large  heat  loss  due  to  infiltration, 

INFILT3RATION  DUE  TO  WIND  PRESSURE 

The  wind  causes  a  pressure  to  be  exerted  on  one  or  two  sides  of  a  building. 
As  a  result,  air  comes  into  the  building  on  the  windward  side  through  cracks 
or  porous  construction,  and  a  similar  quantity  of  air  leaves  on  the  leeward 
side  through  like  openings.  In  general  the  resistance  to  air  movement  is 
similar  on  the  windward  to  that  on  the  leeward  side.  This  causes  a  build- 
ing up  of  pressure  within  the  building,  and  a  lesser  air  leakage  than  that 
experienced  in  single  wall  tests  as  determined  in  the  laboratory.  It  is 
assumed  that  actual  building  leakages,  owing  to  this  building  up  of  pressure, 
will  be  80  per  cent  of  laboratory  test  values.  While  there  are  cases  where 
this  is  not  true,  tests  in  actual  buildings  substantiate  the  factor  for  the  gen- 
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eral  case.  Mechanical  ventilating  systems  are  frequently  designed  to 
produce  positive  or  negative  pressures  in  an  enclosure  which  are  greater  or 
lower  than  prevalent  wind  pressures.  In  such  designs,  if  the  specified  rate 
at  which  air  is  to  be  supplied  to  or  removed  from  the  enclosure  by  posi- 
tive means  exceeds  the  infiltration  rate,  it/  is  common  practice  to  use  the 
greater  value  in  determining  the  heating  capacity  to  warm  the  outside  air. 

Infiltration  Through  Walls 

Data  on  infiltration  through  brick  and  frame  walls  are  given  in  Table  I.1 
The  brick  walls  listed  in  this  table  are  walls  which  show  poor  workman- 
ship and  which  are  constructed  of  porous  brick  and  lime  mortar.  For 
good  workmanship,  the  leakage  through  hard  brick  walls  with  cement- 
lime  mortar  does  not  exceed  one-third  the  values  given.  These  tests 
indicate  that  plastering  reduces  the  leakage  by  about  90  per  cent ;  a  heavy 

TABLE  1.    INFILTEATION  THROUGH  WALLS* 
Expressed  in  cubic  feet  per  square  foot  per  hour 


TYPE  OF  WALL 

WIND  VELOCITY,  MILES  PEK  HOCR 

5 

10 

15 

20 

25 

an 

8J^  in.  Brick  WalK.  \  Plain  
/  Plastered^  

2 

0.02 

4 
0.04 

8 
0.07 

12 

0,1! 

19 
O.i  Ci 

23 
0.24 

(Plain  
13  in,  Brick  Wallb...,  <  Plastcredc  

(Plasteredd  

1 
0.01 
0.03 

4 
0.0! 
0.10 

7 
0.03 
0.21 

12 
0.04 
0,30 

16 
0.07 
0.53 

0.23 

21 
0.10 

0.72 

0.20 

Frame  Wall,  with  lath  and  plaster0.. 

0.03 

0.07 

0.13 

0.18 

11  The  value®  &iv®n  in  this  tabl®  ar®  20  per  <$mt  lew  than  test  values  to  allow  for  building  up  of  prewuro 
in  room®  and  ar«  based  on  test  data  wporttd  ia  th@  paper®  lilted  in  chapter  footnotes. 

b  Constructed  of  porous  brick  and  Urn®  mortar—workmanship  poor. 

0  Two  coats  prepared  gypmra  plotter  on  brick. 

d  Furring,  lath,  and  two  coats  prepared  f ypium  plaster  on  brick. 

*  Wall  construction:  Bevel  siding  painted  or  cedar  shingles,  sheathing,  building  paper,  wood  lath  and  three 
coats  gypj-mm  plaster. 

coat  of  cold  water  paint,  50  per  cent;  and  3  coats  of  oil  paint  carefully 
applied,  28  per  cent.  The  Infiltration  through  walls  ranges  from  0  to 
25  per  cent  of  that  through  windows  and  doors  in  a  10-story  office  building, 
with  imperfect  sealing  of  plaster  at  the  baseboards  of  the  rooms.  With 
perfect  sealing  the  range  is  from  0.5  to  2*7  per  cent  or  a  practically  negli- 
gible quantity,  which  indicates  the  importance  of  good  workmaxwhip  in 
proper  sealing  at  the  baseboard.  It  will  be  noted  from  Table  1 ,  that  the 
infiltration  through  properly  plastered  walls  can  be  neglected, 

The  value  of  building  paper  when  applied  between  Bhcathing  and 
shingles  is  indicated  by  Fig,  1,  which  represents  the  effect  on  outside  con- 
struction only,  without  lath  and  plaster.  The  effectiveness  of  plaster 
properly  applied  is  no  justification  for  the  use  of  low  grade  building  paper 
or  of  the  poor  construction  of  the  wall  containing  it*  Not  only  is  it  diffi- 
cult to  secure  and  maintain  the  full  effectiveness  of  the  plaster^  but  also  it  is 
highly  desirable  to  have  two  points  of  high  resistance  to  air  flow  with  an 
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air  space  between  them.  The  infiltration  indicated  in  Fig.  1  is  that  de- 
termined in  the  laboratory,  and  should  be  multiplied  by  the  factor  0.80  to 
give  proper  working  values. 

Window  and  Door  Leakage 

There  are  two  methods  of  estimating  air  leakage  through  window  and 
door  cracks,  namely,  (1)  the  crack  method  and  (2)  the  air  change  method. 
The  crack  method  is  generally  regarded  as  being  more  accurate  than  the 
air  change  method,  provided  the  variables  such  as  crack  width  and  clear- 
ance, can  be  properly  evaluated. 

Crack  Method 

The  crack  method  is  based  on  known  air  leakage  factors  for  various 
types  of  windows  and  widths  of  crack  and  clearance.  The  wind  velocity 
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INFILTRATION,  C  FH  PER  SQ  FT  OF  WALL 

FIG.  1.    INFILTRATION  THROUGH  VARIOUS  TYPES  OP  SHINGLE  CONSTEUCTION 

and  length  of  crack  are  also  considered  when  the  crack  method  is  employed. 
The  amount  of  infiltration  for  various  types  of  windows  is  given  in  Table 
2.2  The  fit  of  double-hung  wood  windows  is  determined  by  crack  and 
clearance.  Crack  thickness  is  equivalent  to  one-half  the  difference  be- 
tween the  inside  window  frame  dimension  and  the  outside  sash  width. 
The  difference  between  the  width  of  the  window  frame  guide  and  the 
sash  thickness  is  considered  as  the  clearance.  The  length  of  the  perimeter 
opening  or  crack  for  a  double-hung  window  is  equal  to  three  times  the  width 
plus  two  times  the  height,  or  in  other  words,  it  is  the  outer  sash  perimeter 
length  plus  the  meeting  rail  length.  All  of  the  window  crack  in  any  given 
room  is  not  necessarily  used  in  estimating  the  infiltration  heat  loss  by  the 
crack  method,  The  length  of  crack  to  be  selected  in  any  given  case  de- 
pends on  the  number  of  exposed  sides  as  explained  in  Chapter  11. 

Values  of  leakage  shown  in  Table  2  for  the  average  double-hung  wood 
window  were  determined  by  using,  on  nine  windows  tested  in  the  labora- 
tory, the  average  measured  crack  and  clearance  of  a  large  number  of 
windows  found  in  a  field  survey.  In  addition,  the  table  gives  figures  for  a 
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TABLE  2.    INFILTRATION  THROUGH  WINDOWS 
Expressed  in  Cubic  Feet  per  Foot  of  Crack  per  Hour* 


TYPE  or  WINDOW 

BEMAHKS 

WIND  VELOCITY,  MILES  PER  HOUR 

5 

10 

15 

14 
3 
11 

39 
24 

111 
34 

20 

25 

30 

Double-Hung  Wood 
Sash  Windows  (Un- 
locked) 

Around  frame  in  masonry  wall  —  not  calked   

3 
1 

2 

7 
4 

27 
0 

8 
2 
6 

21 
13 

69 
19 

20 

4 

17 

59 
36 

154 

51 

27 
5 
23 

80 
49 

199 
71 

35 
6 
30 

104 
63 

249 
92 

Around  fram©  in  rn&sonry  wall™  "Calked 

Around  fnmiQ  in  wood  frtim©  construction 

Total  for  average  window,  non-weather-stripped, 
ffr-in,.   crack  and  -fa-in.   clearance0.    Includes 
wood  frame  leakage  ,  

Ditto,  weathcrstripped  .  ,  

Total  for   poorly  fitted  window,   non-weather- 
stripped,   A-in.   crack  and   -&-in,   clearance.0 
Includes  wood  fnvme  loakag©    ,  .   ,  

Ditto,  woatherstrippod      .     .     

Double-Hung  Metal 
Windows1 

Non-weatherstripped,  locked      

20 
20 
6 

45 

47 
19 

70 

74 
32 

90 
104 
46 

125 
137 
60 

154 
170 
76 

Non-woathorstripped  unlocked  ,  

Weathorstrippod  unlocked    

Rolled  Section  Steel 
Saah  Windows  * 

Industrial  pivoted,  iV-in.  crack"*  

52 
15 
20 
6 
14 
3 
8 

108 
30 

52 
18 
32 
10 

24 

170 
02 
83 
33 

52 
18 
38 

145 

244 
86 
110 

47 

7(5 
26 

54 

180 

304 
112 

152 
00 
100 
36 

72 

221 

372 
139 
182 
74 
128 
48 
92 

242 

Architectural  projected,  $V~in.  crack  

Architectural  projected,  A-in,  crack  

^Residential  casement  A'"in»  crack 

Residential  casement  w'in   cr&clc  > 

Heavy  casement  section,  projected,  ife-in.  crack*.. 
Heavy  casement  section,  projected  ft-in.  crack*... 

Hollow  Metal,  vertica 

30 

88 

a  The  values  given  in  this  table,  with  the  exception  of  those  for  double-hung  and  hollow  metal  windows 
are  20  per  cent  less  than  tost  values  to  allow  for  building  tip  of  pressure  in  rooms,  and  are  based  on  test  data 
reported  in  the  papers  listed  in  chapter  footnotes. 

k  The  values  given  for  frame  leakage  are  per  foot  of  sash  perimeter  as  determined  for  double-hung  wood 
windows.  Some  of  the  frame  leakage  in  masonry  walls  originates  in  the  brick  wall  itself  and  cannot  bo  pre- 
vented by  calking.  For  the  additional  reason  that  calking  is  not  done  perfectly  and  deteriorates  with  time, 
it  is  considered  advisable  to  choose  the  masonry  frame  leakage  values  for  calked  frames  as  the  average  deter- 
mined by  the  calked  and  non^ealkod  testa. 

0  The  fit  of  the  average  double-huns  wood  window  was  determined  as  j^-inu  crack  and  &-in.  clearance  by 
measurements  on  approximately  600  windows  under  boating  season  conditions. 

d  The  values  given  are  the  totals  for  the  window  opening  per  foot  of  sash  perimeter  and  include  frame 
leakage  and  so-called  elsewhere  leakage.  The  frame  leakage  values  included  am  for  wood  frame  construction, 
but  apply  as  well  to  masonry  construction  assuming  a  50  per  cent  efficiency  of  frame  calking;, 

0  A  A-in.  crack  arid  clearance  represent  a  poorly  fitted  window,  much  poorer  than  avarago* 

*  Windows  tested  in  place  in  building  so  that  no  reduction  from  toot  values  Is  neeowary  as  mentioned  in 
footnote  a. 

K  Industrial  pivoted  window  generally  used  in  industrial  buildings.  Ventilators  horizontally  pivoted 
at  center  or  slightly  above,  lower  part  awinfting  out, 

h  Architecturally  projected  made  of  same  sections  an  industrial  pivoted  except  that  outside  framing  mem- 
ber is  heavier,  and  it  has  refinements  in  weathering  and  hardware,  lifted  in  Kemi-iaonumfmtui  buildings 
such  aa  Rchooh*.  Ventilators  awing  in  or  out  and  are  balanced  on  side  arms,  frm.  crank  ii  obtainable  in  the 
best  practice  of  manufacture  and  installation!  -ft-in.  crack  considered  to  represent  average  pnicticc. 

*  Of  same  design  and  section  shapes  as  so-called  heavy  section  casement  but  of  lighter  weight.    A*ta*  crack 
is  obtainable  in  the  best  practice  of  manufacture  and  installation,  -sV-in,  crack  coiutidturod  to  represent  average 
practice. 

1  Made  of  heavy  sections-    Ventilators  swin&  in  or  out  and  stay  set  at  any  dftgreo  of  otxml&g.    ^-ln.  crack 
ia  obtainable  in  the  best  practice  of  manufacture  and  installation,  •yfy-in.  c»ek  considered  to  represent  avoroge 
practice, 

k  With  reasonable  care  in  installation,  leakage  at  contacts  where  window  aw  attached  to  «ted  frame- 
work and  at  mullions  is  negligible.    With,  &-in.  crack,  representing  poor  iwtttliftticm,  taakagft  ftt  contact 
with  steel  framework  is  about  one-third,  and  at  rnullions  about  ona-erixttx  of  that  given  for  industrial  piv 
windows  in  the  table. 


ivoted 


poorly  fitted  window.  All  of  the  figures  for  double-hung  wood  windows  are 
for  the  unlocked  condition.  Just  how  a  window  is  closed,  or  fits  when  it  is 

closed,  has  considerable  influence  on  the  leakage.  The  leakage  will  be  high 
if  the  sash  are  short,  if  the  meeting  rail  members  are  warped,  or  if  the  frame 
and  sash  are  not  fitted  squarely  to  each  other.  It  i«  pcwlble  to  have  a 
window  with  approximately  the  average  crack  and  clearance  that  will  have 
a  leakage  at  least  double  that  of  the  figures  shown.  Values  for  the  average 
double-hung  wood  window  in  Table  2  are  considered  to  be  obtainable 
figures  provided  the  workmanship  on  the  window  is  good.  Should  it  be 
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known  that  the  windows  under  consideration  are  poorly  fitted,  the  larger 
leakage  values  should  be  used.  Locking  a  window  generally  decreases  its 
leakage,  but  in  some  cases  may  push  the  meeting  rail  members  apart  and 
increase  the  leakage.  On  windows  with  large  clearances,  locking  will 
usually  reduce  the  leakage. 

Wood  casement  windows  may  be  assumed  to  have  the  same  unit  leakage 
as  for  the  average  double-hung  wood  window  when  properly  fitted.  Lock- 
ing, a  normal  operation  in  the  closing  of  this  type  of  window,  maintains  the 
crack  at  a  low  value. 

For  metal  pivoted  sash,  the  length  of  crack  is  the  total  perimeter  of  the 
movable  or  ventilating  sections.  Frame  leakage  on  steel  windows  may  be 
neglected  when  they  are  properly  grouted  with  cement  mortar  into  brick 
work  or  concrete.  When  they  are  not  properly  sealed,  the  linear  feet  of 

TABLE  3.    INFILTRATION  THBOUGH  72-lNcn  REVOLVING  DOOR  AND  36-lNcn  SWING- 
ING DoORa'b 

(Cubic  Feet  -per  Person  per  Passage) 


USAGE 

TREELY-EEVOLVING  DOOR 

DOOR  EQUIPPED 
WITH  BRAKE 

Infrequent  

75 

60 

Average  

60 

50 

Heavy     

40 

40 

36- Inch  Swinging  Boor 100 

R  These  figures  are  based  on  the  assumption  that  there  ia  no  wind  pressure  and  that  swinging  doors  are  in 
use  in  one  wall  only.  Any  swinging  doors  in  other  walls  should  be  kept  closed  to  insure  air  conditioning  in 
accordance  with  these  recommended  standards. 

b  From  Application  Engineering  Standards  for  Air  Conditioning  for  Comfort  1947,  Air  Conditioning  <fc 
Refrigerating  Machinery  Association,  Inc.,  Washington,  D,  C.  Used  by  permission. 

sash  section  in  contact  with  steel  work  at  mullions  should  be  figured  at  25 
per  cent  of  the  values  for  industrial  pivoted  windows  as  given  in  Table  2. 
When  storm  sash  are  applied  to  well  fitted  windows,  some  reduction  in 
infiltration  is  secured;  the  application  of  the  sash  provides  an  air  space  which 
reduces  the  heat  transmission  and  helps  prevent  the  frosting  of  the  win- 
dows.3 By  applying  storm  sash  to  poorly  fitted  windows,  a  reduction  in 
leakage  of  50  per  cent  may  be  obtained,  the  effect  so  far  as  air  leakage  is 
concerned  being  roughly  equivalent  to  that  obtained  by  the  installation  of 
weatherstrips, 

Door  Leakage 

Doors  vary  greatly  in  fit  because  of  their  large  size  and  tendency  to  warp. 
For  a  well  fitted  door,  the  leakage  values  for  a  poorly  fitted  double-hung 
wood  window  may  be  used.  If  poorly  fitted,  twice  this  figure  should  be 
used.  If  weatherstripped,  the  values  may  be  reduced  one-half.  A  single 
door  which  is  frequently  opened,  such  as  might  be  found  in  a  store,  should 
have  a  value  applied  which  is  three  times  that  for  a  well  fitted  door.  This 
extra  allowance  is  for  opening  and  closing  losses  and  is  kept  from  being 
greater  by  the  fact  that  doors  are  not  used  as  much  in  the  coldest  and  windi- 
est weather. 

The  infiltration  rate  through  swinging  and  revolving  Hoors  is  generally  a 
matter  of  judgment  by  the  engineer  making  cooling  load  determinations, 
and  in  the  absence  of  adequate  research  data  the  values  given  in  Table  3 
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represent  current  engineering  practice.  Some  tests  of  infiltration  through 
swinging  and  revolving  doors  have  been  reported.4  The  data  in  Table  3 
are  indicative  of  what  might  be  expected  in  this  connection ,  but  it  should 
be  noted  that  Table  3  is  based  on  a  no-wind  condition  and  therefore  not 
directly  applicable  to  heating  design. 

Air  Change  Method 

The  amount  of  air  leakage  may  be  estimated  by  assuming  a  certain  num- 
ber of  air  changes  per  hour  for  each  room,  the  number  of  changes  as- 
sumed being  dependent  upon  the  type,  use  and  location  of  the  room,  as 
Indicated  in  Table  4.  Where  it  Is  not  possible  to  determine  or  pre-de- 
termine  with  accuracy  the  width  of  crack  or  clearance  of  windows,  or  where 
other  sources  of  air  leakage  cannot  readily  be  evaluated,  as  is  often  the 
case,  the  use  of  the  air  change  method  may  be  justified,5 

The  values  in  Table  4  may  be  used  with  reasonable  accuracy  for  resi- 
dences and  are  the  requirements  for  each  room.  The  total  Infiltration 
allowance  for  the  entire  building  should  be  one-half  the  sum  of  the  infil- 

TABLE  4.    Am  CHANGES  TAKING  PLACE  UNDER  AVERAGE  CONDITIONS  IN  RESIDENCES, 

EXCLUSIVE  OF  Am  PROVIDED  FOE  VENTILATION" 


KIND  OF  ROOM  on  BUILDING 

NUMBER  OF  AIR 
CHANGES  TAKING 
PLACE  PER  HOUR 

KIND  OF  ROOM  OR  BUILDING 

NUMBER  OF  AIR 
CHANGES  TAKING 
PLACE  PER  HOUR 

Rooms,  1  side  exposed  
Rooms,  2  sides  exposed  
Rooms,  3  sides  exposed  
Rooms,  4  sides  exposed:  

1 

m 

2 
2 

Rooms  with  no  windows 
or  outside  doors.-,....  

Entrance  Halls  ,  
Reception  Halls...  

Bath  Rooms  

JtftoX 

2  to  3 
2 

2 

a  For  rooms  with  woatherstripped  windows  or  storm  sash,  use  |  ttee  valuea,  whore  applicable*,  but  nev«r 
less  than  |  air  change. 

tration  allowances  of  the  individual  rooms,  since  whatever  air  enters  on  the 
windward  side  generally  leaves  the  building  on  the  leeward  side,  and  the 
infiltration  requirements  therefore  do  not  exist  simultaneously  on  all 
sides  or  in  all  rooms.  An  allowance  of  one  air  change  per  hour  for  all 
sources  of  air  leakage  for  the  entire  volume  may  be  considered  average 
for  a  well  constructed  residence. 

The  air  leakage  for  vestibules  due  to  opening  and  closing  of  doors  is 
sometimes  based  on  the  air  change  method,  even  though  the  air  leakage 
estimates  for  other  rooms  are  based  on  the  crack  method.  Except  for 
vestibules  and  reception  halls,  it  is  not  advisable  to  attempt  to  apply  the 
air  change  method  to  factories  and  industrial  and  commercial  buildings 
because  of  wide  variations  in  the  type  and  percentage  of  fonestration  which 
is  the  principal  source  of  air  leakage  in  such  buildings, 

mFILTRATION  DUE  TO  TEMPERATURE  DIFFERENCE 

The  air  exchange  due  to  temperature  difference,  inside  to  outside,  is  a 
chimney  effect,  causing  air  to  enter  through  openings  at  lower  levels  and 
to  leave  at  higher  levels.6  Although  it  is  not  appreciable  in  low  buildings, 
this  loss  should  be  considered  in  tall,  single  story  buildings  with  opening?* 
near  the  ground  level  and  near  the  ceiling.  Also  in  tall,  multi-story  build- 
ings it  may  be  a  considerable  item  unless  the  sealing  between  various  floors 
and  rooms  is  quite  perfect* 

In  tall  buildings,  temperature  difference  or  chimney  effect  will  produce 
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a  head  that  will  add  to  the  effect  of  the  wind  at  lower  levels  and  subtract 
from  it  at  higher  levels.  On  the  other  hand,  the  wind  velocity  at  lower 
levels  may  be  somewhat  abated  by  surrounding  obstructions.  Further- 
more, the  chimney  effect  is  reduced  in  multi-story  buildings  by  the  partial 
isolation  of  floors,  thereby  preventing  free  upward  movement,  so  that  wind 
and  temperature  difference  may  seldom  cooperate  to  the  fullest  extent, 
Making  the  assumption  that  the  neutral  zone1  is  located  at  mid-height  of  a 
building,  and  that  the  temperature  difference  is  70  F,  Equations  1  and 
2  may  be  used  to  determine  an  equivalent  wind  velocity  to  be  used  in 
connection  with  Tables  1  and  2  that  will  allow  for  both  wind  velocity 
and  temperature  difference: 


-  1.75a  (1) 


V*  =  v       4-  1.756  (2) 

where 

V6  =  equivalent  wind  velocity  to  be  used  in  conjunction  with  Tables  1  and  2, 

miles  per  hour, 
V  —  wind  velocity  upon  which  infiltration  would  be  determined  if  temperature 

difference  were  disregarded,  miles  per  hour. 
a  =  distance  of  windows  under  consideration  from  mid-height  of  building  if 

above  mid-height,  feet. 
b  =*  distance  if  below  mid-height,  feet. 

The  coefficient  1.75  allows  for  about  one-half  the  temperature  difference  head. 

For  buildings  of  unusual  height,  Equation  1  would  indicate  negative 
infiltration  at  the  highest  stories,  which  condition  may,  at  times,  actually 
exist. 

Sealing  of  Vertical  Openings 

In  tall,  multi-story  buildings,  every  effort  should  be  made  to  seal  off 
vertical  openings  such  as  stair-wells  and  elevator  shafts  from  the  remainder 
of  the  building.  Stair-wells  should  be  equipped  with  self-closing  doors, 
and,  in  exceptionally  high  buildings,  should  be  closed  off  into  sections  of 
not  over  10  floors  each.  Plaster  cracks  should  be  filled.  Elevator  en- 
closures should  be  tight  and  solid  doors  should  be  used. 

If  the  sealing  of  the  vertical  openings  is  made  effective,  no  allowance 
need  be  made  for  the  chimney  effect.  Instead,  the  greater  wind  move- 
ment at  the  greater  heights  makes  it  advisable  to  install  additional  heating 
surface  on  the  upper  floors  above  the  level  of  neighboring  buildings,  this 
additional  surface  being  increased  as  the  height  is  increased.  One  arbi- 
trary rule  is  to  increase  the  heating  surface  on  floors  above  neighboring 
buildings  by  an  amount  ranging  from  5  per  cent  to  20  per  cent.  This  extra 
heating  surface  is  required  only  on  the  windward  side  and  on  windy  days, 
and  hence  automatic  temperature  control  is  especially  desirable  with  such 
installations. 

In  stair-wells  that  are  open  through  many  floor  levels,  although  closed 
off  from  the  remainder  of  each  floor  by  doors  and  partitions,  the  strati- 
fication of  air  makes  it  advisable  to  increase  the  amount  of  heating  surface 
at  the  lower  levels  and  to  decrease  the  amount  at  higher  levels.  One  rule 
is  to  calculate  the  heating  surface  of  the  entire  stair-well  in  the  usual  way 
and  to  place  50  per  cent  of  this  in  the  bottom  third,  the  normal  amount 
in  the  middle  third  and  the  balance  in  the  top  third. 
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Infiltration  and  Air  for  Combustion 

Infiltration  in  buildings  normally  supplies  the  air  required  for  combus- 
tion by  fuel-burning  appliances,  but  in  some  cases  weatherstripping, 
sealing  and  calking  may  reduce  infiltration  to  the  point  that  special  open- 
ings must  be  provided  to  supply  adequate  air  to  the  heating  appliances. 

NATURAL  VENTILATION 

Ventilation  by  natural  forces  finds  application  in  industrial  plants, 
public  buildings,  schools,  dwellings,  garages,  and  in  farm  buildings. 

The  natural  forces  available  for  moving  air  into,  through,  and  out  of 
buildings  are:  (a)  wind  forces,  and  (&)  the  difference  in  temperature 
between  the  air  inside  and  outside  a  building.  The  air  movement  may  be 
caused  by  either  of  these  forces  acting  alone  or  by  a  combination  of  the 
two,  depending  upon  atmospheric  conditions,  building  design  and  location. 
The  ventilating  results  obtained  will  vary,  from  time  to  time,  due  to  varia- 
tion in  the  velocity  and  direction  of  the  wind  and  the  temperature  difference. 
The  arrangement,  location,  and  control  of  the  ventilating  openings  should 
be  such  that  the  two  forces  act  cooperatively  rather  than  in  opposition. 

WIND  FORCES 

In  considering  the  use  of  natural  wind  forces  for  producing  ventilation, 
account  must  be  taken  of:  (1)  average  wind  velocity,  (2)  prevailing  wind 
direction,  (3)  seasonal  and  daily  variations  in  velocity  and  direction,  and 
(4)  local  wind  interference  by  nearby  buildings,  hills  or  other  obstructions 
of  similar  nature, 

Values  are  given  in  Table  3,  Chapter  12  for  the  average  wind  velocities 
for  the  months  June  to  September  in  various  localities  throughout  the 
United  States,  while  Table  1,  Chapter  11,  lists  similar  values  for  the  winter. 
In  almost  all  localities  the  summer  wind  velocities  are  lower  than  those 
in  the  winter,  and  in  about  two-thirds  of  the  localities  the  prevailing  direc- 
tion is  different  during  the  summer  and  winter.  While  the  tables  give  no 
average  velocities  below  5  mph,  there  will  be  tixnes^when  the  velocity  is 
lower,  even  in  localities  where  the  seasonal  average  is  considerably  above 
5  mph.  There  are  relatively  few  places  where  the  velocity  falls  below  one- 
half  of  the  average  for  many  hours  per  month*  Consequently,  if  the 
natural  ventilating  system  is  designed  for  wind  velocities  of  one-half  of 
the  average  seasonal  velocity,  it  should  prove  satisfactory  in  almost 
every  case. 

Equation  3  may  be  used  for  calculating  the  quantity  of  air  forced  through 
ventilation  openings  by  the  wind,  or  for  determining  the  proper  size  of  such 
openings  to  produce  given  results: 

Q  -  MAV  (3) 

where 

Q  *»  air  flow,  cubic  feet  per  minute. 

A  «*  free  area  of  inlet  openings,  square  feet* 

V  **  wind  velocity,  feet  per  minute,  «  miles  per  hour  X  88. 

JBf  «*  effectiveness  of  openings.    (E  should  be  taken  at  0.50  to  0  JO  for  perpendicu- 
lar winds,  and  0,26  to  O.S5  for  diagonal  winds,8) 

The  accuracy  of  the  results  obtained  by  the  use  of  Equation  3  depends 
upon  the  placing  of  the  openings,  as  the  formula  that  ventilating 

openings  have  a  flow  coefficient  slightly  greater  than  that  of  a  square- 
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edged  orifice.  If  the  openings  are  not  advantageously  placed  with  respect 
to  the  wind,  the  flow  per  unit  area  of  the  openings  will  be  less  and,  if  un- 
usually well  placed,  the  flow  will  be  slightly  more  than  that  given  by  the 
formula.  Inlets  should  be  placed  to  face  directly  into  the  prevailing  wind, 
while  outlets  should  be  placed  in  one  of  the  five  places  listed: 

1 .  On  the  side  of  the  building  directly  opposite  the  direction  of  the  prevailing  wind. 

2.  On  the  roof  in  the  low  pressure  area  caused  by  the  jump  of  the  wind  (see  Fig.  2) . 

3.  On  the  sides  adjacent  to  the  windward  face  where  low  pressure  areas  occur. 


Wind 


FIG.  2.  THE  JUMP  OF  WIND  FKOM  WINDWARD  FACE  OF  BUILDING.     (A— LENGTH  OF 

SUCTION  AEEA;  B— POINT  OF  MAXIMUM  INTENSITY  OF 

SUCTION;  (7— POINT  OF  MAXIMUM  PRESSURE) 


4.  In  a  monitor  on  the  side  opposite  from  the  wind. 

5.  In  roof  ventilators  or  stacks. 

TEMPERATURE  DIFFERENCE  FORCES7 

The  stack  effect  produced  within  a  building  when  the  outdoor  tempera- 
ture is  low&r  than  the  indoor  temperature  is  due  to  the  difference  in  weight 
of  the  warm  column  of  air  within  the  building  and  cooler  air  outside.  The 
flow  due  to  stack  effect  is  proportional  to  the  square  root  of  the  draft  head, 
or  approximately: 


Q  -  9.4A  > 


(4) 
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where 

Q  »  air  flow,  cubic  feet  per  minute. 

A  »  free  area  of  Mets  or  outlets  (assumed  equal),  square  feet. 
h  =*  height  from  inlets  to  outlets,  feet. 

t  —  average  temperature  of  indoor  air  in  height  h,  Fahrenheit  degrees. 
t0  «  temperature  of  outdoor  air,  Fahrenheit  degrees. 

9,4  =  constant  of  proportionality,  including  a  value  of  65  per  cent  for  effectiveness 
of  openings.  This  should  be  reduced  to  50  per  cent  (constant  »  7.2)  if  con- 
ditions are  not  favorable. 

HEAT  REMOVAL 

In  problems  of  heat  removal,  knowing  the  amount  of  heat  to  be  removed 
and  having  selected  a  desirable  temperature  difference,  the  amount  of 


23456 
RATIO  OF  OUTLET  TO  INLET  OR  VICE-VERSA 

FIG.  3.  INCEBASB  IN  FLOW  CAUSED  BY  EXCBSS  OF  ONE  OPBNING  OTKB  ANOTHER 

air  to  be  passed  through  the  building  per  minute  to  maintain  this  tempera- 
ture difference  can  be  determined  by  means  of  Equation  5* 


H 


where 


0.0175  (t  - 10) 


(5) 


Q  «»  air  flow,  cubic  feet  per  minute. 
H  **  heat  removed,  Btu  per  minute. 
*  —  t0  «  insicle-outside  temperature  difference,  Fahrenheit  degrees. 

EFFECT  OF  UNEQUAL  OPENINGS 

The  largest  flow  per  unit  area  of  openings  is  obtained  when  inlets  and 
outlets  are  equal,  and  the  preceding  equations  are  based  on  this  condition* 
Increasing  outlets  over  inlets,  or  vice-versa,  will  increase  the  air  flow,  but 
not  in  proportion  to  the  added  area.  When  solving  problem  having  an 
unequal  distribution  of  openings,  use  the  smaller  area,  either  Met  or  out- 
let, in  the  equations  and  add  the  increase  as  determined  from  Fig.  3* 
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FORCES  OF  AND 

Equations  for  determining  the  air  flow  due  to  temperature  difference 
and  wind  have  already  been  given.  It  must  be  remembered  that  when 
both  forces  are  acting  together,  even  without  interference,  the  resulting 
air  flow  is  not  equal  to  the  sum  of  the  two  estimated  quantities.  The 
flow  through  any  opening  is  proportional  to  the  square  root  of  the  sum  of 
the  heads  acting  on  that  opening. 

When  the  two  heads  are  about  equal  in  value  and  the  ventilating  open- 
ings are  operated  so  as  to  coordinate  them,  the  total  air  flow  through  the 
building  is  about  10  per  cent  greater  than  that  produced  by  either  head 
acting  independently  under  conditions  ideal  to  it.  This  percentage  de- 


I« 


20  40  60  80 

FLOW  DUE  TO  TEMPERATURE  DIFFERENCE 

AS  PER  CENT  OF  TOTAL 


100 


FIG.  4.  DETERMINATION  OF  FLOW  CAUSED  BY  COMBINED  FORCES  OF  WIND 
AND  TBMPEKATURH  DIFFERENCE 


creases  rapidly  as  one  head  increases  over  the  other  and  the  larger  will 
predominate. 

The  wind  velocity  and  direction,  the  outdoor  temperature,  or  the  indoor 
distribution,  cannot  be  predicted  with  certainty,  and  refinement  in  calcu- 
lations is  not  justified;  consequently,  a  simplified  method  can  be  used. 
This  may  be  done  by  using  the  equations  and  calculating  the  flows  produced 
by  each  force  separately  under  conditions  of  openings  best  suited  for  co- 
ordination of  the  forces.  Then,  by  determining,  as  a  percentage,  the  ratio 
of  the  flow  produced  by  temperature  difference  to  the  sum  of  the  two  flows, 
the  actual  flow  due  to  the  combined  forces  can  be  approximated  from 
Fig.  4. 

Example  1.  Assume  a  drop  forge  shop,  200  ft  long,  100  ft  wide,  and  30  ft  high. 
The  cubical  content  is  600,000  cu  ft,  and  the  height  of  the  air  outlet  over  that  of  the 
inlet  is  30  ft.  Oil  fuel  of  18,000  Btu  per  Ib  is  used  in  this  shop  at  the  rate  of  15'"gph 
(7.75  Ib  per  gal).  Desired  summer  temperature  difference  is  10  deg  and  the  prevail- 
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ing  wind  is  8  mph  perpendicular  to  the  long  dimension.    What  is  the  necessary  area 
for  the  inlets  and  outlets,  and  what  is  the  rate  of  air  flow  through  the  building? 

15  X  7  75  X  18  000 
Solution  for  Temperature  Difference  Only.    The  heat  H  =   ^ 2 —    = 

34,875  Btu  per  mln. 

By  Equation  5,  the  air  flow  required  to  remove  this  heat  with  an  average  temper- 
ature difference  of  10  deg  is : 

H  34'875       -199,286  CM. 


*       0.0175(*  -  to)       0.0175  X  10 

This  is  equal  to  about  20  air  changes  per  hour.    From  Equation  4  the  inlet  (or  outlet) 
opening  area  should  be : 

t  0  199.286 

®A-\/h(t  -  *0)       9.4\/30  X  10 

The  flow  per  square  foot  of  inlet  or  outlet  would  be  199,286  *- 1224  »  163  cfm  with  all 
windows  open. 

Solution  for  Wind  Only.  With  1,224  sg  ft  of  inlet  openings  distributed  around 
the  sidewalls,  there  will  be  about  410  sq  ft  in  each  long  siae  and  202  sq  ft  in  each  end. 
The  outlet  area  will  be  equally  distributed  on  the  two  sides  of  the  monitor,  or  612  sq 
ft  on  each  side.  With  the  wind  perpendicular  to  the  long  side,  there  will  be  410  sq 
ft  of  opening  in  its  path  for  inflow  and  612  in  the  lee  side  of  the  monitor  for  outflow, 
with  the  windward  side  closed.  The  air  flow,  as  calculated  by  Equation  3,  will  be: 

Q  «  0.60  X  410  X  704  -  173,200  cfm. 

This  gives  17.3  air  changes  per  hour,  which  should  be  more  than  ample  when  there 
is  nolieat  to  be  removed. 

Solution  to  Combined  Heads.  Since  the  windward  side  of  the  monitor  is  closed 
when  the  wind  is  blowing,  the  flow  due  to  temperature  difference  must  be  calculated 
for  this  condition,  using  Fig.  3.  This  chart  shows  that  when  inlets  arc  twice  the 
size  of  the  outlets,  in  this  case  1,224  sq  ft  in  the  sidewalls  arid  612  so  ft  in  the  monitor, 
the  flow  will  be  increased  26.5  per  cent  over  that  prodxiced  by  equal  openings.  Using 
the  smaller  opening  and  the  flow  per  square  foot  obtained  previously,  the  calculated 
amount  for  this  condition  will  be : 

612  X  163  X  1.265  «  126,200  cfm. 
Adding  the  two  computed  flows: 

Temperature  Difference  -*  126,200  «    42  per  cent. 

Wind  »  173,200  *    58  per  cent. 

Total  209,400  -  100  per  cent. 

From  Fig.  4,  it  is  determined  that  when  the  flow,  due  to  temperature  difference,  is 
42  per  cent  of  the  total,  the  actual  flow,  duo  to  the  combined  forces,  will  be  about  1 ,8 
times  that  calculated  for  temperature  difference  alone,  or  201,920  cfm. 

The  original  flow,  due  to  temperature  difference  alone,  was  100,286  cfm  with  all 
openings  in  use.  The  effect  of  the  wind  is  to  increase  this  to  201*920  eta  even  though 
half  of  the  outlets  are  closed. 

A  factor  of  judgment  is  necessary  in  the  location  of  the  openings  in  a 
building,  especially  those  in  the  roof,  where  heat,  smoke  and  fumes  are  to 
be  removed.  Usually  windward  monitor  openings  should  be  cloned,  but  if 
the  wind  is  low  enough  for  the  temperature  head  to  overcome  it,  all  windows 
may  be  opened, 

TYPES  OF  OPENINGS 

Types  of  openings  may  be  classified  as:  (1)  windows,  doors,  monitor 
openings  and  skylights,  (2)  roof  ventilators,  (3)  stacks  connecting  to 
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registers,  and  (4)  specially  designed  inlet  or  outlet  openings.    The  various 
types  and  principles  of  operation  are  discussed  in  following  paragraphs. 

Windows,  Doors  and  Skylights 

Windows  have  the  advantage  of  transmitting  light,  as  well  as  providing 
ventilating  area  when  open.  Their  movable  parts  are  arranged  to  open 
in  various  ways ;  they  may  open  by  sliding  either  vertically  or  horizontally, 
by  tilting  on  horizontal  pivots  at  or  near  the  center,  or  by  swinging  on 
pivots  at  the  top,  bottom  or  side.  Regardless  of  their  design,  the  air 
flow  per  square  foot  of  opening  may  be  considered  to  be  the  same  under 
the  same  conditions.  The  type  of  pivoting  should  receive  consideration 
from  the  standpoint  of  weather  protection,  and  certain  types  may  be  ad- 
vantageous in  controlling  the  distribution  of  incoming  air.  Deflectors 
are  sometimes  used  for  the  same  purpose,  and  these  devices  should  be  con- 
sidered a  part  of  the  ventilation  system. 

Roof  Ventilators 

The  function  of  a  roof  ventilator  is  to  provide  a  storm  and  weather* 
proof  air  outlet.  These  are  actuated  by  the  same  forces  of  wind  and  tem- 
perature head  which  create  flow  through  other  types  of  openings.  The 
capacity  of  a  ventilator  depends  upon  four  things:  (1)  its  location  on  the 
roof,  (2)  the  resistance  it  and  the  duct  work  offer  to  air  flow,  (3)  the  height 
of  draft,  and  (4)  the  efficiency  of  the  ventilator  in  utilizing  the  kinetic 
energy  of  the  wind  for  inducing  flow  by  centrifugal  or  ejector  action. 

For  maximum  flow  induction,  a  ventilator  should  be  located  on  that 
part  of  the  roof  where  it  will  receive  the  full  wind  without  interference. 
If  ventilators  are  installed  within  the  suction  region  created  by  the  wind 
passing  over  the  building,  or  in  a  light  court,  or  on  a  low  building  between 
two  high  buildings,  their  performance  will  be  seriously  influenced.  Their 
normal  ejector  action,  if  any,  may  be  completely  lost. 

The  base  of  the  ventilator  should  be  of  a  taper-cone  design  to  produce 
the  effect  of  a  bell-mouth  nozzle  whose  coefficient  of  flow  is  considerably 
higher  than  that  of  a  square-entrance  orifice.  If  a  grille  is  provided  at 
the  base,  or  if  the  base  or  structural  members  present  obstructions,  addi- 
tional resistance  is  introduced,  and  the  base  opening  should  be  increased 
in  size  accordingly. 

Air  inlet  openings  located  at  lower  levels  in  the  building  should  be  at 
least  equal  to,  and  preferably  larger  than,  the  combined  throat  areas  of 
all  roof  ventilators.  The  air  discharged  by  a  roof  ventilator  depends  on 
wind  velocity  and  temperature  difference,  and,  in  general,  its  performance 
will  be  the  same  as  any  monitor  opening  located  in  the  same  place  but,  due 
to  the  four  capacity  factors  already  mentioned,  no  simple  formula  can  be 
devised  for  expressing  ventilator  capacity. 

Roof  ventilators  may  be  classified  as  stationary,  pivoting  or  oscillating, 
and  rotating.  Generally,  these  have  a  round  throat,  but  the  continuous- 
ridge  ventilator  would  fall  in  the  stationary  classification.  When  selecting 
roof  ventilators,  some  attention  should  be  given  to  ruggedness  of  construc- 
tion, storm-proofing  features,  dampers  and  damper  operating  mechanisms, 
possibility  of  noise,  original  cost,  and  maintenance. 

Natural  ventilation  units  may  be  used  to  supplement  power-driven 
supply  fans,  and  under  favorable  weather  conditions  it  may  be  possible 
to  stop  the  power-driven  units.  Units  are  not  subject  to  code  tests  for 
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ratings.    Generally  they  must  be  selected  from  manufacturers'  tables.    It 
is,  therefore,  very  important  to  consider  the  reliability  of  the  ratings  used. 

Controls 

Gravity  ventilators  may  have  dampers  controlled  by  hand,  thermostat, 
or  wind  velocity,  in  combination  with  a  fan.  The  thermostat  station 
may  be  located  anywhere  in  the  building,  or  it  may  be  located  within 
the  ventilator  itself.  The  purpose  of  wind  velocity  control  is  to  obtain 
a  definite  volume  of  exhaust  regardless  of  the  natural  forces,  the  fan  motor 
being  energized  when  the  natural  exhaust  capacity  falls  below  a  certain 
minimum,  and  again  shut  off  when  the  wind  velocity  rises  to  the  point 
where  this  minimum  volume  can  be  supplied  by  natural  forces. 

Stacks 

Stacks  or  vertical  flues  are  really  chimneys  which  function  through  the 
effects  of  the  wind  and  temperature  difference.  Like  the  roof  ventilator, 
the  stack  outlet  should  be  located  so  that  the  wind  may  act  upon  it  from 
any  direction.  With  little  or  no  wind,  the  chimney  effect  depends  entirely 
on  temperature  difference  to  produce  a  removal  of  air  from  the  rooms  where 
the  inlet  openings  are  located. 

GENERAL  VENTILATION  RULES 

A  few  of  the  important  considerations  in  addition  to  those  already  out- 
lined are: 

1.  Inlet  openings  in  the  building  should  be  well  distributed,  and  should  be  located 
on  the  windward  side  near  the  bottom,  while  outlet  openings  are  located  on  the  lee- 
ward side  near  the  top.    Outside  air  will  then  be  supplied  to  the  zone  to  be  ventilated, 

2.  Inlet  openings  should  not  be  obstructed  by  buildings,  trees,  sign  boards,  etc,, 
outside,  nor  by  partitions  inside. 

3.  Greatest  flow  per  square  foot  of  total  opening  is  obtained  by  using  inlet  and  out- 
let openings  of  nearly  equal  areas. 

4.  In  the  design  of  window  ventilated  buildings,  where  the  direction  of  tho  wind  is 
quite  constant  and  dependable,  the  orientation  of  the  building  together  with  amount 
and  grouping  of  ventilation  openings  can  be  readily  arranged  to  take  full  advantage  of 
the  force  of  the  wind.    Where  tho  wind's  direction  is  quite  variable,  the  openings 
should  be  arranged  in  sidewalls  and  monitors  so  that,  as  far  as  possible,  there  will  be 
approximately  equal  areas  on  all  sides.    Thus,  no  matter  what  the  wind's  direction, , 
there  will  always  be  some  openings  directly  exposed  to  the  pressure  force  and  others 
to  a  suction  force,  and  effective  movement  through  the  building  will  be  assured, 

5.  Direct  short  circuits  between  openings  on  two  sides  at  a  high  level  may  clear  the 
air  at  that  level  without  producing  any  appreciable  ventilation  at  the  level  of  oc- 
cupancy. 

6.  In  order  that  temperature  difference  may  produce  a  motive  force,  there  must  be 
vertical  distance  between  openings.    That  is,  if  there  are  a  number  of  openings  avail- 
able in  a  building,  but  all  are  at  the  same  level,  there  will  be  no  motive  head  produced 
by  temperature  difference,  no  matter  how  great  that  difference  might  be, 

7.  In  order  that  the  force  of  temperature  difference  may  operate  to  maximum  ad- 
vantage, the  vertical  distance  between  inlet  and  outlet  openings  should  bo  as  great  as 
possible.    Openings  in  the  vicinity  of  the  neutral  aone  are  "less  effective  for  ven- 
tilation. 

8.  In  the  use  of  monitors,  windows  on  the  windward  side  should  usually  bo  kopt 
closed,  since,  if  they  are  open,  the  inflow  tendency  of  the  wind  counteracts  the  outflow 
tendency  of  temperature  difference.    Openings  on  the  leeward  side  of  tho  monitor 
result  in  cooperation  of  wind  and  temperature  difference. 

9.  In  an  industrial  building  where  furnaces  that  give  off  heat  and  fumes  are  to  be 
installed,  it  is  better  to  locate  them  in  the  end  of  the  building  exposed  to  the  prevail- 
ing wind.    The  strong  suction  effect  of  the  wind  at  the  roof  near  the  windward  end 
will  then  cooperate  with  temperature  difference,  to  provide  for  the  most  active  and 
satisfactory  removal  of  the  heat  and  gas-laden  air. 
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10.  Incase  it  is  impossible  to  locate  furnaces  in  the  windward  end,  that  part  of  the 
building  in  which  they  are  to  be  located  should  be  built  higher  than  the  rest,  so  that 
the  wind,  in  splashing  therefrom,  will  create  a  suction.    The  additional  height  also 
increases  the  effect  of  temperature  difference  to  cooperate  with  the  wind. 

11.  The  intensity  of  suction  or  the  vacuum  produced  by  the  jump  of  the  wind  is 
greatest  just  back  of  the  building  face.    The  area  of  suction  does  not  vary  with  the 
wind  velocity,  but  the  flow  due  to  suction  is  directly  proportional  to  wind  velocity, 

12.  Openings  much  larger  than  the  calculated  areas  are  sometimes  desirable,  espe- 
cially when  changes  in  occupancy  are  possible,  or  to  provide  for  extremely  hot  days. 
In  the  former  case,  free  openings  should  be  located  at  the  level  of  occupancy  for  psy- 
chological reasons. 

13.  In  single  story  industrial  buildings,  particularly  those  covering  large  areas, 
natural  ventilation  must  be  accomplished  by  taking  air  in  and  out  of  the  roof  open- 
ings.   Openings  in  the  pressure  zones  can  be  used  for  inflow,  and  openings  in  the  suc- 
tion zone,  or  openings  in  zones  of  less  pressure,  can  be  used  for  outflow.    The  ventila- 
tion is  accomplished  by  the  manipulation  of  openings  to  get  air  flow  through  the  zones 
to  be  ventilated. 


.  5.  RECOMMENDED  TYPE  OF  COVER  FOE  WOODEN  OUTLET  FLUE 

The  opening  U  should  equal  one-half  the  least  dimension  of  the  flue.  Heavy  insulation  of  the  level  deck 
is  essential, 

VENTILATION  OF  ANIMAL  SHELTERS9 

Animal  shelters  require  ventilation  to  remove  moisture,  odors  and,  in 
the  case  of  dairy  stables,  excess  heat. 

Outlets.  Outlet  flues  for  natural  draft  systems  should  be  round  or 
approximately  square.  A  thermal  resistance  (1/Z7)  of  not  less  than  two 
is  required  in  their  side  walls.  They  should  extend  at  least  two  feet 
above  the  highest  part  of  the  roof.  Only  one  outlet  is  recommended  for 
each  room  or  pen.  The  use  of  several  outlet  flues  may  result  in  excessive 
up-drafts  in  some  flues  and  down-drafts  in  others. 

If  flues  have  roofs  or  covers,  these  should  be  high  enough  to  provide 
unobstructed  openings  on  all  sides,  equal  in  height  to  one-half  the  least 
dimension  of  the  flue,  Fig.  5.  A  level,  heavily  insulated  ceiling  under  the 
flue  roof  and  over  the  entire  area  of  the  flue  is  important. 

Inlets.  Inlets  should  direct  the  incoming  air  vertically  upward  so  as 
to  avoid  drafts  on  the  animals  and  to  insure  immediate  mixing  of  incoming 
air  with  the  room  air,  A  reasonably  uniform  distribution  around  the 
stable  or  pen  is  desirable.  Inlet  flues  that  deliver  air  close  to  the  side  walls 
stimulate  convection  currents,  which  is  desirable.  When  so  placed  they  also 
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tend  to  bathe  the  side  walls  with  cool  air,  thus  reducing  temperature  dif- 
ference between  the  inside  and  outside  of  the  wall. 

From  the  standpoint  of  air  movement,  insulation  of  inlet  flues  is  not 
important.  Condensation  is,  however,  likely  to  occur  on  them  unless  the 
thermal  resistance  of  their  walls  is  at  least  two. 

Controls  or  throttling  devices  in  inlet  flues  are  seldom  required.  If 
used,  they  are  best  applied  to  the  inlets  and  limited  to  the  side  of  the 
building  facing  prevailing  winter  winds,  They  should  be  so  made  that 
an  opening,  at  least  one  inch  wide  by  the  width  of  the  flue,  will  always 
remain  open. 

Amounts  of  heat  and  water  produced  by  livestock  vary  not  only  with 
the  different  kinds  of  animals,  but  also  with  age,  weight,  feed  consumption 
and  production.  These  facts,  and  the  vagaries  of  the  weather,  make  exact 
calculations  impossible.  The  following  practical  recommendations  are 
based  on  numerous,  carefully  checked  observations. 

It  is  desirable  to  keep  the  relative  humidity  of  livestock  shelters  below 
85  per  cent.  Temperatures  may  be  as  indicated  in  the  discussion  for  each 
kind  of  animal. 

Dairy  Stables 

The  most  usually  accepted  temperatures  for  dairy  stables  where  cows  are 
confined  in  stanchions  or  tie  stalls,  are  from  45  to  55  P.  These  tempera* 
tures  are  readily  maintained  in  winter  weather  by  the  body  heat  of  the 
herd  in  well  constructed,  well  stocked  and  well  ventilated  stables.  Stable 
volume  in  excess  of  600  cu  ft,  and  exposed  wall  area  in  excess  of  130  sq 
ft  per  1000  Ib  animal  weight  are,  in  general,  undesirable. 

Side  walls  should  have  an  overall  thermal  resistance  of  from  2  to  5 
depending  on  the  temperature  zone  and  wind  exposure.  Thermal  re- 
sistance of  the  ceiling  should  be  50  per  cent  greater  than  that  of  the  side 
walls.  In  stables  of  this  size  and  so  insulated,  a  ventilation  rate  of  3200 
to  3800  cu  ft  per  (hr)  (1000  Ib  of  animal)  usually  insures  good  conditions. 

The  following  recommendations  do  not  apply  to  so-called  pen  stables  or 
loafing  barns  in  which  there  is  a  thick  manure  and  bedding  pack  on  the 
floor,  and  in  which  doors  are  normally  kept  open. 

Outlets.  One  flue  will  serve  a  stable  200  ft  long*  In  stables  over  120 
ft  long  the  flue  should  be  about  midway  between  the  ends  or,  if  the  stable 
is  L-shaped,  near  the  angle.  In  shorter  stables  it  may  be  at  any  con- 
venient location. 

The  exhaust  point  in  the  stable  should  be  not  more  than  18  in,  above  the 
floor.  This  permits  removal  of  only  the  coolest  air,  and  prevents  rapid 
fluctuations  in  stable  temperature. 

A  basic  rule  for  finding  the  cross-section  of  the  outlet  flue  is: 

A.-~^  (6) 

where 

Ao  «  area  of  th©  outlet  flue,  square  inches. 

AT  »  weight  of  animal  population*  thousands  of  pounds. 

h    »  vertical  distance  from  top  of  inlet  flues  to  top  of  outlet  Hue,  feet. 

For  large  flues  the  flue  area  obtained  from  the  basic  formula  naay  well 
bo  educed  according  to  the  chart^  Fig*  6,  'because  of  a  decrease  in  friction. 
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Example  2.  Assume  a  stable  in  which  the  vertical  height  from  the  top  of  the 
inlets  to  the  top  of  the  outlet  flue  is  32.5  ft,  and  in  which  38  cows  averaging  1300  Ib 
will  be  housed. 


Solution.    From  Equation  6 


176  X  (38  X  1.300) 


1525  sq  in. 


From  Fig.  6  the  factor  to  be  applied  to  this  area  is  94,5  per  cent.  Therefore,  the 
area  of  flue  required  is  1525  X  0.945  =  1441  sq  in. 

Inlets.  Inlet  flues,  each  approximately  60  sq  in.  in  area,  have  given 
good  results.  One  such  flue  should  be  provided  for  each  3500  Ib  animal 
weight.  They  should  deliver  air  from  points  12  to  18  in.  below  the  ceiling. 

Sheep  Barns 

Shelters  used  for  breeding  and  feeding  stock  usually  have  enough  openings 
so  that  no  special  provision  for  ventilation  is  required.  Bams  for  winter 
lambing  flocks,  however,  require  ventilation  systems.  Fermentation  in 
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FIG.  6.  MODIFICATION  OF  FLUE  AREA  FOB  OUTLETS  EXCEEDING  1000  SQ  IN. 

the  floor  pack  of  manure  produces  heat,  vapor  and  odor.    These  must  be 
added  to  the  ventilation  load  regularly  produced  by  the  animals. 

Outlets.  In  practice,  results  obtained  by  the  basic  formula,  Equation 
7,  when  modified  by  the  use  of  the  chart,  Fig.  6  have  given  good  re- 
sults: 


(7) 


where 


Ao  -  area  of  the  outlet,  square  inches. 
A(  «  floor  area,  square  feet. 
h  =  vertical  height  from  top  of  inlet  openings  to  top  of  outlet  flue,  feet. 

The  bottom  of  the  outlet  flue  should  be  15  to  24  in.  above  the  surface  of 
of  the  manure  pack. 

Inlets.  Provide  one  inlet,  60  sq  in.  in  area,  for  each  150  sq  ft  of  floor 
area.  Inlets  should  be  well  distributed  around  the  side  walls  and  de- 
signed to  deliver  air  near  the  ceiling  (see  section  on  Dairy  Stables). 
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Swine  Barns 

Community  swine  barns,  because  of  the  extent  of  slop  feeding  and  the 
absence  of  daily  cleaning  of  the  pens,  are  the  most  difficult  farm  buildings 
to  ventilate  satisfactorily.  Farrowing  pens,  to  which  supplemental  heat 
is  supplied,  present  less  of  a  problem.  In  all  cases,  good  floor  drainage  to 
remove  urine  and  excess  spilled  water  is  important. 

Temperatures  of  from  50  to  55  F  are  usually  recommended  for  farrowing 
pens.  It  is  desirable  to  maintain  temperatures  above  freezing  in  all  other 
pens  in  community  houses.  For  barns  that  are  well  stocked  and  adequately 
ventilated,  this  requires  walls  with  an  overall  thermal  resistance  of  from 
3  to  6,  and  ceilings  with  40  to  50  per  cent  greater  resistance. 

Outlets.  The  outlet  flue  should  draw  air  from  a  level  of  15  to  18  in. 
above  the  floor.  Equation  8  is  the  basic  formula  for  flue  area,  and  gives 
reasonably  good  results  when  modified  according  to  the  chart,  Fig.  6: 


Inlets.  At  least  one  inlet  flue  should  be  used  for  each  pen,  Swine  are 
given  or  select  definite  nesting  places,  and  care  must  be  exercised  to  avoid 
having  inlets  located  over  them. 

Total  inlet  area  should  be  approximately  70  per  cent  of  outlet  area. 
The  area  of  individual  inlets  is  best  determined  from  the  total  area  re- 
quired and  the  number  that  can  be  so  installed  as  to  meet  previous  speci- 
fications. Inlets  should  deliver  air  from  points  12  to  15  in.  below  the 
ceiling,  or  from  a  level  deflector  on  a  sloping  ceiling, 

Poultry  Laying  Houses 

From  the  standpoint  of  ventilation,  poultry  laying  houses  may  be 
divided  into  cold  houses  and  warm  houses.  The  former  arc  uninsulated, 
except  in  the  ceiling.  The  inside-outside  temperature  difference  i«  seldom 
more  than  5  P  cleg.  In  the  warm  house,  because  of  insulation  or  supplo- 
mental  heat,  the  temperature  seldom  falls  below  32  F,  and  is  usually  above 
45  F. 

Outlets.  The  outlet  flue  is  best  placed  near  the  middle  of  the  pen,  It  is 
advisable  to  limit  the  length  of  pens  to  80  ft. 

The  area  of  the  outlet  flue  may  be  determined  from  Equation  9  and 
modified  according  to  the  chart,  Fig.  6. 

2.5  X  Af 

A.  m  ^r  (It) 

For  a  cold  house  the  bottom  of  the  flue  should  be  at  the  lovel  of  the 

insulated  ceiling.  In  warm  houses  the  bottom  of  the  flue  should  he  12  to 
15  in,  above  the  level  of  the  floor  litter. 

Inlets,  Inlets  may  be  approximately  00  sq  in,  in  area.  The  total  inlet 
area  may  be  equal  to  70  per  cent  of  the  outlet  area.  Inlets  in  crolii  ami  in 
warm  houses  should  deliver  air  from  points  12  to  24  in.  above!  the*  floor. 
In  cold  houses  which  normally  do  not  have  storm  sanh,  windows  'may  be 
raised  enough  to  give  the  desired  area  and  be  fittcxl  with  baffle  boards  to 
direct  the  air  straight  upward. 

In  houses  less  than  20  ft  in  width,  all  inlets  may  he  on  one  side.  In 
wider  houses,  a  rather  uniform  distribution  of  inlets  is  essential 
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VENTILATION 

Because  of  hazards  resulting  from  carbon  monoxide  and  other  physi- 
ologically harmful^ or  combustible  gases  or  vapors  in  garages,  the  importance 
of  proper  ventilation  of  these  buildings  cannot  be  over-emphasized.  Dur- 
ing the  warm  months  of  the  year,  garages  are  usually  ventilated  adequately 
because  the  doors  and  windows  are  kept  open.  As  cold  weather  sets  in, 
more  and  more  of  the  ventilation  openings  are  closed,  and  consequently  on 
extremely  cold  days  the  carbon  monoxide  concentration  runs  high. 
^  Many  garages  can  be  satisfactorily  ventilated  by  natural  means,  par- 
ticularly during  the  mild  weather  when  doors  and  windows  can  be  kept 
open.  However,  the  A.S.H.V.E.  Code  of  Minimum  Requirements  for 
Heating  and  Ventilating  Garages,  adopted  in  1935,  states  that  natural 
ventilation  may  be  employed  for  the  ventilation  of  storage  sections  where 
it  is  practicable  to  maintain  open  windows  or  other  openings  at  all  times. 
The  code  specifies  that  such  openings  shall  be  distributed  as  uniformly  as 
possible  in  at  least  two  outside  walls,  and  that  the  total  area  of  such  open- 
ings shall  be  equivalent  to  at  least  5  per  cent  of  the  floor  area.  The  code 
further  states  that  where  it  is  impracticable  to  operate  such  a  system  of 
natural  ventilation,  a  mechanical  system  shall  be  used  and  shall  provide 
for  either  the  supply  of  1  cfm  of  outdoor  air  for  each  square  foot  of  floor 
area,  or  for  removing  the  same  amount  and  discharging  it  to  the  outside 
as  a  means  of  flushing  the  garage.10 

Research 

Cooperative  research  on  garage  ventilation,  undertaken  by  the  A.S.H.V.E. 
Committee  on  Research  at  Washington  University,  St.  Louis,  Mo.,  and  at 
the  University  of  Kansas,  Lawrence,  Kans.,  and  tests  conducted  at  the 
A.S.H.V.E.  Research  Laboratory,  have  resulted  in  authoritative  papers 
on  the  subject. 

Some  of  the  conclusions  based  on  work  at  the  Laboratory  are: 

1.  Upward  ventilation  results  in  a  lower  concentration  of  carbon  monoxide  at  the 
breathing  line  and  a  lower  temperature  above  the  breathing  line  than  does  downward 
ventilation,  for  the  same  rate  of  carbon  monoxide  production,  air  change  and  the  same 
temperature  at  the  30-in.  level. 

2.  A  lower  rate  of  air  change  and  a  smaller  heating  load  are  required  with  upward 
than  with  downward  ventilation. 

3.  In  the  average  case,  upward  ventilation  results  in  a  lower  concentration  of 
carbon  monoxide  in  the  occupied  portion  of  a  garage  than  that  obtained  with  mixing 
of  the  exhaust  gases  and  the  air  supplied.    However,  the  variations  in  concentration 
from  point  to  point,  together  with  the  possible  failure  of  the  advantages  of  upward 
ventilation  to  accrue,  suggest  the  basing  of  garage  ventilation  on  complete  mixing, 
and  an  air  change  sufficient  to  dilute  the  exhaust  gases  to  the  allowable  concentration 
of  carbon  monoxide. 

4.  The  rate  of  carbon  monoxide  production  by  an  idling  car  is  shown  to  vary  from 
25  to  50  cfh  with  an  average  rate  of  35  cfh. 

5.  An  air  change  of  360,000  cfh  per  idling  car  is  required  to  keep  the  carbon  mon- 
oxide concentration  down  to  one  part  in  10,000  parts  of  air. 
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Houghten  and  Paul  McDormott  (A.S.H.V.E*  TRANSACTION**.  Vol.  SB,  11)32,"  p.  439), 
A.S.B.V.E.  EMSBAECH  RUPOBT  No.  934— Carbon  Monoxide  Distribution  m  Relation 
to  the  Ventilation  of  a  One-Floor  Garage,  by  F,  C*  Houghten  and  Paul  McDermott 
(A.8JBLVJB.  TRANSACTIONS,  Vol.  38,  1962,  p,  424}.  AJ5.H.V.B,  RBBBAECH  RBPOKT 
No.  967*— Carbon  Monoxide  Distribution  in  Relation  to  the  Heating  and  Ventilation 
of  a  One-Floor  Garage,  by  F-  C.  Houghten  and  Paul  MoDormott  (A.B.ILV.K. 
TEANSACTIONS,  Vol.  39,  1933,  p.  395),  Carbon,  Monoxide  Surveys  of  Two  Garages, 
by  A*  H.  Sluss,  E.  K.  Campbell  and  Louis  M.  Parber  (A.8JLVMS. 
Vol.  40, 1984,  p.  263). 


CHAPTER  11 

HEATING  LOAD 

General  Procedure,  Design  Outdoor  Weather  Conditions,  Inside  Temperatures, 
Attic  Temperatures,  Temperatures  in  Unheated  Spaces,  Ground  Tempera- 
tures, Basement  Temperatures  and  Heat  Loss,  Floor  Heat  Loss  in  Base- 
mentless  Houses,  Transmission  Heat  Loss,  Infiltration  Loss,  Selection 
of  Wind  Velocities,  Auxiliary  Heat  Sources,  Intermittently  Heated 
Buildings,  Residence  Heat  Loss  Problems 

PRIOR  to  designing  a  heating  system,  an  estimate  must  be  made  of  the 
maximum  probable  heat  loss  of  each  room  or  space  to  be  heated,  based 
on  maintaining  a  selected  inside  air  temperature  during  periods  of  design 
outdoor  weather  conditions.  The  heat  losses  may  be  divided  into  two 
groups,  namely  (1)  the  transmission  losses  or  heat  transmitted  through  the 
confining  walls,  floor,  ceiling,  glass  or  other  surfaces  and  (2)  the  infiltration 
losses  or  heat  required  to  warm  outside  air  which  leaks  in  through  cracks 
and  crevices,  around  doors  and  windows,  opening  of  doors  and  windows, 
or  heat  required  to  warm  outside  air  used  for  ventilation. 

GENERAL  PROCEDURE 
The  general  procedure  for  calculating  heat  losses  of  a  structure  is: 

1.  Select  the  design  outdoor  weather  conditions :  temperature,  wind  direction  and 
wind  velocity.    The  data  on  climatic  conditions  given  in  Table  1  and  the  isotherms  of 
average  design  temperature  in  Fig.  1  will  be  helpful,  but  should  be  used  with  judg- 
ment as  suggested  in  the  section  Design  Outdoor  Weather  Conditions. 

2.  Select  the  inside  air  temperature,  which  is  to  be  maintained  in  each  room  during 
the  coldest  weather.    (See  Table  2) . 

3.  Estimate  temperatures  in  adjacent  unheated  spaces  and  the  attic.    The  attic 
temperature  need  not  be  estimated  if  the  combined  roof  and  ceiling  coefficient  is  used. 

4.  Select  or  compute  the  heat  transmission  coefficients  for  outside  walls  and  glass; 
also  for  inside  walls,  floors,  or  top-floor  ceilings,  if  these  are  next  to  unheated  space; 
include  roof  if  next  to  heated  space.    (See  Chapter  9). 

5.  Measure  net  area  of  outside  wall,  glass  and  roof  next  to  heated  spaces,  as  well 
as  any  cold  walls,  floors  or  ceilings  next  to  unheated  space.    Such  measurements  are 
made  from  building  plans,  or  from  the  actual  building,  using  inside  dimensions. 

6.  Compute  the  heat  transmission  losses  for  each  kind  of  wall,  glass,  floor,  ceiling 
and  roof  in  the  building  by  multiplying  the  heat  transmission  coefficient  in  each  case 
by  the  area  of  the  surface  in  square  feet,  and  the  temperature  difference  between  the 
inside  and  outside  air.    (See  Item®  1?  2,  and  3), 

7.  Select  unit  values  and  compute  the  heat  equivalent  of  the  infiltration  of  cold  air 
taking  place  around  outside  doors  and  windows.    These  unit  values  depend  on.  the 
kind  or  width  of  crack,  wind  velocity,  and  the  temperature  difference  between  the 
inside  and  outside  air  j  the  result  expresses  the  heat  required  to  warm  up  the  cold  air 
leaking  into  the  building  per  hour.    (See  Chapter  10). 

8.  When  positive  ventilation  using  outdoor  air  is  provided  by  an  air  heating  or  an 
air  conditioning  unit,  the  heat  required  to  warm  the  outside  air  to  room  temperature 
must  bo  provided  by  the  unit;  if  mechanical  exhaust  from  the  room  is  provided,  in 
amount  equal  to  the  outside  air  drawn  in  by  the  unit,  the  natural  infiltration  losses 
must  also  b©  provided  for  by  the  unit.    If  no  mechanical  exhaust  is  used,  and  the 
outdoor  air  supply  equals  or  exceeds  the  amount  of  natural  infiltration  which  would 
occur  without  ventilation,  the  natural  infiltration  may  be  neglected. 

9.  The  sum  of  the  heat  losses  by  transmission  (Item  6)  through  the  outside  walls 
and  glass,  as  well  as  through  any  cold  floors,  ceilings  or  roof,  plus  the  heat  equivalent 
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(Item  7)  of  the  cold  air  entering  by  infiltration,  or  required  to  replace  mechanical 
exhaust ,  represents  the  total  heat  lews  equivalent  for  any  building. 

DESIGN"  OUTDOOR  CONDITIONS 

There  are  no  hard  and  fast  rules  for  selecting  the  design  outdoor  weather 
conditions  to  be  used  for  a  given  locality  or  type  of  building  or  heating  system, 
and  the  selection  is  to  some  extent  a  matter  of  judgment  and  experience.  The 

outside  design  temperature  seldom  is  taken  as  the  lowest  temperature,  or 
even  the  lowest  daily  mean  temperature  ever  recorded  in  a  given  locality. 
Such  temperatures  rarely  recur  in  successive  years.  Likewise  the  wind 
direction  and  velocity  prevailing  at  the  time  of  design  outside  conditions 
frequently  are  entirely  different  from  those  prevailing  during  the  winter. 

The  A.S.H.V.E.  Technical  Advisory  Committee  on  Weather  Design 
Conditions  has  recommended  the  adoption  for  heating  load  calculations 
of  an  outside  design  temperature  which  is  equalled  or  exceeded  during  97^ 
per  cent  of  the  hours  in  December,  January ,  February  and  March. 

Complete  data  of  this  nature  are  not  available,  but  Column  7,  Table  1, 
lists  this  recommended  design  temperature  based  on  airport  station 
readings  for  the  period  indicated,  generally  the  five  years,  1935-1939.  In 
most  cases  these  stations  are  outside  of  the  city  and  these  data  apply 
primarily  to  rural  areas.  In  general  the  use  of  the  airport  data  for  buildings 
within  an  adjacent  city  will  not  make  an  appreciable  difference  in  design 
load. 

Because  of  the  limited  data  available,  design  temperatures  in  common 
use  are  listed  in  Column  9.  Many  of  these  values  were  furnished  by 
A.S.H.V.E.  members—the  balance  were  taken  from  an  ACRMA  Bulletin,1 

manufacturers*  publications  and  other  sources,2  and  a  few  were  estimated. 
The  map,  Fig.  1,  shows  isotherms  approximated  for  these  design  tempera- 
tures. They  may  be  used  as  a  guide  for  localities  not  listed  in  the  table. 
Interpolation  between  these  lines  is  suggested,  and  due  consideration  must 

be  given  to  elevations  and  other  local  conditions.  Large  differences  in 
climate  occur  within  relatively  small  distances  of  Weather  Biireau  stations 
in  hilly  and  mountainous  regions.  Experience  and  judgment  are  nucmsary 
to  deal  properly  with  this  factor. 

Column  8  of  Table  1  gives  the  maximum  wind  velocity  which  occurred 
with  temperatures  the  same  as,  and  lower  than,  those  shown  in  Column  7. 
Winter  average  velocities  for  all  temperatures  are  given  in  Column  1(1 

Column  6  lists  the  average  annual  minimum  temperature*  which  is  the 

average  of  readings  of  the  one  lowest  temperature  occurring  for  cac-h  year 
the  station  has  been  in  existence.  It  is  of  interest  as  a  guide  to  the  lowest 
temperature  to  be  expected,  except  for  an  occasional  extreme  of  short 
duration. 

INSIDE  TEMPERATURES 

The  inside _  air  temperature  which  must  be  maintained  within  a  building 
is  understood  to  be  the  dry-bulb  temperature  at  the  breathing  line,  1>  ft 
above  the  floor,  or  at.  the  Beating  level,  80  in,  above  the  floor,  un<i  riot 

than  3  ft  from  the  outside  wails,  *  Inside  air  temperatures  usually  Hpcwifutd, 
vary  in  accordance  with  the  intended  use  of  the  building,  and  Table  2 

presents  values  which  conform  to  good  practice* 

The  proper  dry-bulb  temperature  to  be  maintained  depends  upon  the 
relative  humidity  and  air  motion,  as  explained  in  Chapter  0.  In  other 
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TABLE  1.    WIMTKB  CLIMATIC  CONDITIONS* 


COL.  1 

COL.  2 

COT.  3 

COL.  4 

Coiu5 

COL.  6 

COL.  7 

COL.  8 

Cot.  9 

Cot,.  10 

STATE 

STATION1* 

ELE- 
VATION0 

PERIOD 

OF 

RECORD* 

LOWEST 
TEMP.  ON 
RECORD* 

Average 

ANNUAL 
Mw. 

DESIGN 
DRY-BULB 
TEMP.  ON 
TAG  97^% 
BASTS* 

WIND 
VEL.  AT 

DESIGN 

TEMP.S 

DESIGN 
Dar-BuLB 

TEMP.  IN- 
COMMON 

USE1* 

VEjtDisT 

FT 

<>F 

°F 

°F 

MPH 

MPH 

Ala  

Anniston  CO 

733 

1893-1947 

-10 

5 

BisminghaiQ  CO 

711 

1893-1945 

-10 

12 

10 

8  0 

Birmingham       AP 

615 

1939-1947 

-10 

21 

7.4 

Mobile  _..".CO 

143 

1872-1947 

—  1 

22 

15 

9.9 

Mobile  „  !AP 

219 

1940-1947 

13 

30 

8.5 

Montgomery  CO 

293 

1872-1947 

-5 

18 

10 

7*5 

Montgomery  AP 

226 

1938-1944 

9 

19 

Ariz  

Flagstaff.  CO 

6957 

1899-1947 

-25 

-15 

-to 

Isf 

Kingman  AP 

3473 

1935-1939* 

8 

22 

8.6 

Phoenix  CO 

1122 

189S-1947 

16 

26 

2S 

5.4 

Phoenix  AP 

1112 

1937-1947 

21 

31 

5.6 

Tucson  CO 

Up  to  1946 

6 

25 

S.2 

Tucson  ."..'.."..".AP 

2561 

1935-1939d 

19 

30 

6.3 

Winalow..          CO 

4853 

Up  to  1946 

-19 

-1 

-10 

Winslow  AP 

4899 

19324947 

-18 

6 

7.5 

Yuma  CO 

146 

1876-1946* 

n 

27 

30 

6.1 

Ark..  

Fort  Smith  CO 

545 

1882-1945 

-15 

6 

10 

8.3 

Fort  Smith  AP 

463 

1945-1947 

7 

Little  Rock  CO 

451 

1879-1942 

-12 

10 

s 

8»3 

Little  Rock  AP 

282 

1942-1947 

7 

21 

6«6 

Cal.-;  

BakereHeld  AP 

499 

1937-1946* 

19 

25 

33 

5.6 

25 

Burbank  V..AP 

740 

1931-1947 

21 

35 

4,9 

DagRott  _.AP 

1925 

1935-19-39* 

27 

8.S 

Eureka  CO 

115 

1886-1947 

20 

29 

30 

y.3 

Fresno  CO 

387 

1887-1939 

17 

26 

25 

$.4 

Fresno.  AP 

281 

1939-1947 

23 

32 

4.5 

Los  Angeles  CO 

534 

1877-1947 

28 

37 

35 

6.4 

Oakland  AP 

21 

1929-1947 

23 

36 

7.5 

30 

Red  Bluff  CO 

1877-1934 

17 

&1 

Red  BiuflL..v.....,AP 

346° 

1944-1947 

25 

Eeddiug..,  AP 

579 

1935-1939* 

17 

32 

7.1 

Sacramento  CO 

116 

1877-1947 

17 

28 

30 

?«2 

Sacramento  AP 

22 

1938-1947 

22 

San  Diego  CO 

90 

1871-1940 

25 

37 

35 

6.3 

Sau  Diego..  AP 

34 

1939-1947 

34 

43 

5.8 

San  Francisco....CO 

164 

1875-1947 

27 

37 

35 

f«S 

San  JOBG,  CO 

lOOo 

Up  to  1946 

22 

25 

Williams          .AP 

124 

1935-1939<i 

29 

8.3 

Col.    . 

Denver              CO 

5398 

1871-1947 

—29 

—11 

—10 

y  C 

Donver.  AP 

5379 

1934-1947 

-30 

0 

8.8 

Grand  Junctioix..CO 

4587° 

1889-1945* 

-21 

-2 

-15 

4.4 

Pueblo.  -.-..CO 

4770 

1889-1938* 

-27 

-20 

Pueblo  AP 

4810 

1939-1947 

-26 

2 

6.4 

Conn..~,. 

HortfordL..  CO 

229 

1905-1940 

-18 

0 

8.1 

Hartford  AP 

20 

1940-1947 

-24 

4 

8.3 

New  Haven  CO 

180 

1872-1946* 

-15 

-1 

0 

3.4 

New  Haven  AP 

17 

1943-1947 

-4 

11 

8.1 

D  of  a... 

Washington  CO 

128 

1871-1947 

-15 

-1 

0 

73 

Washington  AP 

20 

1935-1939* 

14 

7.4 

FU  

Apalachicola  CO 

23 

1922-1947 

18 

25 

8.4 

Jacksonville.  CO 

104 

1871-1947 

10 

29 

25 

9.0 

Jacksonville  AP 

29 

1938-1947 

16 

31 

7.0 

Key  West  CO 

23 

1871-1947 

41 

45 

10.6 

Kay  Wcsfc  :..,.AP 

48 

1939-1947 

42 

Miami  ._      .     CO 

253 

1896-1947 

27 

38 

35 

10.1 

Miami  AP 

13 

1940-1947 

28 

35 

45 

7.3 

Penaaeola  CO 

67 

1879-1947 

7 

23 

20 

10.9 

Pcmacola  AP 

113 

1943-1947 

20 

Tampa  CO 

'111 

1890-1940* 

19 

32 

30 

8.6 

Tampa  AP 

12 

1941-1946 

31 

TitusviUe...  AP 

52 

1935-1939* 

38 

6.5 

G»  

Atlanta  AP 

1020 

1878-1945* 

-8 

12 

22 

10.2 

10 

U.7 

Augusia  CO 

195 

1871-1946* 

3 

10 

6.5 

Augusta  AP 

424 

1939-1947 

10 

Macon....  CO 

408 

1899-1947 

7 

15 

6.7 

Mocon  AP 

432 

1939-1947 

8 

Savannah  CO 

115 

1871-1945 

8 

22 

20 

9.5 

Savannah  AP 

56 

1939-1947 

16 

29 

7.7 

Idaho  — 

Boise.  „.  .  CO 

2818 

1864-1939* 

-28 

-10 

9«i 

Boise.-  AP 

2849 

1939-1947 

-13 

—1 

5 

4.5 

Burlcy...  AP 

4150 

1935-1939* 

-35 

2 

8.8 

Idaho  Falls  ...AP 

4744 

1935-1939* 

-18 

-7 

7.6 

Lewistoiu,  CO 

763 

1-900-1944 

-23 

1 

t 

5 

44 

Pocatello  CO 

4522 

1899-1947 

-28 

-•  -12 

•—5 

8.9 

Pocatcllo  ,...,AP 

4467 

W38-1947 

-23 

6 

7.2 

111**.*...*... 

Cairo  ,,..,  CO 

319 

1872-1947 

-16 

0 

9,8 

Chicago  CO 

601« 

Up  to  1946 

-23 

-8 

-10 

12,0 

Chicago.™  l'.AP 

615 

1935-1939<* 

-3 

11,7 

Moliiw  .  AP 

594 

1935-1939* 

-6 

10.8 

-10 

Peoria  .  AP 

660 

1935-1939* 

6 

10.7 

-10 

8.3 

Blank  spaces  indicate  data  not  yet  completed. 
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TABLE  1.    WINTER  CLIMATIC  CONDITIONS*—  (CONTINUED) 


COL.  I 

COL.  2 

Coi,3 

COL.  4 

COL.  5 

COL.  6 

Cot,.  7 

COL.  8 

Coi,.  9 

COL.  10 

STATE 

STATION15 

ELE- 
VATION0 

PERIOD 

OF 

RECORD* 

LOWEST 
TEMP.  ON 
RECORD* 

Average 
ANNUAL 
MIM. 
TEMP." 

DESIGN 
DRY-BULB 

TEMP.  ON 
TAC97H^ 
BASIS' 

WIND 
VKL.  AT 
DRSUGN 
TEUP.C 

DESIGN 
DRY-BULB 

TEMP.  IN 

COMMON 

USR>> 

Avo,  WIND 
Vsu-Dsc. 
JAN,-FKB.» 

FT 

«F 

oF 

°F 

MPH 

°F 

MPH 

11!  

Springfield  Ct 

603 

1879-1947 

-24 

-7 

-10 

11.9 

Springfield  A] 

o08 

1930-1947 

-19 

-2 

11.6 

Ind  

Kvansville  €0 

464 

1897-1940 

-16 

1 

9.6 

Fort  Waync._  CO 
Heliftcr               A] 

885 
970 

1911-1941 
1935-1939* 

-24 

-i 

11.5 

-10 

10.4 

Indianapolis  C( 

816 

187  1-1  94  6* 

-25 

-6 

-10 

11.3 

Indianapolis  A] 

800 

1932-1  9<Wd 

-18 

2 

11.4 

Tcrrc  Haute  .CO 

1146 

1893-1946<* 

-18 

-5 

10.2 

Terre  Haute  Al 

589 

-11 

Iowa.-... 

Charles  City  CO 

1023 

1891-1945* 

-34 

-22 

7.9 

Davenport.  CO 

648 

1872-1947 

-27 

-13 

-IS 

10.5 

Dea  Monies  CO 

803 

1878-1945* 

-30 

-IS 

10.1 

Des  Moiucs  A] 

979 

1935-1939* 

-8 

14.5 

Diibuoue       .    CC 

740 

1874-1947 

-32 

-17 

-20 

7.1 

Kcokuk  C( 

637 

1871-1943^ 

-27 

-12 

8.3 

Sioux  City  CO 

1093* 

1889-1944 

-35 

-20 

-20 

11.5 

Sioux  City  AI 

1098 

1940-1946* 

-24 

Kansas.- 

CoBcordia  CO 

1425 

1885-1947 

-25 

-13 

-10 

7.7 

Dodge  City  CC 

2515 

1942-1947 

-26 

-10 

-10 

10.6 

Dcxfee  City  AP 

2599 

1874-1942 

-26 

Topeka  .„  ...  CO 

991 

1887-1947 

-25 

-10 

9.2 

Topeka  AI 

883 

1946-1947 

-21 

Wichita  .......CO 

1497 

1888-1939 

-22 

-4 

-10 

114 

Wichita  Al 

1423 

19394947 

-10 

6 

14.7 

Ky.  

Louisville  CC 

563 

1871-1947 

-20 

-5 

0 

9.8 

Louisville  AP 

544 

1937-1947 

-15 

9 

8.8 

La  

New  Orleans  CO 

85 

1374-1947 

7 

26 

20 

8.6 

New  Orleans  AP 

a 

1937-1947 

19 

36 

12,8 

Shreveport  ......AP 

179 

1935-1939* 

16 

27 

8.9 

20 

as 

Maine... 

Eastport  CO 
Portland  CO 

100 
70 

1873-1947 
1885-1940 

-23 
-21 

-15 
-6 

-10 

-s 

U,6 
10.4 

Portland  AP 

66 

1940-1047 

-39 

Md.  

Baltimore  —  .  —  CC 

114 

1871-1947 

-7 

8 

0 

8.2 

Bi»  !  timore  A  P 

43 

1935-1939* 

13 

8.9 

Mm  

Boston  ,^...CC 

356 

1S70-1035* 

-18 

-3 

0 

12.4 

Boston  AP 

45 

19*6-1947 

-14 

8 

12.3 

Nfantuckot  CO 

45 

1886-1947 

-6 

0 

14,8 

Naotucket-  AP 

48 

1946-1947 

12 

Mich,.... 

Alpwia.  -  CO 

615 

Up  to  1946 

-28 

-12 

-10 

11.0 

Dfttroit  ........CO 

1000 

18734933 

-24 

—11 

-10 

12,1) 

Detroit  AP 

632 

19354939* 

4J 

11.0 

Itacamba  CO 

645 

18784945* 

-32 

-ts 

9.5 

Grand  lltt|>ida....CO 

706 

18914946* 

-24 

-10 

12.1 

Lansing..*-™.  C(l 

861 

M04947 

-25 

-10 

9.8 

Lansing  .AP 

863 

1Q40-W7 

-10 

Marqutitte..,........CO 

721 

18744947 

-27 

-13 

-10 

itu» 

flault  St.  Mark.CQ 

724« 

188M942* 

-.37  ' 

-22 

-20 

8.9 

Minn..-.. 

Duluth   CO 

1133 

18744947 

-41 

-28 

-25 

U.4 

Duluth  ..AP 

1413 

1941-1047 

-33 

Mi  nnwipoUs  CO 

945 

18W-1947 

-34 

-23 

-20 

11.3 

Minneaiwiia  AP 

873 

19384947 

-3t 

8t,  Paul  CO 

951 

18714W3 

-41 

-25 

-20 

9.5 

St.  Paul.  AP 

708 

19374947 

-26 

-18 

-15 

9.9 

Miss  

Meridian...  JOO 

410 

18894947 

-6 

15 

10 

6.3 

Meridian  AP 

298 

19394947 

-7 

Vickshurg..  CO 

316 

1874-1947 

-1 

18 

10 

8,3 

ViekHburg..  .AP 

266 

19414947 

10 

Ma...,,,.. 

Columbia...  CO 

739 

18894947 

-26 

-10 

8,9 

Columbia  ..,.„  AP 

7S7 

19394947 

-18 

Kansas  City.-  (20 

741- 

18H94940 

-22 

-6 

-10 

10,3 

Kansas  City.,.;,...AP 

780 

1WS4939* 

2 

10,6 

HI,  L0ui8  CO 

646 

1871-1947 

-22 

-2 

0 

tu 

8t.  Louis.—  AP 

597 

19304947 

-19 

3 

MiJ 

Springfield  ..AP 

1270 

19JS-1939* 

-5 

S 

11.0 

U.O 

Mont....... 

Billinp  AP 

3584 

1935-1939*4 

-30 

-17 

9.1 

-25 

U.4 

Butte  CO 

5700* 

1894-1931 

-34 

-20 

Butte  ..AP 

5538 

1931-1947 

-52 

-IS 

4J 

Havre  00 

2498 

1880-1947 

-57 

-36 

-30 

9,4 

Helena  (JO 

417S« 

18804940d 

-42 

-24 

-20 

7,4 

KalispdL..  .,00 

3004 

18974947 

-34 

-17 

-20 

5.2 

Mite  City  (JO 

2400 

1892-1942* 

-49 

-30 

-35 

5,6 

Wilw  City..,  AP 

2629* 

1935-1939* 

-18 

8,4 

Keb^... 

Lincoln.  00 

1189 

1887-1947 

«29 

-13 

-10 

tO,tf 

Lincoln........  ...AP 

I1S5 

1933-1947 

-26 

rvr  ft 

12.7 

North  PIatto«...CO 

231  5 

1674-1947 

-35 

-17 

-20 

7,9 

North  I'Jatte  .AP 

2m 

1935-1939* 

_9 

10,7 

Omaha..  ..«..,.CO 

1219 

1873-1935 

-32 

-14 

-10 

9,7 

Omaha,,,...  AP 

1009 

1935-Prw. 

-21 

-8 

1U 

%Ieotttw,..._CO 

2627 

1SS94947 

-3$ 

-22 

-25 

9.2 

*  Approadmai*  valu«. 
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TABLE  1.    WINTBE  CLIMATIC  CONDITIONS* — (CONTINUED) 


COL.  1 

COL.  2 

COL.  3 

COL.  4 

COL.  5 

COL.  6 

COL.  7 

COL.  8 

'  COL.  9 

COL.  10 

STATE 

STATION  *> 

ELE- 
VATION0 

PERIOD 

OF 

RECORD* 

LOWEST 
TEMP  ON 
RECORD* 

Average 

ANNUAL 
MIN. 
TEMP  ° 

DESIGN 
DRY-BULB 

TEMP.  ON 
TAC97H% 

WIND 

VEL.  AT 
DESIGN 

DESIGN 
DRY-BULB 

TEMP.  IN 
COMMON 

AVG.  WIND 
VEL.-DEC. 

JAN.-FEB.* 

BASIS* 

x  1EMP. 

USE** 

FT 

°F 

oF 

op 

MPH 

op 

MPH 

Nev.  ..:... 

Klko                  AP 

5079 

1935-1939* 

A 

Las  Vegas  AP 

1882 

1937-1947 

8 

16 

23 

5.3 

Reno  _  CO 

4588 

1905-1942 

-19 

0 

—5 

6.0 

Reno  AP 

4417 

1940-1947 

-16 

7 

3.6 

Winnemucca  CO 

4293 

1871-1947 

-36 

-10 

-15 

8.1 

jj1  jj  

Concord  CO 

343 

1871-1941 

-35 

-15 

—15 

6.2 

Concord  AP 

359 

1941-1947 

-37 

N.  J  

Atlantic  City._:..CO 

45 

1874-1947 

-9 

6 

5 

15.8 

Camden  AP 

20 

1935-1939* 

12 

9.5 

Newark..™  AP 

15 

1931-1947 

-14 

10 

11.6 

0 

Sandy  Hook  .....CO 

19 

1914-1938* 

-11 

o 

16.1 

N.  M...... 

Trenton  CO 
Albuquerque  CO 

144 
5022 

1S66-1946 
1931-1933 

-14 

.  5 

2 

0 
0 

10.9 
7.3 

Albuquerque  AP 

5319 

1933-1947 

-6 

16 

7.1 

Kl  Morro  AP 

7120 

1940-1947 

-25 

-19 

-6 

4.6 

Rodeo  „  AP 

4116 

1935-1939* 

25 

8.4 

Roswell.  CO 

3643 

1905-1947 

-29 

-10 

7.1 

Tucurucari  AP 

4054 

1935-1939* 

13 

9,2 

N.  Y  

Albany  .'  CO 

114 

1874-1947 

-24 

-11 

-10 

10.5 

Albany  AP 

280 

1938-1947 

-22 

0 

9.6 

Binghamton  CO 

915 

1891-1946 

-28 

-11 

-10 

6.8 

BinRhamton.  AP 

836 

1942-1947 

-17 

Buffalo  CO 

693° 

1873-1945* 

-20 

-4 

-5 

17.1 

Buffalo  AP 

726 

1935-1939* 

3 

14.0 

Canton  CO 

458 

1889-1947 

-43 

-26 

-25 

10.5 

Elmira  AP 

948 

1935-1939* 

5 

8.0 

Ithaca        .      CO 

888 

1879-1937 

-24 

-10 

-15 

11.3 

New  York  CO 

425 

1871-1947 

—14 

-3 

•      0 

16.8 

Oswego  CO 

363 

1871-1943 

-23 

-9 

-10 

12.1 

Rochester......  CO 

609 

1872-1947 

-22 

-4 

-5 

9.6 

Rochester.  AP 

560 

1935-1939* 

-16 

4 

119 

Syracuse.  CO 

465 

1928-1940 

-24 

-10 

11.2 

Syracuse  -..AP 

404 

1940-1947 

-26 

-1 

8.9 

N.  C  

Asheville  CO 

22SO 

1902-1947 

-6 

6 

0 

9.5 

Charlotte.......  CO 

809 

1878-1947 

-5 

12 

10 

7.3 

Charlotte.  AP 

757 

1939-1947 

-3 

22 

7.5 

Greensboro  AP 

896 

1928-1947 

-7 

17 

7.8 

10 

Raleigh  CO 

405 

1944-1947 

-2 

13 

10 

7.9 

Raleigh  AP 

Wilmington  CO 

446 
78 

1935-1939* 
1871-1947 

5 

18 

20 

8.5 

15 

9.4 

N.  D,... 

Bismarck....  CO 

1675 

1875-1940 

-45 

-31 

-30' 

9.1 

Bismarck  AP 

1655 

1940-1947 

-38 

-24 

7.1 

Devils  Lake.  CO 

1481 

1904-1947 

-46 

-33 

-30 

10.1 

Dickinson.  AP 

2599 

1935-1939* 

-20 

1    12.4 

Kargo  AP 

900 

1935-1939* 

-25 

10.9 

-25 

Pembma  ...AP 

830 

1935-1939* 

-30 

11.9 

Williaton..,..  CO 

1919 

1879-1947 

-50 

-35 

8.6 

Ohio  

Akron  CO 

1887-1931* 

-20 

-5 

Akron  AP 

104 

1935-1939* 

9 

10.6 

Cincinnati  CO 

772 

1870-1947 

-17 

-2 

0 

8.5 

Cincinnati  AP 

488 

1931-1947 

-14 

7 

8.0 

Cleveland-  CO 

6C9 

1871-1946* 

-17 

-2 

0 

14.7 

Cleveland  AP 

813 

1930-1946* 

-=5 

6 

13.8 

Columbus..  CO 

812 

1878-1946* 

-20 

—10 

11.6 

Columbus  .  AP 

820 

1939-1947 

-15 

-3 

4 

10.5 

Dayton  CO 

1086 

1883-1943 

-28 

0 

11.1 

Dayton  AP 

1002 

1940-1947 

-11 

Sanduaky.  00 

60S 

1878-1946* 

-16 

0 

11.0 

Toledo  CO 

668 

1871-1947 

-16 

-5 

-10 

12.1 

Toledo  AP 

626 

1940-1947 

-13 

4 

12.1 

Okla,.... 

Ardmore  AP 

762 

'   1935-1939* 

18 

9.7 

Oklahoma  City..CO 

1264 

1890-1947 

—17 

2 

0 

11.5 

Oklahoma  City..AP 

1311 

1939-1947 

-10 

14 

14.7 

Tuba  AP 

686 

1932-1947 

-5 

13 

11.3 

0 

Waynoka  AP 

1529 

1935-1939* 

10 

11.3 

Ore  

Arlington  AP 

881 

1935-1939* 

7 

7.8 

Baker  CO 

3501 

1889-1947 

-25 

-17 

-5 

5.6 

Baker  AP 

3374 

1939-1947 

-19 

3 

6.4 

Kugene       .    .,  CO 

366 

1890-1942* 

-4 

15 

Kugene  AP 
Medford  CO 

368 

1942-1947 
1911-1929 

9 
-10 

23 

5.3 

5 

4.3 

Medford  AP 

1343 

1929-1947 

-3 

23 

4.3 

Portland  CO 

98 

1874-1947 

-2 

18 

10 

7.3 

Portland  .....AP 

25 

1940-1947 

3 

22 

8.0 

Roseburg  CO 

523 

1877-1947 

-6 

19 

10 

3.9 

Pa  

Curwenaville  AP 

2219 

1943-1947 

-10 

0 

13.5 

Kri«u  -..CO 

771 

1873-1946 

-16 

-3 

-5 

13.6 

Krie  AP 

736 

1935-1939* 

6 

12.1 

Harrisburg.  ,..,CO 

335  « 

1888-1938* 

-14 

3 

0 

7.6 

Harrieburg_'...A? 

339 

1935-1939* 

7 

9.0 
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TABLE  1,    WINTEB  CLIMATIC  CONDITIONS*—  (CONTINUED) 


COL.  I 

COL.  2 

COL.  3 

COL  4 

COL.  5 

COL.  6 

COL.  7 

COL.  S 

COL.  9 

COL  10 

STATE 

STATION^ 

ELE- 
VATION0 

PERIOD 

OF 

RECORD* 

LOWEST 
TEMP.  ON 
RECORD* 

Average 

ANNUAL 
MIN. 
TEMP.« 

DESIGN 
DRY-BULB 
TKMP.  ON 
TAG  97}  «^ 
BASIS' 

WIND 
VEL.  AT 
DESIGN 
TEMP.  « 

DESIGN 
DRY-BULI 
TEMP.  IN 
COMMON 
Us** 

Avo.  WIND 
VEL  -DEC. 
JAN.-FEB.I 

FT 

op 

°F 

°F 

MPH 

°F 

MPFI 

Pa...,!  

Philadelphia  CO 

200 

1871-1947 

-11 

6 

0 

1U)     ' 

Philadelphia  AP 

18 

1940-1947 

i 

Pittsburgh  .".CO 

929 

1875-1947 

-20 

-2 

0 

11.6 

Pittsburgh  AP 

1284 

1935-1947 

-16 

6 

12.1 

Reading  CO 

311 

1913-1947 

-14 

9k 

0 

9.0 

Wcranton  CO 

877 

1901-1947 

-19 

-5 

7.6 

Sunbury  AP 

448 

1935-1939* 

7 

7.1 

R,  r  

Block  Island  CO 

46 

1881-1947 

-10 

0 

20,6 

Providence  CO 

77 

1904-1947 

-17 

1 

0 

121 

s.  c  

Charleston  CO 

59 

1871-1947 

7 

22 

15 

10,5 

Charleston  AP 

51 

1940-1947 

14 

26 

6.9 

Columbia  CO 

401 

1887-1947 

-2 

19 

10 

8,0 

Columbia  AP 

227 

1939-1947 

9 

Greenville.-  CO 

1006° 

Up  to  1946 

-5 

10 

8,4 

S  D..  

Huron  ..CO 

1342 

1881-1938 

-43 

-26 

-20 

10,7 

Huron  AP 

1287 

1938-1947 

-30 

Rapid  City._  CO 

3309 

1888-1947 

-.34 

-21 

-20 

8.0 

Rapid  City  AP 

3220 

1939-1947 

-27 

Tenn  , 

ChatKnooKU  CO 

952 

1879-1947 

-10 

9 

10 

7.7 

Chattanooga  AP 

675 

1940-1947 

6 

19 

6.2 

Knoxvillo  ,...CO 

1024 

18714942 

-16 

2 

0 

7.2 

Knoxvillo  AP 

1007 

1942-1947 

1 

Memphis  CO 

348 

1872-1941 

-9 

9 

0 

9.3 

Memphis  AP 

267 

1941-1947 

1 

19 

8.9 

Nubhvillc  CO 

714 

1871-1947 

-13 

5 

0 

9.8 

Nashville  AP 

610 

1939-1947 

-15 

14 

7.3 

Texas  

Abilene  CO 

1748 

1885-1944 

-6 

15 

10.1 

Abilenn  AP 

1756 

1940-1947 

-9 

20 

10.4 

—  S 

Amarillo  CO 

3686 

1892-1941 

-16 

0 

-10 

12.1 

Amarillo  ,..AP 

3595 

1941-1947 

-7 

11 

12,9 

Austin....  CO 

625 

1897-1942 

-1 

20 

8.3 

Austin  AP 

625 

1942-1047 

13 

Brownsville  CO 

140 

1922-1043 

12 

29 

30 

10.4 

Brownsville  AP 

25 

19*3-1947 

30 

Corpus  ChristL.CO 

21 

1887-1942* 

11 

20 

1  1.0 

CorpuHChri8tL.,AP 

45 

1943.1940(1 

23 

Oalliw  ....(JO 

732 

1913-1940 

-3 

13 

0 

10.6 

Dallas  AP 

520 

1940-1947 

S 

23 

8.8 

Del  llio.«.  00 

1020 

1905-1947 

12 

ts 

8.0 

Kl  IW  00 

3792 

1880-1942 

-S 

16 

10 

9,0 

Kl  Pano  ,AP 

3956 

1939-1947 

11 

26 

8.6 

Fort  Worth  CO 

708 

1898-1939* 

•"•8 

12 

10 

10.5 

Fort  Worth  AP 

728 

1940  1947 

4 

(lalvcflton...  CO 

128 

187  1-1947 

8 

20 

11,2 

(lalvcaton.  AP 

9 

1939-1947 

14 

Houston  CO 

198 

18.S8-1947 

5 

22 

20 

10,5 

Houston        ,    AP 

73 

1032-1947 

s 

33 

9.2 

Palestine,,  CO 

555 

188  1-19-17 

-6 

15 

8.0 

Pwt  Arthur  CO 

64 

1917-1947 

11 

20 

10,7 

Port  Arthur.,  AP 

21 

1944-1947 

24 

iSau  Antonio  CO 

770° 

1885-1941 

4 

21 

20 

8,3 

Kan  Antonio  .AP 

800 

1942-1047 

17 

32 

7.6 

Waco  AP 

513 

19.41-1017 

7 

26 

11,6 

Wink..  ..AP 

28U 

1935-  W9<* 

23 

8,5 

Utah.... 

Milford  ,...,AP 

S09S 

193  5-1  9  W 

-17 

—2 

7.7 

Mrnlwrn  00 

5472 

1901-1947 

-32 

-15 

-IS 

«M) 

Salt  Lake  City  ,.00 

43i<5 

1874-1947 

-20 

-2 

j-10 

7,H 

Salt  Uk«Oily...,AP 

4254 

1928-1947 

-30 

7 

7,4 

Vt  

Burlington  .....CO 

409 

1884-1943 

-29 

-17 

-10 

n,r> 

Burlington  AP 

335 

1943-1944 

-23 

Va..  

Guiw  Henry  00 

24 

1874-1947 

S 

10 

IKO 

Lynch  burg  ....CO 

644 

1874-1944 

-.7 

8 

5 

K,l 

Lynch  burg  AP 
Norfolk.,  »  CO 

951 
91 

1944-1947 
18714947 

7 
2 

15 

IS 

1JJ 

Richmond.  CO 

180 

1897-1947 

-3 

10 

15 

u 

Richmond  AP 

172 

1929-1947 

r-12 

IS 

7,1 

Roanoke  AP 

1194 

19354939* 

21 

8.2 

Waab.... 

Kltawburr..-  AP 

1731 

1935-1939* 

1 

3.8 

North  Head  ...CO 

199 

18844947 

a 

2*' 

20 

lo.I 

Seattle  00 

104 

1890-1947 

3 

20 

15 

<;,H 

Seattle  AP 

47 

19284947 

3 

24 

6.3 

Spokane.  CO 

2030 

18814941 

-30 

_5 

-15 

6,2 

Spokane.,..  AP 

1974 

19414947 

-7 

4 

11 

Tacoma..  CO 

279 

1R97-19+7 

7 

IS 

»(i 

Talooflh  la  .,.,,00 

no 

1883-1947 

7 

15 

ix.y 

Yakinra.—  CO 

1160 

19384946 

-24 

-3 

41 

Yakima...  ..AP 

1066 

19444947 

-4 

W.  Va,... 

Elkins  ....CO 

1969° 

1898-1944 

-28 

~8 

-W 

6,2 

Farkdrsburg.,,.,..CO 

635 

1888-1947 

-27 

-1 

-W 

7J 
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TABLE  1.    WINTER  CLIMATIC  CONDITIONS* 


COL.  1 

STATE 

COL.  2 

STATION*1 

COL.  3 

ELEYA- 
TIOKC 

FT 

COL.  4 
PBEIOD 

OP 
RECOBDd 

COL.  5 

LOW- 
EST 
TEMP. 

ON 

E.EC: 

OEDd 

°F 

COL,  6 

AVER- 
AGE 

ANNUAL 
MIN. 

TEMP.8 

°F 

COL.  7 
DESIGN 
DBY- 
BULB 
TEMP.  ON 
TAG 
97^% 
BASIS* 
«F 

COL.  8 

WIND 
VBL.  AT 
DESIGN 

TEMP.fi 

MPH 

COL.  9 

DESIGN 
DBY- 

BtTLB 

TEMP. 

IN 
COMMPN 

USB11 

°F 

COL.  10 

Ava. 
WIND 
VEL. 
DEC. 
JAN., 

FEB.1 

MPH    , 

Wise  

Green  Bay  .     .CO 
LaCrosse...     .CO 
La  Crosse.  .  .     .AP 
Madison      .      CO 

598 
725 
677 
1008 
884 
744 
707 
6144 
6161 
5448 
5568 
6746 

1886-1947 
1872-1947 
1943-1947 
1858-1947, 
1935-1939d 
1870-1947 
1927-1947 
1873-1935 
1935-1947 
1891-1946 
1946-1947 
1932-1S42 

-36 
-43 
-28 
-29 

-25 
-29 
-38 
-34 
-40 
-14 
-33 

-18 
-21 

-12 
-18 
-12 

-17 
-8 
-6 
-3 

-7 

6.9 
9.1 
11.9 
11.1 

9.1 

-20 
-25 

-15 
-15 
-15 
-18 

10.5 
9.3 

10.1   ' 
12.1 
13.3 
3.9 

Wyo. 

Madison       .     .AP 

Milwaukee..     .CO 
Milwaukee.  .     .  AP 
Cheyenne..     .CO 
Cheyenne...     .AP 
Lander              CO 

Lander            .  AP 

Rock  Springs.  .AP 

Alta 

Edmonton 

2219° 
22° 
228° 
788° 
164° 
136° 
912° 
294° 
644° 
379° 
186° 
187° 
296° 
1414° 
1062° 
428° 

Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 
Up  to  1943 

-57 
2 
-2 
-54 
-35 
-12 
-27 
-35 
-40 
-26 
-27 
-29 
-34 
-70 
-68 
-21 

-41 
13 
19 
-38 
-25 
0 
-14 
-24 
-29 
-11 
_13 

-18 
-23 
-47 
-54 
-5 

-40 
10 
5 
-35 
-20 
-5 
-5 
-20 
-30 
-10 
-10 
-15 
-20 
-45 
-45 
-10 

7.5 
4.5 
12.6 
10.1 
9.1 
14.3 
10.3 
8.4 
8.0 
13.6 
9.8 
11.3 
13.3 
5.1 
3.7 
12 

B  C 

"Vancouver 

Man.    .     . 

Victoria 

Winnipeg 

N.  B. 

Fredericton  

N.  S  

Yarmouth,  

Out 

London 

P.E.I,... 
Que  

Ottawa  

Port  Arthur 

Toronto       

Charlottetown  
Montreal  

Bask.    .  .. 

Quebec  

Prince  Albert  
Dawson  

Y.  T  

New! 

St.  Johns 

*  United  States  Data  compiled  from  U".  8.  Weather  Bureau  Records  for  years  indicated,  and  Canadian  data 
from  Meteorological  Service  of  Canada  corrected  to  1946. 

b  Col.  2.  The  stations  followed  by  letters  AP  are  airport  stations,  all  others  are  city  office  stations  and  are 
followed  by  letters  CO. 

0  Col.  3 .  The  elevations  marked  o  are  ground  elevations  of  the  station.  All  other  elevations  given  are  the 
actual  elevations  of  the  thermometer  bulb  above  mean  sea  level. 

d  Col.  4 ,  The  periods  of  record  indicated  apply  only  to  the  lowest  temperature  ever  recorded  shown  in  Col. 
5,  and  generally  extend  from  a  summer  month  of  the  first  year  indicated  through  the  spring  months  of  the  last 
year  indicated.  The  periods  marked  by  d  terminated  in  December  of  the  year  indicated. 

e  Average  of  readings  of  one  lowest  temperature  obtained  for  each  year, 

£  It  should  be  noted  that  Col.  7  applies  only  to  airports,  as  these  data  for  city  stations  are  not  available  at 
this  time.  The  temperature  shown  is  the  minimum  hourly  out-door  temperature  which  has  been  equalled  or 
exceeded  97$  per  cent  of  the  total  hours  in  December,  January  and  February  for  the  period  of  record.  It  is 
pointed  out  that  in  most  cases  the  airport  stations  are  outside  of  the  city  and  these  data  would  apply  primarily 
to  rural  areas. 

«  Col.  8  indicates  the  average  wind  velocity  which  occurred  at  temperatures  the  same  as,  and  lower  than* 
the  temperatures  shown  in  Col.  7. 

h  Col.  9  records  design  temperatures  in  use  by  A.S.H.V.E,  Members  as  reported  by  Chapter  Secretaries 
for  the  various  stations.  Where  these  were  not  available  the  design  temperatures  from  an  ACRMA  publica- 
tion and  various  other  sources  have  been  inserted. 

*The  wind  velocities  indicated  in  Col.  10  were  furnished  by  the  U.  S.  Weather  Bureau  and  corrected 
through  Feb.  1948. 

JThe  bulletin  published  by  A.8.H.V.E.  for  annual  weather  data  of  Detroit  indicates  0  as  design 
temperature. 

*  Computed  for  Reading  by  Karl  BheUey  and  O,  F.  Smith. 

words,  a  person  may  feel  warm  or  cool  at  the  same  dry-bulb  temperature, 
depending  on  the  relative  humidity  and  air  motion.  The  optimum  winter 
effective  temperature  for  sedentary  persons,  as  determined  at  the  A.S.H.V.E. 
Research  Laboratory,  is  67-68  ET. 

As  explained  in  Chapter  6  for  so-called  still  air  conditions,  a  relative 
humidity  of  approximately  50  per  cent  is, required  to  produce  an  effective 
temperature  of  68  ET  when  the  dry-bulb  temperature  is  72.5  F.  However, 
even  where  provision  is  made  for  artificial  humidification,  the  relative 
humidity  is  seldom  maintained  higher  than  40  per  cent  during  the  ex- 
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tremely  cold  weather,  and  where  no  provision  is  made  for  humidlficmtlon, 
the  relative  humidity  may  be  20  per  cent  or  less.  Consequently*  in  using 
the  figures  listed  in  Table  2,  consideration  should  be  given  to  the  actual 
relative  humidity  to  be  maintained,  if  provision  is  to  be  made  for  humldjfi- 
cation.  If  no  humidification  is  to  be  provided,  the  higher  temperatures 
may  not  even  produce  comfort  on  cold  days;  if  humidity  is  to  m  main- 
tained at  50  per  cent,  the  lower  temperatures  will  apply. 
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In  rooms  having  large  glass  areas,  when  sun  Is  not  shining,  or  in  rooms 
with  walls  having  a  high  transmission  coefficient,  the  lowered  surface  tem- 
perature will  cause  a  feeling  of  coolness  even  though  the  air  temperature  in 
the  room  is  at  or  above  the  temperatures  indicated  in  the  table.  In  rooms 
of  this  character,  it  is  desirable  to  design  for  even  higher  temperatures  than 
those  listed,  unless  a  compensating  high  temperature  surface  is  installed  to 
offset  the  low  temperature  surfaces. 

The  inside  temperatures  specified  in  Table  2  will  not  necessarily  apply  to 
panel  heated  rooms  due  to  the  fact  that  the  panels  usually  maintain  a 
higher  wall  or  glass  surface  temperature/ thus  producing  comfort  at  lower 
air  temperatures. 

Temperature  at  Proper  Level.  In  making  the  actual  heat  loss  compu- 
tations, however,  for  the  various  rooms  in  a  building  it  is  often  necessary 

TABLE  2.    WINTER  INSIDE  DRY-BULB  TEMPERATURES  USUALLY  SPECIFIED* 


TYPE  OF  BUILDING 


DECK 


TYPE  OF  BUILDING 


DEGF 


SCHOOLS — 

Class  rooms.- 

Assembly  rooms. — 

Gymnasiums 

Toilets  and  baths. 

Wardrobe  and  locker  rooms... 

Kitchens 

Dining  and  lunch  rooms..., 

Playrooms 

Natatoriums 

HOSPITALS — 

Private  rooms 

Private  rooms  (surgical) 

Operating  rooms ;. 

Wards. -: 

Kitchens  and  laundries 

Toilets 

Bathrooms. — 


70-72 
68-72 
55-65 

70 
65-68 

66 

65-70 
60-65 

75 


70-72 
70-80 
70-95 

68 

66 

68 
70-80 


THEATERS — 

Seating  space — . 

Lounge  rooms 

Toilets.-- 

HOTELS — 

Bedrooms  and  baths 

Dining  rooms., 

Kitchens  and  laundries 

Ballrooms 

Toilets  and  service  rooms 


HOMES 

STORES - 

PUBLIC  BUILDINGS.-, 

WARM  AIR  BATHS 

STEAM  BATHS 

FACTORIES  AND  MACHINE  SHOPS- 
FOUNDRIES  AND  BOILER  SHOPS-... 
PAI  NT  SHOPS 


68-72 

68-72 

68 


70 
70 
66 

65-68 
68 

70-72 

65-68 

68-72 

120 

110 

60-65 

50-60 

80 


*  The  most  comfortable  dry-bulb  temperature  to  be  maintained  depends  on  the  relative  humidity  and 
air  motion.  These  three  factors  considered  together  constitute  what  w  termed  the  &•**•  temperature. 
(See  Chapter  8.)  When  relative  humidity,  is  not  controlled  separately,  optimum  dry-bulb  temperature  for 
comfort  will  be  slightly  higher  than  shown  in  Table  2. 

to  modify  the  temperatures  given  in  Table  2  so  that  the  air  temperature 
at  the  proper  level  will  be  used.  By  air  temperature  at  the  proper  level  is 
meant,  in  the  case  of  walls,  the  air  temperature  at  the  mean  height  be- 
tween floor  and  ceiling;  in  the  case  of  glass,  the  air  temperature  at  the 
mean  height  of  the  glass;  in  the  case  of  roof  or  ceiling,  the  air  temperature 
at  the  mean  height  of  the  roof  or  ceiling  above  the  floor  of  the  heated 
room;  and  in  the  case  of  floors,  the  air  temperature  at  the  floor  leveL 

Temperature  at  Ceiling.  The  air  temperature  at  the  ceiling  is  generally 
higher  than  at  the  breathing  level  due  to  stratification  of  air  resulting  from 
the  tendency  of  the  warmer  or  less  dense  air  to  rise.  An  allowance  for  this 
fact  should  be  made  in  calculating  ceiling  heat  losses,  particularly  in  the 
ease  of  high  ceilings.  However,  the  exact  allowance  to  be  made  may  be 
somewhat  difficult  to  determine  as  it  depends  on  many  factors,  including 
(1)  the  type  of  heating  system,  (2)  ceiling  height,  and  (3)  the  inside- 
outside  temperature  differential.  The  type  of  heating  system  is  par- 
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ticularly  important,  as  the  temperature  gradient  from  floor  to  breathing- 
level  to  ceiling  may  depend  to  a  large  extent  on  whether  direct  radiation, 
unit  heaters  or  warm  air  is  used,  and  in  the  latter  case,  whether  the  air  is 
moved  mechanically  or  by  gravity. 

It  is  impracticable  to  establish  rigid  rules  for  determining  the  temperature 
difference  to  use  in  all  cases.  However,  for  residences  and  structures  hav- 
ing ceiling  heights  under  10  ft,  the  comparatively  small  temperature 
differential  between  the  breathing  level  and  ceiling  generally  may  be  neg- 
lected without  serious  error.  For  higher  ceilings,  an  allowance  of  approxi- 
mately 1  per  cent  per  foot  of  height  above  the  breathing  level  may  be  made 
for  ceiling  heights  up  to  15  ft  and  approximately  -&  of  1  deg  per  foot 
of  height  above  this  level.  The  values  in  Table  3  are  calculated  on  this 

TABLE  3 .    APPROXIMATE  TEMPERATURE  DIFFERENTIALS  BETWEEN  BREATHING  LEVEL 
AND  CEILING,  APPLICABLE  TO  CERTAIN  TYPES  OF  HEATING  SYSTEMS* 


CEILING 

BREATHING  LEVEL  TEMPKRATURE  (5  FT  ABOVK  FLOOR) 

HEIGHT 

(FT) 

60 

65 

70 

72 

74 

76 

78 

80 

85 

90 

10 

3.0 

3.3 

3.5 

3.6 

3,7 

3.8 

3.9 

4.0 

4,3 

4,5 

11 

3.6 

3.9 

4.2 

4.3 

4.4 

4.6 

4.7 

4.8 

5.1 

5.4 

12 

4.2 

4.6 

4.9 

5.0 

5.2 

5.3 

5.5 

5.6 

6.0 

6.3 

13 

4.8 

5.2 

5.6 

5.8 

5.9 

6.1 

6.2 

6.4 

6.8 

7.2 

14 

5.4 

5.9 

6.3 

6.5 

6.7 

6.8 

7.0 

7.2" 

7.7 

8.1 

15 

6.0 

6.5 

7.0 

7.2 

7.4 

7.6 

7.8 

8.0 

8.5 

9.0 

16 

6.1 

6.6 

7,1 

7.3 

7.5 

7.7 

7.9 

8,1 

8.8 

9.1 

17 

6.2 

6.7 

7.2 

7.4 

7.6 

7.8 

8.0 

8,2 

8.7 

9.2 

18 

6.3 

6.8 

7.3 

7.5 

7.7 

7.9 

8.1 

£3 

8.8 

9.3 

19 

6.4 

6,9 

7.4 

7,6 

7.8 

S.O 

8,2 

8.4 

8.» 

•  9.4 

20 

6.5 

7.0 

7.5 

7,7 

7.9 

8.1 

8.3 

8.5 

9.0 

9,5 

25 

7.0 

7.5 

8.0 

8.2 

8.4 

8,6 

as 

9.0 

9.5 

10.0 

30 

7.5 

8,0 

8.5 

8.7 

8.9 

9.1 

9.3 

9.5 

10.0 

10.5 

35 

8.0 

8.5 

9.0 

9.2 

9.4 

9.6 

9.8 

10,0 

10.5 

11.0 

40 

8.5 

9.0 

9.5 

9.7 

9.9 

10.1 

10.3 

10,5 

11.0 

11.5 

45 

9,0 

9.5 

10.0 

10.2 

10,4 

10.6 

10.8 

11,0 

115 

12.0 

50 

9.5 

10.0 

10.5 

10,7 

10.9 

11.1 

11.3 

11.5 

12.0 

12,5 

a  The  figures  In  this  table  are  based  on  an  increase  of  1  per  cent  per  foot  of  height  above  the  breathing  lovol 
(5  ft)  up  to  15  ft  and  i'0  of  ono  decree  for  each  foot  a-bov©  15  ft,  This  table  is  generally  applicable  to  forced  air 
types  of  heating  systems.  For  direct  radiation  or  gravity  warm  air,  increase  values  50  per  cent  to  100  per 
cent. 

basis.  For  direct  radiation  and  gravity  warm  air  systems,  the  allowance 
should  be  increased  from  50  per  cent  to  100  per  cent  over  those  given  in 
Table  3.  These  rules  should,  however,  be  used  with  considerable  discretion. 
Temperature  at  Floor  Level.  According  to  the  University  of  Illinois 
Research  Residence  tests,8  the  temperature  at  the  floor  level  ranged  from 
about  2|  to  6  deg  below  that  at  the  breathing  level,  or  somewhat 
greater  than  the  difference  between  the  breathing  level  arid  ceiling 
temperatures.  Tests  at  the  University  of  Wisconsin4  indicated  a  some- 
what smaller  differential  between  the  floor  and  breathing  level  tempera- 
tures. As  a  general  rule,  if  the  breathing  level  to  ceiling  temperature 
differential  is  neglected  (as  with  ceiling  heights  under  10  ft),"" the  breathing 
level  floor  differential  may  also  be  neglected,  as  the  two  are  somewhat 
compensating,  especially  where  both  floor  and  ceiling  heat  losses  are 
calculated  for  the  same  space.  In  other  oases,  the  10  ft  temperature 
differentials  in  Table  3  may  be  used  in  arriving  at  the  floor  heat  loss*  these 
differentials  to  be  subtracted  from  the  breathing  level  temperature. 
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ATTIC  TEMPERATURES 

Frequently,  it  Is  necessary  to  estimate  the  attic  temperature,  and  in 
such  cases  Equation  1  can  be  used  for  this  purpose: 

t 

where 

t&  =  attic  temperature,  Fahrenheit  degrees. 

ti  «  inside  temperature  near  top  floor  ceiling,  Fahrenheit  degrees. 
t0  —  outside  temperature,  Fahrenheit  degrees. 
Ac  =  area  of  ceiling,  square  feet. 
AT  =  area  of  roof,  square  feet. 

Aw  =  area  of  net  vertical  attic  wall  surface,  square  feet. 
Ag  —  area  of  attic  glass,  square  feet. 

U0  —  coefficient  of  transmission  of  ceiling,  based  on  surface  conductance  of  2.20 
(upper  surface,  see  Chapter  9).  2.20  =  reciprocal  of  one-half  the  air  space 
resistance. 

Ur  »  coefficient  of  transmission  of  roof,  based  on  surface  conductance  of  2.20 

(lower  surface,  see  Chapter  9). 

Uw  s=  coefficient  of  transmission  of  vertical  wall  surface. 
UK  =  coefficient  of  transmission  of  glass. 

Example  L  Calculate  the  temperature  in  an  unheated  attic,  assuming  the  follow- 
ing conditions:  h  «  70;  t0  =  10;  A0  «  1000;  AT  =  1200;  A*  »  100;  As  »  10;  UT  = 
0.50;  U0  «  0.40;  S7W  =  0.30;  Ug  «  1.13. 

Solution:  Substituting  these  values  in  Equation  1  : 

(1000  X  0.40  X  70)  +  10[(1200  X  0.50)  +  (100  X  0.30)  +  (10  X  113)1 
**  "*  (1000  X  0.40)  +  (1200  X  0.50)  +  (100  X  0-30)  +  (10  X  113) 


Equation  1  neglects  the  effect  of  any  interchange  of  air  such  as  would 
take  place  through  attic  vents  or  louvers  intended  to  preclude  attic  con- 
densation. However,  according  to  tests,5  such  venting  of  attics  by  means 
of  small  louvers  or  other  small  openings  does  not  appreciably  reduce  the 
attic  temperature  and  may  be  neglected  without  serious  error.  The 
attic  temperature  may  be  calculated  in  the  usual  manner  by  means  of 
Equation  1,  allowing  the  full  value  of  the  roof.  The  error  resulting  from 
this  assumption  will  generally  be  considerably  less  than  if  the  roof  were 
neglected  (as  is  sometimes  the  practice)  and  the  attic  temperature  as- 
sumed to  be  the  same  as  the  outside  temperature.  When  relatively  large 
louvers  are  installed  as  is  customary  in  the  southern  states,  the  attic 
temperature  is  often  assumed  as  the  average  between  inside  and  outside. 

For  a  shorter,  approximate  method  of  calculating  heat  losses  through 
attics,  the  combined  ceiling  and  roof  coefficient  may  be  used  as  described 
in  Chapter  9. 

TEMPERATURES  IHT  UNHEATED  SPACES 

The  heat  loss  from  heated  rooms  into  unheated  rooms  or  spaces  must 
be  based  on  the  estimated  or  assumed  temperature  in  such  unheated 
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spaces.  This  temperature  generally  will  range  between  the  inside  and 
outside  temperatures,  depending  on  the  relative  areas  of  the  surfaces  ad- 
jacent to  the  heated  room  and  those  exposed  to  the  outside.  If  the  re- 
spective surface  areas  adjacent  to  the  heated  room  and  exposed  to  the 
outside  are  approximately  the  same,  and  if  the  coefficients  of  transmission 
are  approximately  equal,  the  temperature  in  the  unheated  space  may  be 
assumed  to  be  the  mean  of  the  inside  and  outside  design  temperatures. 
If,  however,  the  surface  areas  and  coefficients  are  unequal,  the  tempera- 
ture in  the  unheated  space  should  be  estimated  by  means  of  Equation  2. 

t(AiUi±jA^ 

AiUi  +  AzUz  +  AM  +  etc.  +  A&U*  +  A*ul  +  AJJ.~+  ©tc7   "          } 

where 

tu  =  temperature  in  unheated  space,  Fahrenheit  degrees. 
t  =  inside  design  temperature  of  heated  room,  Fahrenheit  degrees. 
tQ  —  outside  design  temperature,  Fahrenheit  degrees, 
Ai9  A*>  ^»>  etc-    "  areas  of  surface  of  unheated  space  adjacent  to  heated  space, 

square  feet. 
AA1  Ab,  -Ac,  etc.  =  areas  of  surface  of  unheated  space  exposed  to  outside,  square 

feet. 

Ui,  Z72,  U*,  etc.  *=»  coefficients  of  transmission  of  surfaces  of  A^  A$,  A*9  etc. 
U*,  t/b,  Ui,  etc.  •=»  coefficients  of  transmission  of  surfaces  A»,  A\>,  A9t  etc. 

Example  #.  Calculate  the  temperature  in  an  unheated  space  adjacent  to  a  heated 
room  having  surface  areas  (Ai,  At,  and  A*)  in  contact  therewith  of  1007  120,  and  140 
sqft  and  coefficients  (Ui,  C/s,  and  Ut)  of  0.15,0.20,  and  0.25,  respectively.  The  surf  ace 
areas  of  the  unheated  space  exposed  to  the  outside  (A*  and  A*)  are  respectively  100 
and  140  sq  ft,  and  the  corresponding  coefficients  are  0.10  and  0,30,  The  sixth  surface 
is  on  the  ground  and  is  neglected  in  this  example.  Assume  t  *•  70  and  tQ  *«  —  •  10, 

Solution.    Substituting  in  Equation  2: 


(100  X  0.15)  +  (120  X  0.20)  +  (140  X  0.25)  +  (100  X  0-10)  +  (140  X  0.30) 


. 

The  temperatures  in  unheated  spaces  having  large  glass  areas  and  having 
two  or  more  surfaces  exposed  to  the  outside  (such  as  sleeping  porches  and 
sun  parlors),  generally  are  assumed  to  be  the  same  as  outside* 

GROUND  TEMPERATURES 

Ground  temperatures  to  be  assumed  for  estimating  basement  heat 
losses  usually  will  differ  in  the  case  of  basement  walls  and  floors,  the 
temperatures  under  the  floors  generally  being  higher  than  those  adjacent 
to  walls* 

Temperatures  Adjacent  to  Basement  Walls 

Ground  temperatures  near  the  surface  and  under  open  spaces  vary 
with  the  climate,  the  season  of  the  year  and  the  depth  below  the  surface. 
The  nearer  the  surface  (during  the  cold  weather)  the  lower  will  be  the 
ground  temperature*  Frost  will  penetrate  to  a  depth  of  over  4  ft  in  some 
localities  if  not  protected  by  snow.  A  thick  blanket  of  snow  will  resulfc  in 
a  higher  ground  temperature  near  the  surface.  Consequently,  ground 
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temperatures  near  the  surface  may  be  higher  in  cold  climates  where  the 
snow  remains  on  the  ground  for  a  greater  length  of  time,  than  in  more 
moderate  climates  where  the  snow1  melts  away  periodically  during  the 
winter. 

Complete  data  are  not  available,  but  in  estimating  heat  losses  through  walls 
below  grade,  it  is  advisable  to  assume  average  ground  temperatures  not 
higher  than  32  F  in  northern  climates  when  estimating  heat  losses  from 
heated  basements.  This  is  for  the  mean  height  of  the  basement  wall. 
Since  the  recommended  transmission  coefficient  for  basement  walls  in  con- 
tact with  the  soil  is  only  0.10,  any  reasonable,  assumed  ground  temperature 
will  not  materially  affect  the  calculated  heat  loss. 

Temperatures  Under  Basement  Floors 

The  temperature  of  the  ground  under  basement  floors6  is  affected  by  heat 
sources  within  the  basement  and  is  not  influenced  by  atmospheric  condi- 
tions. In  computing  losses  through  basement  floors,  the  ground  tempera- 
tures may  be  assumed  to  be  the  same  as  water  temperatures  at  depths  of 
30  to  60  ft  given  in  Fig.  3,  Chapter  34.  Test  observations  indicate 
that  heat  losses  through  basement  floors  frequently  are  over-estimated.7 

BASEMENT  TEMPERATURES  AND  HEAT  LOSS 

The  allowance  to  be  made  for  basement  heat  loss  depends  on  whether 
the  basement  is  to  be  heated  or  not. 

If  the  basement  is  heated  to  a  specified  temperature,  the  heat  loss  should 
be  calculated  in  the  usual  manner,  based  on  the  proper  wall  and  floor  co- 
efficients (see  Chapter  9)  and  the  outside  air  and  ground  temperatures. 
Heat  loss  through  windows  and  walls  above  grade  should  be  based  on  out- 
side temperatures  and  the  proper  air-to-air  coefficients.  Heat  loss  through 
basement  walls  below  grade  should  be  based  on  the  floor  and  wall  coeffi- 
cients for  surfaces  in  contact  with  the  soil,  and  on  the  proper  ground 
temperature. 

If  a  basement  is  completely  below  grade  and  is  not  heated,  the  tem- 
perature in  the  basement  normally  will  range  between  that  in  the  rooms 
above  and  the  ground  temperature.  Basement  windows  will,  of  course, 
lower  the  basement  temperature  when  it  is  cold  outside  and  heat  given  off 
by  the  heating  plant  will  increase  the  basement  temperature.  In  any  case, 
the  exact  basement  temperature  is  indeterminate  if  the  basement  is  not 
heated.  Since  the  basement  temperature  generally  will  be  lower  than  that 
of  the  rooms  above,  an  allowance  theoretically  should  be  made  for  the  loss 
from  the  rooms  above  through  the  floor  over  the  basement. 

The  temperature  in  crawl  spaces  below  floors  will  vary  widely  depending 
on  the  number  and  size  of  wall  vents,  the  amount  of  warm  piping  present 
and  type  of  piping  insulation.  It  is  necessary,  therefore,  to  evaluate  the 
conditions  and  to  select  an  appropriate  temperature  by  judgment. 

FLOOR  HEAT  LOSS  IN  BASEMENTLESS  HOUSES 

Two  types  of  concrete  floors  are  in  common  use  in  basementless  houses: 
(a)  the  floor  not  heated  but  relying  for  warmth  on  radiation  received  from 
walls,  ceiling,  etc.,  and  (b)  the  floor  containing  heating  pipes  or  ducts  and 
constituting  a  radiant  slab  for  heating  or  partially  heating  the  house. 

For  type  (a)  the  floor  heat  loss,  economically  considered,  is  of  minor 
importance  since  it  comprises  generally  about  10  per  cent  of  the  total  heat 
loss  of  the  house.  From  the  comfort  standpoint,  however,  it  may  be  most 


238 


11 


1950  Guide 


important,  since  houses  with  cold  floors  are  not  successfully  heated.  In 
this  connection,  it  should  be  remembered  that  a  well  insulated  floor  does 
not  assure  comfort  if  down-drafts  from  windows  or  exposed  walls  create 
pools  of  chilly  air  over  considerable  areas  of  the  floor.  For  this  reason  a 
floor  of  type  (a)  should  not  be  used  in  a  severe  climate,  except  with  a  ceiling 
panel  heating  system  or  other  system  capable  of  warming  the  floor 
uniformly  by  radiation. 

Data  are  meager,  but  the  results  of  some  experiments7  indicate  that  the 
heat  loss  from  a  concrete  slab  floor  on  grade  is  more  nearly  proportional  to 
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the  perimeter  than  to  the  area  of  the  floor,  and  that  the  heat  loss  can  be 
estimated  by  means  of  the  formula: 


FP  0  - 


(3) 


where 


HF  «  heat  loss  of  the  floor,  Btu  per  hour. 
P  «  perimeter  or  exposed  edge  of  the  floor,  linear  feet. 

F  •*  heat  loss  coefficient,  Btu  per  (hour)  (linear  foot  of  exposed  odgo)  (degree  dif- 
ference in  temperature  between  the  inside  air  and  the  outside  air)*    (See  Fig  2.) 
t  »•  inside  air  temperature,  Fahrenheit, 
<0  »  outside  air  temperature,  Fahrenheit, 

Values  of  coefficient  F  were  determined8  for  four  types  of  floors  and  are 
shown  in  Fig.  2» 

Floors  of  type  (b),  consisting  of  concrete  slabs  placed  on  the  ground*  and 
containing  heating  pipes  or  ducts,  are  now  in  use  in  maay  small  dwelling 
houses.  The  heat  loss  downward  or  through  the  ground  from  such  floors 
is  called  the  reverse  loss.  Authoritative  data  for  computing  or  estimating 
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the  magnitude  of  reverse  losses  are  lacking;  it  is  customary  for  designers  to 
allow  a  percentage  (often  in  the  range  from  10  to  20  per  cent)  of  the  house 
heat  loss  to  cover  the  reverse  heat  loss  from  such  a  floor.  The  desirability 
of  edge  insulation  is  apparent,  but  standards  of  practice  have  not  been 
established.  An  inch  of  fibrous  waterproof  material  is  the  minimum  thick- 
ness of  edge  insulation  that  is  recommended,  and  greater  thicknesses 
sometimes  may  be  worthwhile.8  Such  a  floor  usually  is  placed  above  a 
cinder  or  gravel  fill  four  or  more  inches  thick,  both  to  insulate  the  floor 
from  the  earth  and  to  retard  the  rise  of  ground  water  by  capillarity.  Obvi- 
ously, it  is  important  that  such  floors  be  laid  several  inches  above  grade, 
and  that  effective  sub-soil  drainage  be  provided  to  avoid  water  soaked  slabs 
from  rain  or  melting  snow,  and  consequent  excessive  heat  loss. 

TRANSMISSION  HEAT  LOSS 

The  basic  formula  for  the  loss  of  heat  by  transmission  through  any 
surface  is  given  in  Equation  4: 

JT,  -  AU  (t  -  «o)  (4) 

where 

Hi  »  heat  loss  transmitted  through  the  wall,  roof,  ceiling,  floor,  or  glass,  Btu  per 
hour. 

A  =  area  of  wall,  glass,  roof,  ceiling,  floor,  or  other  exposed  surface,  square  feet. 

U  =  coefficient  of  transmission,  air  to  air,  Btu  per  (hour)  (square  foot)  (Fahren- 
heit degree  temperature  difference)  (Chapter  9). 

t  =  inside  temperature  near  surface  involved  (this  may  not  necessarily  be  the 
so-called  breathing  line  temperature),  Fahrenheit  degrees. 

$o  =  outside  temperature,  or  temperature  of  adjacent  unheated  space  or  of  the 
ground,  Fahrenheit  degrees. 

Example  S.  Calculate  the  transmission  loss  through  an  8  in.  brick  wall  having  an 
area  of  150  sq  ft,  if  the  inside  temperature  (t)  is  70  F  and  the  outside  temperature  (£<>) 
is  -10  F. 

Solution.  The  coefficient  of  transmission  (U)  of  a  plain  8  in.  brick  wall  is  0.50 
(Chapter  9,  Table  7).  The  area  (A)  is  150  sq  ft.  Substituting  in  Equation  4: 

Ft  -  150  X  0.50  X  [70  -  (  -10)]  -  6000  Btu  per  hour. 

Transmission  Loss  Through  Ceilings  and  Roofs 

The  transmission  heat  loss  through  top  floor  ceilings,  attics,  and  roofs 
may  be  estimated  by  either  of  two  methods: 

1.  By  substituting  in  Equation  4  the  ceiling  area  (A),  the  inside-outside  tempera- 
ture difference  (t  —  t0)  and  the  proper  value  of  (U): 

a.  Flat  roofs.    Select  the  coefficient  of  transmission  of  the  ceiling  and  roof  from 
Tables  14  or  15,  Chapter  9,  or  use  appropriate  coefficients  in  Equation  1  if  side 
walls  extend  appreciably  above  the  ceiling  of  the  floor  below. 

b.  Pitched  roofs.    Select  the  combined  roof  and  ceiling  coefficient  from  Table  17. 
Chapter  9  or  calculate  the  combined  roof  and  ceiling  coefficient  by  means  of 
Equation  5,  Chapter  9,  where  this  formula  is  applicable  as  explained  in  Chapter 
9. 

2.  By  estimating  the  attic  temperature  (based  on  the  inside  and  outside  design 
temperatures)  by  means  of  Equation  1,  and  substituting  for  t0  in  Equation  4,  the 
value  of  t&  thus  obtained,  together  with  the  ceiling  area  (A)  and  the  ceiling  coefficient 
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(?7).  This  applies  to  pitched  roofs.  In  tlie  case  of  flat  roofs  it  is  not  necessary  to 
calculate  the  attic  temperatures,  as  the  ceiling-roof  heat  loss  can  be  determined  as 
suggested  in  paragraph  la. 

INFILTRATION  HEAT  LOSS 

The  infiltration  heat  loss  includes  (1)  the  sensible  heat  loss  or  the  heat 
required  to  warm  the  outside  air  entering  by  infiltration  and  (2)  the  latent 
heat  loss  or  the  heat  equivalent  of  any  moisture  which  must  be  added. 

Sensible  Heat  Loss 

The  formula  for  the  heat  required  to  warm  the  outside  air  which  enters 
a  room  by  infiltration  to  the  temperature  of  the  room,  is  given  in  Equation  5: 

HB  =  0,240  Qd  (t  -  fp)  (5) 

where 

jET8  «  heat  required  to  raise  temperature  of  air  leaking  into  building  from  t0  to  t, 

Btu  per  hour. 
0.240  ==  specific  heat  of  air. 

Q  «•  volume  of  outside  air  entering  building,  cubic  feet  per  hour  (see  Chapter 

10). 
d  «  density  of  air  at  temperature  t0)  pounds  per  cubic  foot. 

It  is  sufficiently  accurate  to  use  d  =  0.075  in  which  case  Equation  5 
reduces  to 

tf »  -  0.018  Q  (t  -  Q  (5a) 

The  volume  of  outside  air  entering  per  hour  (Q)  depends  on  the  wind 
velocity  and  direction,  the  width  of  crack  or  size  of  openings,  the  type  of 
openings  and  other  factors,  as  explained  in  Chapter  10.  Where  the  crack 
method  is  used  for  estimating  leakage,  it  is  more  convenient  to  express 
the  air  leakage  heat  loss  in  terms  of  the  crack  length; 

H»  m  B  L  (t  -  t0)  (5b) 

where 

B  »  air  leakage  per  (hour)  (foot  of  crack)  (Chapter  10)  for  the  wind  velocity  and 

type  of  windows  or  door  crack  involved  >  multiplied  by  0.018. 
L  «  length  of  window  or  door  crack  to  be  taken  into  consideration,  feet. 

Example  4,  What  is  the  infiltration  heat  loss  per  hour  through  the  crack  of  &  3  x 
5  ft  average,  double-hung,  non-weatherstripped,  wood  window,  based  on  a  wind 
velocity  of  16  mph?  Assume  inaide  and  outside  temperature*  to  be  70  F  and  sero, 
respectively, 

Solution.  According  to  Table  2,  Chapter  10,  th©  air  leakage  through  a  window  of 
this  type  (based  on  tV  in.  crack  and  A  in.  clearance)  is  39  eu  ft  per  (ft  of  crack) 
.hour).  Therefore,  B  «  39  X  0,018  •*  0,70.  The  length  0!  crack  (L)  is  (2  X  5)  + 
>3  X  3),  or  19  ft;  t  «  70  and  f,  «  0.  Substituting  in  Equation  5bf 

F.  -  0.70  X  10  X  (70  -  0)  -  031  Btu  per  hour, 

Number  of  Air  Changes  to  be  Used  for  Computations 

Since  a  certain  amount  of  judgment  regarding  quality  of  construction, 
weather  conditions,  use  of  room  and  other  factors  is  required  in  estimating 
infiltration  by  any  method,  some  desiptere  base  infiltration  upon  an  esti- 
mated number  of  air  changes  rather  than  upon  the  length  of  window  cracks* 
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Table  4  of  Chapter  10  indicates  air  changes  commonly  used  but  should  be 
taken  only  as  a  guide.  For  further  discussion  of  the  method  see  section  on 
Air  Change  Method  in  Chapter  10. 

Crack  Length  to  be  Used  for  Computations 

For  designers  who  prefer  to  use  the  crack  method  the  basis  of  calculation 
is  as  follows:  The  amount  of  crack  used  for  computing  the  infiltration 
heat  loss  should  be  not  less  than  half  of  the  total  length  of  crack  in  the 
outside  walls  of  the  room.  For  a  building  having  no  partitions,  air  entering 
through  the  cracks  on  the  windward  side  must  leave  through  the  cracks 
on  the  leeward  side.  Therefore,  take  one-half  the  total  crack  for  com- 
puting each  side  and  end  of  the  building.  In  a  room  with  one  exposed 
wall,  take  all  the  crack;  with  two  exposed  walls,  take  the  wall  having  the 
most  crack;  and  with  three  or  four  exposed  walls,  take  the  wall  having  the 
most  crack;  but  in  no  case  take  less  than  half  the  total  crack. 

The  total  infiltration  loss  of  a  building  having  partitions  will  not  be 
equal  to  the  sum  of  the  infiltration  losses  of  the  various  rooms,  since  at 
any  given  time  infiltration  will  take  place  only  on  the  windward  side  or 
sides  and  not  on  the  leeward  side.  Therefore,  if  a  building  has  more  than 
one  room  which  is  divided  by  interior  walls  or  partitions,  it  is  sufficiently 
accurate  to  use  half  of  the  total  infiltration  losses  for  determining  the 
total  heat  requirements. 

Latent  Heat  Loss 

When  it  is  intended  to  add  moisture  to  air  leaking  into  a  room  in  order 
to  maintain  proper  winter  comfort  conditions,  it  is  necessary  to  determine 
the  heat  required  to  evaporate  the  water  vapor  added,  which  may  be 
calculated  by  the  equation: 

where 

Hi  **  heat  required  to  increase  moisture  content  of  air  leaking  into  building  from 
m0  to  mi,  Btu  per  hour. 

Q  —  volume  of  outside  air  entering  building,  cubic  feet  per  hour. 

d  *=  density  of  air  at  temperature  tit  pounds  per  cubic  foot. 
mi  «•  vapor  density  of  inside  air,  grains  per  pound  of  dry  air. 
m«  «  vapor  density  of  outside  air,  grains  per  pound  of  dry  air. 
hit  *=*  latent  heat  of  vapor  at  m\t  Btu  per  pound. 


If  the  latent  heat  of  vapor  (A/a)  is  assumed  to  be  1060  Btu  per  Ib,  Equa- 
tion 6  reduces  to: 

Hi  -  0.0114  Q  (mi  -  m0)  (6a) 

Equations  5a,  5b  and  6a  may  also  be  used  for  determining  the  sensible 
and  latent  heat  gains  due  to  infiltration  in  cooling  load  computations. 

SELECTION  OF  WIND  VELOCITIES 

The  effect  of  wind  on  the  heating  requirements  of  any  building  should 
be  given  consideration  under  two  heads: 

1.  Wind  movement  increases  the  heat  transmission  of  walls,  glass,  and  roof, 
affecting  poor  walls  to  a  much  greater  extent  than  good  walls. 
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2.  Wind  increases  materially  the  infiltration  of  cold  air  through  the  cracks  around 
doors  and  windows,  and  even  through  the  building  materials  themselves. 

Theoretically  as  a  basis  for  design,  the  most  unfavorable  combination 
of  temperature  and  wind  velocity  should  be  chosen.  It  is  entirely  possible 
that  a  building  might  require  more  heat  on  a  windy  day  with  a  moderately 
low  outside  temperature,  than  on  a  quiet  day  with  a  much  lower  outside 
temperature.  However,  the  combination  of  wind  and  temperature,  which 
is  the  worst,  would  differ  with  different  buildings,  because  wind  velocity 
has  a  greater  effect  on  buildings  which  have  relatively  high  infiltration 
losses.  It  would  be  possible  to  compute  the  heating  load  for  a  building 
for  several  different  combinations  of  temperature  and  wind  velocity  which 
records  show  to  have  occurred,  and  to  select  the  worst  combination,  but 
designers  generally  do  not  feel  that  such  a  degree  of  refinement  is  justified. 

Therefore,  since  Table  1  lists  the  average  velocity  of  winds  occurring  at 
temperatures  equalled  or  exceeded  97|  per  cent  of  the  winter  period  for 
each  locality,  this  value  should  be  the  basis  for  estimating  infiltration 
losses.  When  using  the  air  change  method  it  will  not  be  necessary  to 
consider  the  wind  velocities.  Designers  employing  the  crack  method 
generally  use  values  corresponding  to  a  15-mile  wind.  Due  to  the  small 
effect  of  the  wind  velocity  on  the  transmission  coefficient,  the  values  in 
Chapter  9,  based  on  a  15-mile  wind  may  be  used  with  sufficient  accuracy 
for  all  ordinary  conditions. 

Exposure  Factors 

Many  designers  use  empirical  exposure  factors  to  increase  the  calculated 
heat  loss  of  rooms  or  spaces  on  the  side  or  sides  of  the  building  exposed  to 
the  prevailing  winds.  However,  the  use  of  exposure  factors  is  unneces- 
sary when  the  GUIDE  method  of  calculating  heat  losses  is  used.  Therefore, 
exposure  factors  may  be  regarded  as  factors  of  safety  for  the  rooms  or  spaces 
exposed  to  the  prevailing  winds,  to  allow  for  additional  capacity  for  these 
rooms  or  spaces,  or  to  balance  the  radiation,  particularly  in  the  case  of 
multi-story  buildings.  Tall  buildings  may  have  severe  infiltration  heat 
losses,  induced  by  their  stack  effect  (see  Chapter  10),  which  will  require 
special  consideration.  Although  the  exposure  allowance  frequently  is  as- 
sumed to  be  15  per  cent,  the  actual  allowance  to  be  made,  if  any,  must  to 
a  large  extent  be  a  matter  of  experience  and  judgment  of  the  designer, 
since  there  are  at  present  no  authentic  test  data  available  from  which  rules 
could  be  developed  for  the  many  conditions  encountered  in  practice. 

As  stated  previously,  the  value  of  U  in  the  tables  of  Chapter  9  is  based 
on  a  wind  velocity  of  15  mph,  and  the  surface  resistance  for  this  wind 
velocity  (0.17)  is  sufficiently  low  so  that  higher  wind  velocities  will  decrease 
the  surface  resistance  to  a  negligible  extent,  and  therefore  have  only  a 
slight  effect  on  the  average  overall  coefficient.  On  the  other  hand,  infiltra- 
tion losses  vary  almost  directly  as  the  wind  velocity,  as  will  be  apparent 
from  the  factors  in  Table  2  of  Chapter  10.  The  more  accurate  method, 
therefore,  would  be  to  differentiate  among  the  various  exposures  by  calcu- 
lating the  infiltration  and  transmission  losses  separately  for  the  different 
orientations  of  the  building,  using  design  wind  velocities  for  the  infiltration 
losses  on  the  various  sides. 

AUXILIARY  HEAT  SOURCES 

The  heat  supplied  by  persons,  lights,  motors  and  machinery  always 
should  be  ascertained  in  the  case  of  theaters,  assembly  halls,  and  industrial 
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plants,  but  allowances  for  such  heat  sources  must  be  made  only  after  careful 
consideration  of  all  local  conditions.  In  many  cases,  these  heat  sources 
should  not  affect  the  size  of  the  heating  plant  at  all,  although  they  may  have 
a  marked  effect  on  the  operation  and  c'ontrol  of  the  system.  In  general, 
where  audiences  are  present,  the  heating  system  must  have  sufficient 
capacity  to  bring  the  building  to  the  stipulated  inside  temperature  before 
the  audience  arrives.  In  industrial  plants,  quite  a  different  condition 
exists,  and  heat  sources,  if  always  available  during  occupancy,  may  be 
substituted  for  a  portion  of  the  heating  installation.  In  no  case  should  the 
actual  heating  installation  (exclusive  of  heat  sources)  be  reduced  below 
that  required  to  maintain  at  least  40  F  in  the  building. 

Electric  Motors  and  Machinery 

Motors  and  the  machinery  which  they  drive,  if  both  are  located  in  the 
room,  convert  all  of  the  electrical  energy  supplied  into  heat.  This  heat  is 
retained  in  the  room  if  the  product  manufactured  is  not  removed  until  its 
temperature  is  the  same  as  the  room  temperature. 

If  power  is  transmitted  to  the  machinery  from  the  outside,  then  only 
the  heat  equivalent  of  the  brake  horsepower  supplied  is  used.  In  some 
mills  this  is  the  chief  source  of  heating,  and  it  is  frequently  sufficient  to 
overheat  the  building  even  in  zero  weather,  thus  requiring  cooling  by 

TABLE  4.    HEAT  EQUIVALENTS  OF  VARIOUS  SOURCES* 

Machinery  (Motor  in  room  =  Motor  Hp/efficiency  x  2544  Btu/hr. 

Machinery  (Motor  outside  room)  =  Motor  Hp  x  2544  Btu/hr. 

Electric  Lights  =  Kilowatts  x  3413  Btu/hr. 

Gas  (Producer  =  150)  (Manufactured  =  535)  (Natural  «  1000)  Btu/cu  ft. 

*  Additional  values  are  given  in  Chapter  12,  Table  25. 

ventilation  the  year  'round.  Table  4  shows  the  heat  output  equivalent 
of  various  sources  of  heat  in  a  factory.  For  information  concerning  the 
heat  supplied  by  persons,  refer  to  data  given  in  Chapter  6,  and  also 
Table  24,  Chapter  12.  For  appliances  see  Table  25,  Chapter  12. 

INTERMITTENTLY  HEATED  BUILDINGS 

In  the  case  of  intermittently  heated  buildings  additional  heat  is  required 
for  raising  the  temperature  of  the  air,  the  building  materials  and  the  ma- 
terial contents  of  the  building  to  the  specified  inside  temperature.  The 
rate  at  which  this  additional  heat  must  be  supplied  depends  upon  the  heat 
capacity  of  the  structure  and  its  material  contents,  and  upon  the  time  in 
which  these  are  to  be  heated.9 

This  additional  heat  may  be  computed  and  allowed  for  as  conditions  re- 
quire, but  inasmuch  as  the  heating  system  proportioned  for  taking  care 
of  the  heat  losses  will  usually  have  a  capacity  about  100  per  cent  greater 
than  that  required  for  average  winter  weather,  and  inasmuch  as  most 
buildings  may  either  be  continuously  heated  or  have  more  time  allowed 
for  heating  up  during  the  few  minimum  temperature  days,  no  allowance 
usually  is  made,  except  in  the  size  of  boilers  or  furnaces.  For  churches, 
auditoriums  and  other  intermittently  heated  buildings,  additional  capacity 
should  be  provided. 

RESIDENCE  HEAT  LOSS  PROBLEMS 

Example  5.  Calculate  the  heat  loss  of  the  residence  shown  in  Fig.  3  located  in  the 
vicinity  of  Chicago.  From  Table  1,  design  outdoor  conditions  are  — 10  F  and  12  mph 
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FIG.  3.  ELEVATIONS  AND  FLOOB  PLANS  OF  RESIDENCE 
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TABLE  5.    HEAT  Loss  CALCULATION  SHEET  FOB  UNINSITIJLTED'  RESIDENCE 

(Fia.  3) 


A 

B 

C 

D 

E 

F 

G 

ROOM  OR  SPACE 

PART  OF  STRUCTURE  OR 
INFILTRATION.  AIR  CHANGES 

NET  AREA  OK 
AIR  VOLUME 

COEFFI- 
CIENT 

TEMP. 

DlFP.a 

HEAT  Loss 
(Btu  per  hour) 

TOTALS 
(Btu  per  hour) 

Bedroom  A 
and  Closet 

Walls 
Glass 
Ceiling 
Infiltration  (M)e 

238  sq  ft 
40  sq  ft 
252  sq  ft 
1510  cfhb 

0.28 
0.45 
0.69 
0.018° 

80 
80 
39.8<* 
80 

5330 
1440 
6910 
2180 

15,860 

Bedroom  B 
and  Closet 

Walls 
Glass 
Ceiling 
Infiltration  (M)K 

15G  sq  ft 
40  sq  ft 
170  sq  ft 
1020  cfhb 

0.28 
0.45 
0.60 
0.018 

80 
80 
39.8d 
80 

3490 
1440 
4660 
1470 

11,060 

Bedroom  C 
and  Closet 

Walls 
Glass 
Ceiling 
Infiltration  (M)e 

114sqft 
27  sq  ft 
129  sq  ft 
874  cfhb 

0.28 
0.45 
0.69 
0.018° 

80 
80 
39.8d 
80 

2560 
970 
3540 
1260 

8,330 

Bedroom  D 
and  Closet 

Walls 
Glass 
Ceiling 
Floor  over  garage 
Infiltration  (%)* 

USsqft 
20  sq  ft 
HOsqft 
HOsqft 
COO  da* 

0.28 
0.45 
0,69 
0.25 
0.018° 

SO 
80 
39.8d 
35« 
80 

2850 
720 
3020 
9fiOP 
950 

8,300 

Bathroom  1 

Walls 
Glass 
Ceiling 
Infiltration  (!)« 

30  sq  ft 
14  sq  ft 
55  sq  ft 
440  cfhb 

0.28 
0.45 
0.69 
0.018" 

80 
80 
39.  8d 
80 

670 
500 
1510 
630 

3,310 

Bathroom  2 

Walls 
Glass 
Ceiling 
Floor  over  garage 
Infiltration  (l)e 

79  sq  ft 
9  sq  ft 
35  sq  ft 
35  sq  ft 
280  cfhb 

0.26 
0.45 
0.69 
0.25 

0.018° 

80 
80 
39.  8d 

35« 
80 

1640 
320 
960 
310P 
400 

3.630 

Living 
Room 

Walls 
Walls  (adjoining  garage) 
Glass 
Floor 
Infiltration  (lH)h 

267  sq  ft 
04  sq  ft 
50  sq  ft 
204  sq  ft 
3745  cfhb 

0.28 
0.39' 
0.45 

0.018 

80 
35« 

80 

80 

5980 
1280P 
1800 

5400 

14,460 

Dining 
Room 

Walls 
Glass  (doors) 
Glass  (windows) 
Floor 
Infiltration  (1M)1 

ICG  sq  ft 
35  sq  ft 
20  sq  ft 
108  sq  ft 
2140  cfhb 

0.28 
1.13 
0.45 

0.018° 

80 
80 
SO 

80 

3720 
3100 
720 

3080 

10,680 

Kitchen  and 
Entrance 
to  Garage 

Walls 
Walls  (adjoining  garage) 
Glass 
Door 
Floor 
Infiltration  (1M)J 

96  sq  ft 
51  sq  ft 
18  sq  ft 
17  sq  ft 
125  sq  ft 
1595  cfhb 

0.28 
0.39' 
0.45 
0.51 

0.01S° 

80 
35- 
80 
35 

80 

2150 
700P 
650 
300 

2300 

6,100 

Lavette  and 
Vestibule 

Walls 
Walls  (adjoining  garage) 
Glass 
Door 
Floor 
Infiltration  UM)k 

82  sq  ft, 
85  sq  ft 
9  sq  ft 
19  sq  ft 
30  sq  ft 
383  cfhb 

,0:28, 
0.39' 
0!45 
0.51 

0.018« 

SO 
35* 
80 
80 

80 

1840 
1160P 
320 
780 

550 

4,650 

Entrance 
Hall 

Walls 
Door 
Ceiling1" 
Infiltration  (2)1 

39  sq  ft 
21  sq  ft 
87  sq  ft 
11  10  cfhb 

0.28 
0.38 
0.69 
0.018s 

80 
80 
39.8* 
80 

870 
•  640 
2390 
1600 

5,500 

Garage 

Walls 
Glass 
Doors 
Infiltration  (1^)» 
Floor  (heat  gain) 
Gain  adjoining  rooms 

167  sq  ft 
53  sq  ft 
44  sq  ft 
2360  cfhb 
185  sq  ft 

0.28 
1.13 
0.51 
0.018° 
0.10 

45« 
45 
45 
45 
-15 

2110 
2700 
1010 
1910 
-280° 
-4410* 

3,040 

Recreation 
Room9 

Walls 
Glass 
Floor 
Infiltration  (l)n 

220  sq  ft 
8  sq  ft 
287  sq  ft 
2010  cfhb 

0.10 
1.13 
0.10 
0.018" 

38 
80 
20 
80 

840 
720 
570 
2890 

5,020 

TOTAL 

99,940 
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NOTES  FOB  TABLE  5. 

*  The  inside-outside  temperature  difference  is  70—  (-10)  or  SO  F  except  where  otherwise  noted. 
b  Volume  of  infiltration,  cfh  «  (no.  air  changes)  x  (floor  or  ceiling  area)  x  (ceiling  height). 

c  From  Equation  5a. 

d  The  ceiling  heat  losses  are  calculated  by  estimating  the  attic  temperature  and  then  calculating  the  Ipsa 
through  the  ceiling  using  the  proper  temperature  difference.  This  unheated  attic  is  not  ventilated  during 
winter  months.  The  attic  temperature  is  estimated  from  Equation  1  to  be  30.2  F  when  the  outside  tem- 
perature is  —  10  F  and  room  temperature  is  70  F.  The  temperature  difference  is  then  70—30.2  or  39.8  deg. 
For  the  insulated  residence,  attic  temperature  becomes  4.6  F  and  temperature  difference  70—4.6  =  65.4  deg. 

0  Temperature  in  garage  asumed  to  be  35  F. 

f  Coefficient  for  wall  adjoining  garage  calculated  on  basis  of  metal  lath  and  plaster  on  both  sides  of  studs. 
(U  -  0.39). 

*  One  half  of  value  from  Table  4,  Chapter  10,  for  storm  windows  or  weatherstripping. 
k  Exposed  on  two  sides,  weatherstripped  windows  offset  by  fire-place.    Use  1J. 

1  Window  on  one  side  weatherstripped  but  double-doors  are  hard  to  close  tightly.    Hence,  conservative 
value  of  I§. 

*  Assuming  kitchen  vent,  door  to  vestibule  usually  open,  allow  full  table  value  of  If. 

k  One-half  value  in  Table  4,  Chapter  10,  increased  to  If  by  nearby  outside  door  in  vestibule. 
1  Full  value  in  Table  4,  Chapter  10,  to  allow  for  frequent  opening  of  outside  door. 

m  Two  sides  exposed,  large  doors  but  large  volume.    Use  value  !$•  as  given  in  Table  4,  Chapter  10. 

n  Two  small  unweatherstripped  windows  in  protected  location,  but  fireplace,  indicate  1  change. 

0  Since  garage  is  assumed  colder  than  ground,  heat  gain  results  should  be  subtracted  from  heat  losses 
elsewhere. 

p  Heat  losses  from  these  rooms  into  garage  are  heat  gains  for  garage. 

q  Neglect  heat  loss  to  basement,  as  losses  from  boiler,  piping,  etc.,  will  probably  keep  basement  near,  if 
not  above,  70  F. 

T  Upstairs  hall  ceiling  figured  with  downstairs.    Heat  should  be  provided  downstairs  for  both. 

TABLE  6.    SUMMABY  OF  HEAT  LOSSES  OF  UNINSULATED  RESIDENCE  (Btu  Per  Hour) 


ROOM  OR  SPACE 

WALLS 

CEILING  AND 
ROOF 

FLOOR 

GLASS  AND 
DOOR 

INFIL- 
TRATION 

TOTALS 

Bedroom  A 

5330 

6910 

1440 

2180 

15.860 

Bedroom  B 

3490 

48RO 

f  , 

1440 

1470 

11.060 

Bedroom  C 

2560 

3540 

970 

12GO 

8.330 

Bedroom  D 

2650 

3020 

"960 

720 

950 

8.300 

Bathroom  1 

670 

1510 

500 

630 

3,310 

Bathroom  2 

1G40 

060 

"310 

320 

400 

3.630 

Living  Room 

7260 



1800 

5400 

14.460 

Dining  Room 

3720 

f  ^ 

f  f 

3880 

3080 

10,680 

Kitchen 

2850 

•_...„.. 

........ 

950 

2300 

6.100 

Lavette 

3000 

1100 

550 

4.650 

Entrance  Hall 

370 

2390 

640 

1600 

5.500 

Garage  ^ 

-1030* 

-1270b 

-1*280° 

3710 

1910 

3.040 

Recreation 

840 

570 

720 

2890 

5.020 

Design  Totals 

33,850 

21.720 

1,560 

18.190 

24.620 

99.940 

Operating  Totals* 

33.850 

21,720 

1,560 

18,100 

12.310 

87,630 

Percentages® 

38.6 

24.8 

1.8 

20.7 

14.1 

100.0 

Wall  heat  loss  of  2110  Btuh  minus  wall  heat  gains  of  1280,  700  and  1160  Btuh.    b  Heat  gains  of  960,310 
Btuh.   °  Heat  gain.    tt  Based  on  %  computed  infiltration.    *  Based  on  operating  totals, 

TABLE  7.    SUMMARY  or  HEAT  LOSSES  op  INSULATED  RESIDENCE  (Btu  Per  Hour) 


ROOM  OR  SPACE 

WALLS 

CEILING  AND 
ROOF 

FLOOR 

GLASS  AND 
DOOR 

INFIL- 
TRATION 

TOTALS 

Bedroom  A 

2480 

2460 

1440 

2180 

8  560 

Bedroom  B 
Bedroom  C 
Bedroom  D 
Bathroom  1 

1620 
1190 
1230 
310 

1660 
1260 
1080 
540 

"690 

1440 
970 
720 
500 

1470 
1260 
950 
630 

6,190 
4.080 
4.C70 
1  980 

Bathroom  2 
Living  Room 
Dining  Room 
Kitchen 
Lavette 
Entrance  Hall 

760 
3370 
1730 
1320 
1390 
410 

250 
"850 

220 

320 
1800 
3880 
950 
1100 
640 

400 
5400 
3080 
2300 
550 
1600 

1.950 
10.570 
8,690 
4,570 
3,040 
3,500 

Garage 

Recreation 

840 

~!I°b 

570 

3710 
720 

1910 
2890 

3,960 
5,020 

Design  Totals 
Operating  Totals'1 
Percentages® 

16.180 
16,180 
29,4 

7,190 
7.190 
13.0 

1,200 
1.200' 
2.2 

18.100 
18,190 
33,0 

24,620 
12,310     ' 
22.4 

67,380 
55,070 
100.0 

gain, 


*  Wall  heat  loss  of  980  Btuh  minus  wall  heat  gains  of  590,320,540  Btuh.  b  Heat  gains  690,220  Btuh 
n.    a  Based  on  }  computed  infiltration.    'Based  on  operating  totala. 
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wind  velocity.  Inside  temperature  from  Table  2  is  assumed  to  be  70  F.  The  attic  is 
unheated.  Assume  ground  temperature  to  be  50  F  (see  Fig.  3,  Chapter  34)  under 
basement  and  garage  floors  and  32  F  adj oining  basement  walls.  Estimate  infiltration 
losses  by  the  air  change  method.  No  wall,  ceiling  or  roof  insulation  is  to  be  con- 
sidered in  this  problem,  but  all  first  and  second  floor  windows,  except  in  the  garage, 
are  to  ^  have  storm jsash.  The  building  is  constructed  as  follows  (heat  transmission 
coefficients  U  are  in  parentheses) : 

Walls:  Brick  veneer,  building  paper,  wood  sheathing,  studding,  metal  lath  and 
plaster  (0.28),  Walls  of  dormer  over  garage,  same  except  wood  siding  in  place  of 
brick  veneer  (0.26). 

Attic  Walls:  Brick  veneer,  building  paper,  wood  sheathing  on  studding  (0.42). 

Basement  Walls:  10  in.  concrete  (0.10). 

Roof:  Asphalt  shingles  on  wood  sheathing  on  rafters  (0.53). 

Ceiling  (Second  floor)-.  Metal  lath  and  plaster  (0.69). 

Windows:  Double-hung  wood  windows  with  storm  sash  (0.45),  Steel  casement 
sash  in  basement  (1.13). 

Floor  (Bedroom  D) :  Maple  finish  flooring  on  yellow  pine  sub-flooring;  metal  lath 
and  plaster  ceiling  below  (0.25). 

Floor  (Basement  and  Garage) :  4  in.  stone  concrete  on  3  in.  cinder  concrete  (0.10). 

Solution:  The  calculations  for  this  problem  are  given  in  Table  5,  and  a  summary 
of  the  results  in  Table  6.  The  values  in  column  F  of  Table  5  were  obtained  by  multi- 
plying together  the  figures  in  columns  C,  D,  and  E.  The  heat  losses  are  calculated 
to  the  nearest  10  Btu.  See  reference  notes  for  Table  5  for  further  explanation  of  data. 

Attention  is  called  to  the  summary  of  heat  losses  (Table  6)  for  the  uninsulated  resi- 
dence. As  storm  windows  are  used  in  this  instance  the  glass  and  door  transmission 
heat  losses  of  20.7  per  cent  are  relatively  small.  The  infiltration  losses  of  14.1  per 
cent  are  also  comparatively  small  because  the  storm  windows  are  equivalent  to 
weatherstripping.  In  this  problem,  the  wall,  ceiling  and  floor  transmission  losses 
comprise  65.2  per  cent  of  the  total. 

Example  6,  Calculate  the  heat  loss  of  residence  shown  in  Fig.  3  based  on  the  same 
conditions  as  in  Example  5  but  having  construction  improved  or  insulated  to  obtain 
coefficients  as  follows: 

Walls,  0.13;  Walls  of  Dormer  over  Garage,  0.12;  Attic  Walls,  0.28;  Walls  Adjoining 
Garage,  0.18;  Basement  Walls  (Recreation  Room),  0.10. 

Roof,  0.53. 

Ceiling  (Second  Floor),  0.15. 
Windows  (Same  as  in  Example  6). 
Floor  (Bedroom  D),  0.18. 

Solution;  The  procedure  for  calculating  the  heat  losses  is  similar  to  that  for 
Example  £.  A  summary  of  the  results  is  given  in  Table  7. 

REFERENCES 

1ACRMA  Application  Engineering  Standards  for  Air  Conditioning  for  Com- 
fort, (1947),  Air  Conditioning  and  Refrigerating  Machinery  Association,  Inc.,  pages 
4  to  7. 

2  An  Analysis  of  Winter  Temperatures  for  One  Hundred  and  Twenty  Cities,  by 
Clark  M.  Humphreys  (Carnegie  Institute  of  Technology  Bulletin  1939). 

3  Investigation  of  Oil-Fired  Forced  Air  Furnace  Systems  in  the  Research  Resi- 
dence, by  A.  P.  Kratz  and  S.  Konzo  (University  of  Illinois  Engineering  Experiment 
Station  Bulletin  No.  318). 

4  A.S.H.V.E.  RESEARCH  REPOHT  No.  1011— Tests  of  Three  Heating  Systems  in  an 
Industrial  Type  of  Building,  by  G.  L.  Larson.  D.  W.  Nelson,  and  John  James 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  41,  1935,  p.  185), 

8  Methods  of  Moisture  Control  and  Their  Application  to  Building  Construction, 
by  F.  B.  Rowley,  A.  B.  Algren  and  C,  E.  Lund.  (University  of  Minnesota,  Engineering 
Experiment  Station  Bulletint  No.  17)". 

6  A.S.H.V.E.  RESEARCH  REPORT  No.  1213— Heat  Loss  Through  Basement  Walls 
and  Floors,  by  F.  C.  Houghten,  S.  I.  Taimuty,  Carl  Gutberlet  and  C.  J.  Brown 
(A.S.H.V.E.  TRANSACTIONS,  Vol.  48,  1942,  p.  369). 

7  Measurements  of  Heat  Losses  from  Slab  Floor,  by  R.  S.  Dill,  W.  C.  Robinson  and 


CHAPTER  12 

COOLING  LOAD 

Cooling  Load  Calculations;  Design  Conditions;  Instantaneous  Heat  Load;  Solar  and 
Sky  Radiation,  and  Heat  Transmission  Losses;  Principles  of  Periodic  Heat  Flow; 
Practical  Tables  for  Calculating  Solar  Heat  Gain  Through  Walls  and  Roofs; 
Glass  Areas  and  Design  Tables;  Load  from  Interior  Partitions,  Ceiling 
and  Floors;  Load  from  Outside  Air,  Ventilation  and  Infiltration ;  Ef- 
fect of  Outside  Air  on  Load;  Heat  Sources  Within  Conditioned 
Space;  Moisture  Heat  Load;  Miscellaneous  Heat  Loads;  Re- 
quired Air  Quantity  Through  Conditioning  Equipment; 
Minimum   Entering  Air  Temperature;  Example 
Cooling  Load  Calculation 

THE  variables  affecting  cooling-load  calculations  are  numerous,  often 
difficult  to  define  precisely,  and  always  intricately  inter-related. 
Most  of  the  components  of  the  cooling  load  vary  in  magnitude  over  a  wide 
range  during  a  24-hour  period,  and  as  the  cyclic  changes  in  load  com- 
ponents are  not  usually  in  phase  with  each  other,  careful  analysis  is  re- 
quired to  establish  the  resultant  maximum  cooling  load  for  a  building  or 
zone.  A  zoned  system  must  often  handle  peak  loads  in  different  zones  at 
different  hours. 

Economic  considerations  must  be  of  particular  influence  in  the  selection 
of  equipment  for  cooling  season  operation  in  comfort  air  conditioning  and 
this  fact,  coupled  with  present  inadequacies  in  available  data  and  knowl- 
edge of  the  air-conditioning  art,  places  a  premium  on  the  experienced  judg- 
ment essential  to  successful  design  or  practice.  Variations  in  the  weather, 
building  occupancy  and  other  factors  affecting  load  necessitate  carefully 
coordinated  controls  to  regulate  simultaneously  the  components  and  the 
equipment  to  maintain  the  desired  room  conditions. 

The  calculation  procedures  presented  in  this  chapter  deal  with  the  vari- 
ous instantaneous  rates  of  heat  gain,  both  sensible  and  latent,  in  a  condi- 
tioned space.  There  may  be  an  appreciable  difference  between  the  net 
instantaneous  rate  of  heat  gain  and  the  total  cooling  load  at  any  instant.  This 
difference  is  caused  by  the  storage  and  subsequent  release  of  heat  by  the 
structure  and  its  contents.  This  thermal-storage  effect  may  be  quite  im- 
portant in  determining  an  economical  cooling  equipment  capacity.  The 
lack  of  any  adequate  means  of  treating  this  storage  quantitatively  in  its 
entirety  for  a  complete  structure,  must  be  recognized  in  judging  the  pro- 
cedures and  data  presented  for  calculating  individual  components  of  the 
net  rate  of  instantaneous  heat  gain. 

Solar  heating  calculations  involve  the  same  principles  as  cooling  load 
calculations.  Many  of  the  data  on  solar  radiation  given  in  this  chapter 
are  useful  in  calculations  for  solar  heating. 

COOLING  LOAD  CALCULATIONS 

Summer  cooling  load  calculations,  whether  for  industrial  or  comfort 
applications,  require  consideration  of  the  following  factors : 

A.  Design    Conditions:  (1)  Indoor    conditions.    (2)  Outdoor     conditions.    (3) 
Ventilation  rate. 

B.  Instantaneous  Heat  Load,  Sensible  and  Latent:  (1)  Load  from  solar  radiation, 
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TABLE  1. 


TYPICAL  COMMEECIAL  DESIGN  ROOM  CONDITIONS  FOB  SUMMER  AVERAGE 
PEAK  LOAD  IN  COMFOBT  AIR  CONDITIONING** 


TYPE  OF  INSTALLATION 

DRY-  BULB 

TEMP 

WET-  BULB 

TEMPb 

RELATIVE 

HUMIDITY 
PER  CENT 

GRAINS 
PER  Lek 

EFFECTIVE 

TEMP" 

Deluxe  Application  
Normal  Application  

15  to  40  min  Occupancy  

78 
80 
82 

65 
67 
68 

50 
51 
49 

72.7 
78.5 

80.0 

72.2 
74.0 
75.3 

a  Values  in  Table  1  are  for  peak  load  conditions.    It  Is  general  practice  to  operate  a  system  at  approximately 
76  F  and  50  per  cent  relative  humidity  at  other  than  peak  load. 
b  Psychrometric  data  for  standard  barometric  pressure. 
9  Kf .  10,  Chapter  6,  air  movement  15  to  25  fpm. 

sky  radiation  and  from  outdoor-indoor  temperature  differential  for  glass  areas  and 
exterior,  walls  and  roofs,  modified  by  periodic  heat  flow  or  lag  factors  depending  on 
the  type  of  structure.  (2)  Load  due  to  heat  gain  through  interior  partitions,  ceilings 
and  floors.  (3)  Load  due  to  ventilation  either  natural  or  mechanical.  (4)  Load  due 
to  heat  sources  within  the  conditioned  space  such  as  people,  lights,  power  equipment 
and  appliances.  (5)  Load  due  to  moisture  transfer  through  permeable  building 
materials.  (6)  Miscellaneous  heat  sources. 

C.  Determination  of  Air  Quantity  and  Apparatus  Dew-Point. 

These  factors  will  be  discussed  in  turn.  The  material  presented  leads 
to  an  illustrative  procedure  for  a  cooling-load  calculation,  and  a  numerical 
example  is  given  to  demonstrate  the  calculations  involved. 

DESIGN  CONDITIONS 
Indoor  Conditions 

Indoor  air  conditions  for  human  health  and  comfort  have  been  and  con- 
tinue to  be  the  subject  of  much  discussion  and  research. 

The  effective  temperature  index,  explained  in  Chapter  6  is  probably 
the  best  available  source  of  design  criteria  for  comfort  air  conditioning 
systems  for  buildings  or  enclosures  in  which  the  air  and  inside  surface 
temperatures  remain  substantially  equal;  a  condition  that  can  safely  be 
assumed  for  most  ordinary  comfort  air  conditioning  installations.  Other 
sources  of  design  specifications  are  to  be  found  in  the  requirements  of  codes 
and  ordinances,  and  in  the  varied  long-term  experiences  of  manufacturers, 
contractors,  and  engineering  specialists. 

Past  experience,  cumulative  over  many  years,  indicates  that  indoor  de- 
sign conditions  for  which  summer  air-conditioning  equipment  is  selected, 
should  not  exceed  a  temperature  of  80  F  or  a  relative  humidity  of  50  per 
cent  for  the  average  job  in  the  United  States.  If  these  conditions  are  ex- 
ceeded, complaints  of  discomfort  may  be  expected,  especially  with  continu- 
ous occupancy.  For  very  brief  occupancy  only,  a  slightly  higher  peak- 
load  design  temperature  may  be  employed.  In  regard  to  the  lower  limit 
of  humidity,  complaints  are  not  encountered  for  store  installations  oper- 
ated down  to  35  per  cent  relative  humidity  or,  for  office  jobs,  somewhat 
lower.  These  observations  apply  to  normal  commercial  practice  in  this 
country  only ;  for  extremes  such  as  tropical  or  very  hot  regions  it  is  regarded 
as  more  practicable  to  design  for  a  peak-load  outdoor-indoor  temperature 
difference  of  about  15  to  20  F. 

Table  1  offers  typical  design  conditions  for  average  requirements  en- 
countered. The  deluxe  figures  would  also  apply  in  general  for  localities 
having  a  summer  outdoor  design  temperature  of  90  F  or  less;  and  the 
15  to  40  min  occupancy  values,  or  even  somewhat  higher  dry-bulb  tern- 
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2.    ILLUSTKATIVSS  TEMPEBATTJBES  AND  RELATIVE  HUMIDITIES  APPLICABLE 
TO  INDUSTRIAL  AIR  CONDITIONING* 


CLASSIFICATION 

MATERIALS,  LOCATION  OR 
PROCESS 

TEMPERATURE 
F 

RELATIVE 
HUMIDITY 
% 

Employe 
Efficiency 

General  Machine  Shop  Work  
Drafting  Rooms  

78-80 
78-80 

50 
50 

Offices  

78-80 

50 

Rough  Castings  

80 

50 

Storage 

Ceramic  Materials  —  
Pharmaceutical  Powders  
Sugar  

Paper 

60-80 
70-80 
80 
75-80 

50 
30-35 
35 
35 

Prior  to 
Manufacturing 

Electrical  Goods  ..  
Flour  _  
Rubber  

60-80 
60-75 
60-75 

35-50 
55-65 
40-50 

Grains  

Hardened  Aluminum  Alloys  

60 
0  to  -30 

30-45 

Machine  Tool  Oil-  Cooling  

70-90 

Manufacturing 
Process 

Precision  Parts  Honing  Machinery  
Ceramic  Molding  
Manufacturing  of  Electrical  Wiring  —  
Assembly  Line  
Gage  Rooms  ,  
Instrument  Calibration  
Match  Manufacturing 

76-80 
80 
60-80 
65-80 
78 
68 
72-74 

40-55 
60 
35-50 
40-50 
50 
50-55 
50 

Research 
and 
Development 

Paper  Testing  Laboratory  
Textile  Testing  Laboratory.  
Special  Process  Temperature  Boxes.-  
Chemical  Laboratories  
Fibres  and  Plastics  

60-80 
70 
-100  to  +170 
78 
70-75 

55-65 
65 

50 
50-65 

Drafting  

Temperature  Shock  Tests  

78-80 
-80  to  4-150 

45-50 

*  Taken  from  the  article,  "Indoor  Climate  and  Refrigeration  for  Post- War  Industry,"  by  E.  K.  Heglin, 
Cleveland  Engineering,  Vol.  40,  No.  27,  July  3,  1947,  p.  5. 

peratures,  would  indicate  acceptable  conditions  for  very  hot  localities. 
Table  1  is  to  be  used  with  good  judgment,  for  there  is  no  universal  rule  which 
may  be  applied  to  indoor  design  conditions. 

Guarantees  of  conditions  to  be  maintained  for  summer  operation  are 
based  upon  a  definite  set  of  load  conditions.  At  other  than  the  guarantee 
load,  the  conditions  produced  by  a  system  are  determined  by  the  balance 
of  imposed  load  and  equipment  capacity,  and  by  the  method  adopted  for 
regulating  the  system  operation.  Complete  specifications  of  indoor  design 
conditions  would  include  part-load  and  overload  operation,  particularly 
from  the  viewpoint  of  economy. 

In  the  field  of  industrial  air  conditioning,  indoor  design  conditions  are 
established  by  the  requirements  of  goods  and  processes,  in  addition  to  the 
comfort  and  efficiency  of  the  workers.  No  generally-applicable  specifica- 
tions are  possible,  as  each  job  has  its  own  special  requirements.  Table  2 
offers  illustrative  general  information. 

The  indoor  design  conditions  suggested  have  had  reference  to  conditions 
to  be  maintained  at  the  level  of  occupancy.  For  extremely  high  ceilings  in 
public  or  industrial  buildings,  only  the  zone  from  10  to  15  ft  above  the  floor 
may  be  cooled  to  the  full  extent.  The  air  temperature  at  the  ceiling  would 
be  much  higher,  and  this  should  be  kept  in  mind  when  calculating  the 
convective  portion  of  the  roof  heat  gain.  A  reduction  of  outdoor-to- 
indoor  air  temperature  differential  may  be  assumed  in  such  instances; 
radiation  from  the  inner  roof  surface  is  not  diminished. 

Outdoor  Conditions 

Summer  climatic  conditions  and  suggested  design  wet-bulb  and  dry- 
bulb  temperatures  are  given  in  Table  3  for  various  locations  in  the  United 
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States.  The  highest  temperature  ever  recorded  Is  for  the  period  of  record 
shown.  In  some  cases  it  should  be  noted  that  this  period  of  record  is  com- 
paratively short  and  higher  temperatures  may  be  expected.  In  making 
comparisons  for  other  localities  than  those  shown  in  Table  3,  due  considera- 
tion must  be  given  to  elevation. 

Column  6  of  Table  3  indicates  the  design  dry-bulb  temperature  suggested 
by  the  A.S.H.V.E.  Technical  Advisory  Committee  on  Weather  Design 
Conditions.  This  temperature  is  the  maximum  hourly  outdoor  tempera- 
ture which  has  been  equalled  or  exceeded  2|  per  cent  of  the  total  hours  of 
June,  July,  August  and  September  for  the  period  of  record,  in  this  case 
the  5  year  period  1935-1939,  and  should  not  be  confused  with  the  period 
of  record  given  in  Column  4  which  applies  only  to  highest  temperature 
ever  recorded.  Since  all  of  these  data  (Column  4)  are  based  on  airport 
records,  they  are  not  necessarily  applicable  to  cities. 

The  data  given  in  Columns  7  and  8  were  obtained  from  local  A.S.H.V.E. 
Chapter  Secretaries,  and  represent  the  design  temperatures  in  local  use. 
Where  such  information  was  not  available,  it  was  taken  from  a  publication 
of  the  A.C.R.M.A.1  and  from  various  other  sources. 

The  Technical  Advisory  Committee  on  Weather  Design  Conditions  has 
suggested  that  wet-bulb  design  temperature  be  taken  as  that  wet-bulb 
temperature  which  has  been  equalled  or  exceeded  5  per  fpent  of  the  hours 
during  months  of  the  period  of  record.  While  not  available  for  the  1950 
edition  of  THE  GUIDE,  due  to  the  tremendous  task  of  compiling  these  data, 
it  is  hoped  that  they  will  be  available  for  some  stations  for  future  editions. 

The  wind  velocity  to  be  used  in  design  should  be  that  wind  velocity  which 
accompanies  the  design  temperatures  in  each  instance,  but  since  these  data 
are  not  available,  the  average  summer  wind  velocities  for  the  period  of 
record  were  taken  from  TJ.  S.  Weather  Bureau  records  revised  to  1948. 
It  is  pointed  out  that  this  is  not  necessarily  the  velocity  which  coincides 
with  the  design  temperatures,  but  it  may  serve  as  a  guide  to  the  designer. 

Other  weather  data,  such  as  daily  range  of  temperature,  are  useful  particu- 
larly when  making  cooling  load  calculations  for  an  early  morning  peak  on 
an  east  exposure.  Daily  range  of  temperature  is  the  difference  between 
the  average  of  the  daily  maximum  dry-bulb  temperatures  and  the  aver- 
age of  the  daily  minimum  temperatures.  This  range  is  highest  in  semi- 
arid  or  desert  regions  and  at  high  elevations,  and  lowest  near  the  oceans 
or  very  large  lakes.  The  daily  range  of  temperature  (Fahrenheit  de- 
grees) in  July  for  the  principal  areas  of  the  United  States  can  be  ap- 
proximated from  the  following  tabulation : 

East  Sea  Shore 12  to  18  East  of  Mississippi  River 19  to  24 

Gulf  Sea  Shore 12  to  18  Mississippi  River  to  Rocky  Mountains 24  to  33 

Great  Lakes  Shore 18  to  21  Rocky  Mountain  Area 33  to  42 

West  Sea  Shore 15  to  20  West  Coastal  States 20  to  36 

Ventilation  Rate 

The  introduction  of  outside  air  is  necessary  for  the  ventilation  of  condi- 
tioned spaces.  Chapter  6  suggests  minimum  outdoor-air  requirements  for 
representative  applications;  but  it  is  to  be  emphasized  that  minimum  re- 
quirements are  not  necessarily  adequate  requirements  for  all  psychological 
attitudes  and  physiological  responses. 

Local  codes  and  ordinances  frequently  specify  ventilation  requirements 
for  public  places  and  for  industrial  installations. 

Recommended  and  minimum  ventilation  rates  for  the  most  common 


Cooling  Load 
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TABLE  3.    SUMMEB  CLIMATIC  CONDITIONS* 
Suggested  Design  Wet-Bulb"  and  Dry -Bulb  Temperatures 


tJOL.1 

STATE 

COL.  2 

STATION1* 

COL.  3 

ELEV- 
ATION" 

FT 

COL.  4 

OF 

RECORD* 

COL.  5 

HIGHEST 
TEMP. 

EVEB 

RECORDED* 
op 

COL.  6 
DESIGN" 
DRY-BULB 

TEMP.  ON 

BASIS* 

op 

COL.  7 
DESIGN 
DRY-BULB 
TEMP.  IN 
COMMON 
USE' 

COL.  8 
DESIGN 
WET-BULB 
TEMP.  IN 
COMMON 
USE* 
op 

COL.  9 

AVERAGE 

SUMMKH 

WIND 
VELOCITY* 

MPH 

Ala. 

A  nninston  CO 

733 

1893-1947 

105 

95 

78 

Birmingham  CO 
Birmingham  AP 

711 
615 

1893-1945 
1939-1947 

107 
103 

"94 

95 

78 

5.4 

Mobile  CO 

143 

1872-1947 

103 

-_M__. 

95 

16 

8,0 

Mobile.  AP 

219 

1940-1947 

104 

92 

mutm 

Montgomery            CO 

293 

1872-1947 

107 

95 

78 

arjn 

Montgomery  AP 

226 

1938-1944d 

103 

— 

„„. 

Aria  

Flagstaff  CO 

6957 

1899-1947 

93 

"90 

~65 

— 

Kingman,          AP 

3473 

1935-1939 

107 

99 

.- 

MM. 

— 

Phoenix.  CO 

1122 

1895-1947 

118 

105 

76 

6.0 

Phoenix..^..  AP 

1112 

1933-1947 

117 

107 

L    j 

— 

2561 

1935-1939 

112 

102 

105 

72 

—  . 

WinalowIIZZZZZcO 

4853 

Up  to  1946 

107 

^ 

100 

70 

„  L. 

Winslow  AP 

4899 

1937-1947 

103 

95 

—~ 

-.-, 

t.u^ 

Yuma                     CO 

146 

1876-1946 

120 

uo 

78 

Ark  

Fort  Smith  CO 

545 

1882-1945 

113 



95 

76 

6.1 

Fort  Smith  AP 

463 

1945-1947 

107 

-~_ 

..— 

u.— 

,  

Little  Rock.  CO 

451       % 

,1879-19424 

110 

.... 

95 

78 

6.2 

Little  Rock  ^.AP 

282 

1942-1947 

107 

97 

„.... 

~«- 

-«~ 

Calif.  

Bakersfield  L-AP 

499 

1937-1946 

113 

104 

105 

70 

_„.„ 

Burbank.   *             _AP 

740 

1931-1947d 

111 

94 

—  . 

,...„ 

....- 

Daggctt.  AP 

1925 

1935-1939 

113 

104 

-.— 

— 

—  — 

Eureka    CO 

132 

1S86-1947 

85 

-._. 

90 

65 

_»- 

Fresno  CO 

387 

1887-1939 

115 

105 

70 

7.9 

Fresno           •          AP 

281 

1939-1947 

111 

103 

™. 

Los  Angeles.  >.VCO 

534 

1877-1947 

109 

90 

70 

5,8 

Oakland.  ~.AP 

21 

1929-1947 

102 

16 

85 

65 

,T.™T 

Red  Bluff         .,  .-.CO 

1877-1934 

115 

—. 

100 

70 

— 

Red  Bluff               -AP 

346 

1944-1947 

112 

-. 

—  — 

-.-. 

-~- 

Redding.-*  AP 

579 

1935-1939 

112 

101 

«_ 

_. 

_v.. 

Sacramento.  CO 

116 

1877-1947 

114 

-.._ 

100 

72 

7.9 

Sacramento.™-..  .......AP 

22 

1938-1947 

108 

««— 

.  .. 

-..-. 

.-.._ 

San  Diego  CO 

90 

1871-1940 

110 

85 

68 

a,n 

San  Diego  AP 

34 

1939-1947 

106 

7*9 

~-» 

,™. 

«-. 

San  Francisco  CO 

164 

1875-1947 

101 

— 

85 

65 

10.7 

San  Jose  „  CO 

100 

Up  to  1946 

106 

-,... 

91 

70 

_~~ 

Williams  ,  AP 

124 

1935-1939 

116 

103 



»™. 

— 

Colo  

Denver                    CO 

5398 

1871-1947 

105 

95 

64 

6.9 

Denver  A  P 

5379 

1934-1947 

104 

93 

—  - 

^~ 

Durango......  „  CO 

6558 

Up  to  1946' 

.99, 

—  .  . 

Ts 

65 

—  ~. 

Grand  Junction  CO 

4587« 

Up  to  1946 

105 

-™ 

95 

65 

6.3 

Pueblo.  CO 

4770 

1889-1938 

104 

— 

95 

65 

— 

Pueblo  AP 

4810 

1939-1947 

104 

95 

-.— 

~~ 

— 

Conn  

Hartford         .         .CO 

229 

1905-1940<* 

101 

~— 

93 

75 

— 

Hartford  AP 

20 

1940-1947 

98 

88 

».-.. 

—  , 

„_ 

New  Haven  .  CO 

180 

1872-1947 

101 

..  

95 

75 

7.4 

New  Haven  AP 

17 

1943-1947 

94 

84 

«...-. 

—  ~ 

_.~ 

D.  C  

Washington  CO 

128 

1871-1947 

106 



95 

78 

5.9 

Washington  .  AP 
Apalachicnla.._  CO 
Jacksonville  CO 

20 
23 
104 

1935-1939 
19.22-1947 
1871-1947 

106 
102 
104 

92 

~95 
95 

15 

78 

s 

Jacksonville  ....AP 

29 

1938-1947 

105 

i       ~94 

«... 

...„ 

— 

Key  Wc«t  CO 

23 

1871-1947 

100 

—  _ 

98 

78 

.».. 

Key  West  AP 

48 

1939-1947 

95 

—  . 

~~« 

-  — 

~«- 

Miami  CO 

253 

1896-1947 

96 

*M_ 

91 

79 

8.7 

13 

1940-1947 

100 

89 

_-. 

__ 

»— 

Peiisacola*""""""""    *CO 

67 

1879-1947 

103 

__ 

95 

78 

—  ~ 

PerumcohZ!Z...Zr.AP 

113 

1943-1947 

105 

— 

„ 

„_. 

— 

Tampa     „.  .CO 

111 

1890-1940 

98 

-~- 

95 

78 

7.4 

Tampa  AP 

12 

1941-1946* 

98 

—... 

..... 

...... 

H  — 

Tituav  ille  AP 

52 

1935-1939 

98 

90 

_.« 

—  . 

~— 

Ga  

Atlanta..,!.—.".  ,  AP 

1020 

1935-1939 

102 

93 

95 

76 

7.9 

Augusta.___.~...  ..tlCO 

195 

1871-1946 

106 

—  i- 

98 

76 

_«. 

AuguataL.   .....AP 

424 

1939-1947 

105 

~~« 

—.. 

...... 

—  — 

Macon.  CO 

408 

1899-1947 

105 

•MM 

95 

78 

-«~ 

Macon.  1  AP 
Savan  nuh.  CO 

432 
115 

1939-1947 
1871-1945* 

102 
105 



~95 

Ts 

iJ 

Savannah  AP 

56 

1939-1947 

105 

"93 

...... 

...... 

_..- 

Idaho.  

Boise  CO 

2818 

1864-1939 

112 

„ 

95 

65 

5.8 

Boise....".  '.  AP 

2849 

1939-1947 

109 

95 

_... 

-.-. 

«~— 

Hurley  AP 

4150 

1935-1939 

104 

94 

„..« 

_-  . 

»«- 

Idaho  Palla-  AP 

4744 

1935-1939 

100 

88 

— 

— 

— 

Lewiston  CO 

763 

1900-1944* 

117 

-.«, 

95 

65 

— 

Pocatello  ,....CO 

4522 

1899-1947 

105 

95 

65 

m,- 

Pocatello  AP 

4467 

1938-1947 

103 

92 

...... 

-,— 

—  — 

111.  

Cairo  CO 

319 

1872-1947 

106 

«~/«, 

98 

78 

—  - 

Chicago.  CO 

601 

Up  to  1946 

105 

-._. 

95 

75 

9.5 

Chicago                  AP 

615 

1935-1939 

107 

92 

—  .. 

_«. 

—  - 

Moline,  AP 

594 

1932-1947 

106 

94 

96 

76 

—  - 
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TABLE  3.    SUMMEB  CLIMATIC  CONDITIONS'*  (CONTINUED) 
Suggested  Design  Wet-Bulb  and  Dry-Bulb  Temperatures 


COL.1 

STATE 

COL.  2 

SlATIONb 

*  COL.  3 

ELEV- 
ATION0 

FT 

COL.  4 
PERIOD 

OP 

RECORD* 

COL  5 

HIGH2ST 

TEMP. 
EVER 
RECORDED 
op 

COL.  6 
DESIGN' 
DRY-BULB 
TEMP.  ON 
T.A.C  iyfl 
BASIS* 
oF 

COL  7 

DESIGN 

DllY-BULB 

TEMP.  IN 
COMMON 

USB' 

OF 

COL.  8 
DESIGN 
WET-BULR 
TEMP.  IN 
COMMON 

USKf 

OF 

COL.  y 

AVESUQB 

SUMMER 
WIND 

VilLOCITYg 

MPH 

]ll  

Peuria  AP 

660 

1935-1939 

111 

94 

96 

76 

8.2 

Springfield  CC 

603 

1879-1947 

110 

98 

77 

«... 

Springfield  AP 

608 

1930-1947 

109 

96 



Lid..  

Evansvilla  CO 

464 

1897-1940 

108 

95 

78 

7.0 

Fort  Wayne  CO 

885 

1911-1941 

106 

95 

75 

«.«. 

Hclmer  .  AP 

970 

1935-1939 

107 

89 

...... 



Indianapolis  CC 

816 

1871-1946 

106 

95 

76 

8.9 

I  ndianapolis  AP 

800 

1932-1946 

107 

91 



Terre  Haute.  CO 

1146 

1893-1946 

110 

~.^. 

95 

78 

...«. 

Torre  Haute  AP 

589 

1941-1946 

103 

-..- 



„  

Iowa  

Diive-nport  CO 

648 

1872-1947 

111 



95 

78 



Des  Moines.  :.AP 

979 

1935-1939 

111 

95 

95 

78 

8.6 

Dubuque  CO 

740 

1874-1947 

110 

-,— 

95 

78 



Keokuk  CO 

637 

1872-1946 

113 

^  

95 

78 



Sioux  City  CO 

1093° 

18S9-1944d 

111 

...— 

95 

78 

..— 

Sioux  City  AP 

1098 

1940-1946 

108 

«_« 

„ 

-..- 

Kins  

Concordia            *.  CO 

1425 

1885-1947 

116 

m 

95 

78 

„  

Dodge  City  CO 

2515 

1874-1942 

109 



95 

78 

~~- 

Dodge  City.  AP 

2599 

1942-1947 

109 





Topeka  CO 

991. 

1887-1947 

114 

„  

100 

78 

—  ,~ 

Topefca  AP 

883 

1946-1947 

108 



Wichita  CO 

1497 

1888-1939 

114 

M 

100 

75 

11.8 

Wichita  AP 

1423 

1939-1947 

109 

100 

„  . 

Ky.  

Louaiville  CO 

563 

1871-1947 

107 

95 

78 

7.2 

Louisville  AP 

544 

1937-1947 

103 

93 

La  

New  Orleans  CO 

85 

1874-1947 

102 

95 

80 

6.9 

New  Orleans  AP 

8 

1937-1947 

100 

"93 

.... 

Shreveport  AP 

179 

1935-1939 

109 

98 

100 

78 

7.0 

Maine  

Kastport...  CO 

100 

1873-1947 

93 

„„„ 

90 

70 

...... 

Portland  CO 

185 

1885-1940 

103 

„  

90 

73 

8.7 

Portland  AP 

65 

1940-1947 

99 

— 

— 

. 

Md  ..„ 

Baltimore  CO 

114 

1871-1947 

107 

95 

"78 

7.4 

Baltimore  AP 

43 

1935-1939 

105 

Ti 

, 

Mass.  

Boston  CO 

356 

1870-1935 

104 

— 

92 

75 

12.5 

Boston.  AP 

45 

1936-1947 

101 

87 



Nantucket  CO 

45 

1886-1947 

92 

-._ 

95 

75 

...„. 

Nantucket  AP 

48 

1946-1947 

82 

...... 

,  

Mich  

Alpena.  CO 

615 

1874-1946 

104 

«.— 

"95 

"75 

Detroit  CO 

1000 

1873-1933 

104 

95 

75 

0.5 

Detroit  AP 

632 

1934-1947 

105 

"89 

73" 

Lansingl  CO 

861 

1910-1947 

102 

Us 

75 

-..« 

Lansing  AP 

863 

1940-1947 

98 





Marquette  CO 

721 

1874-1947 

108 



"93 

Ti 

Minn  

Duluth  1  CO 

1133 

1874-1947 

106 

93 

73 

....« 

Duluth  AP 

1413 

1941-1947 

95 

..... 

Minneapolis  CO 

945 

1890-1947 

108 

-..» 

"95 

"75 

1D.2 

Minneapolis  AP 

873 

1938-1947 

104 

St  Paul          CO 

951 

1871-1933 

104 

- 

"95 

"75 

St.  Paul  AP 

708 

1937-1947 

104 

91 



Miss 

Meridian                  CO 

410 

1889-1947 

105 

"95 

79 

4.6 

Meridian.  AP 

298 

1939-1947 

105 

Vicksburg  CO 

316 

187.4-1947 

104 

..... 

"95 

~7g 

<"A 

Vicksburg  AP 

266 

1941-1947 

104 

Mo  

Columbia  CO 

739 

1889-1947 

111 

*—  , 

iob" 

"78 

.... 

Columbia  A  P 

787 

1939-1947 

102 

Kansas  City  AP 

780 

1935-1939 

112 

101 

166 

"76 

9.T 

St.  Louis  CO 

646 

1871-1947 

110 

95 

78 

9.5 

St.  Louis  AP 

597 

1930-1947 

111 

"97 

Mont  

Springfield  AP 
Billings  AP 

1270 

3584 

1935-1939 
1935-1947 

105 

106 

96 
92 

"90 

""66 

8.7 

Butte  AP 

5538 

1931-1947 

100 

85 

«..« 

Havre  CO 

2498 

1880-1947 

108 

"95 

"70 

Helena           CO 

4175 

1880-1940 

103 

95 

67 

«T 

KalispelL  CO 

3004 

1897-1947 

101 

95 

65 

Miles  City  _....  AP 

2629 

1935-1939 

108 

97 

Nebr.  

Lincoln  CO 

1189 

1887-1947 

115 

"95 

"78 

51  7 

Lincoln                    AP 

X185 

1933-1947 

115 

161 

North  Platte"r.-.....7cO 

2815 

1874-1947 

109 

"*95 

"78 

sTi" 

North  Platte..^  AP 

2788 

1935-1939 

109 

"98 

Omaha.                    CO 

1219 

1873-19.W* 

111 

"95 

"TS 

Omaha....  11  .".AP 

1009 

1935-1947 

m 

*98 

Valentine  CO 

2627 

1889-1947 

110 

"5s 

"78 

Nev_ 

Elko                       AP 

5079 

1935-1939 

102 

"92 

...... 

Las  Vegaa  AP 

1882 

1937-1947 

117 

108 

""" 

Ill 

Reno  ,  CO 

4588 

1905-1912 

106 

"95 

"65 

7.2 

Reno....  AP 

4417 

1940-1947 

105 

~93 

Winnemucca  CO 

4293 

1871-1947 

103 

"95 

""65 

*""" 

N.  H.____... 

-Concord  CO 

343 

1871-19414 

102 

90 

73 

4*19 

Concord—              .AP 

359 

1941-1947  - 

99 

—4. 

Cooling  Load 
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TABLE  3.    SUMMER  CLIMATIC  CONDITIONS*  (CONTINUED) 
Suggested  Design  Wet-Bulb  and  Dry-Bulb  Temperatures 


COL.  1 
STATE 

COL.  2 
STATION** 

COL.  3 

ELEV- 
ATION0 

FT 

COL.  4 
PERIOD 

OP 

RECORD^ 

COL.  5 

HIGHEST 
TEMP. 
EVER 
RECORDED** 
op 

COL.  6 
DESIGN 
DRY-BULB 
TEMP.  ON 
T.A.C.  2}/2% 

BASIS8 

oF 

COL.  7 

DESIGN 
DRY-BULB 
TEMP.  IN 
COMMON 

UsE£ 

oF 

COL.  8 

DESIGN 
WET-BULB 
TEMP.  IN 
COMMON 
USE* 
oF 

COL.  9 

AVERAGE 
SUMMER 
WIND 
VELOCITY* 

MPH 

N.  J  

Atlantic  City  CO 

45 

1874-1947 

104 

95 

78 

Camdcn  AP 

20 

1935-1939 

105 

*91 

Newark  AP 

15 

1931-1947 

104 

89 

95 

~75 

Trenton.  CO 

144 

1866-1946 

106 

95 

78 

&i" 

N.  M  

Albuquerque.  —  CO 

5022 

193M933* 

99 

95 

70 

7.8 

Albuquerque.—  A  P 

5319 

1933-1947 

101 

93 

El  Morro  AP 

7120 

1935-1939 

92 

84 

Rodeo..  AP 

4116 

1935-1939 

104 

97 

Rosweli  CO 

3643 

1905-1947* 

107 

~95 

To 

Tucumcari  AP 

4054 

1935-1939 

107 

"97 

N.  Y  

Albany  CO 

114 

1874-1947 

104    . 

"93 

Is 

Ts 

Albany.™  AP 

280 

1938-1947 

99 

Ts 

Binghamton  CO 

915 

1891-1946 

103 

"95 

~75 

Binghamton  AP 

836 

1942-1947 

97 

Buffalo  AP 

726 

1935-1939 

95 

°86 

~93 

"73 

12,1 

Canton  CO 

458 

1906-1947 

99 

90 

73 

8.2 

Ebnira  AP 

948 

1935-1939 

96 

"88 

New  York  CO 

425 

1871-1947 

102 

"95 

"75 

12T 

Oswego  CO 

363 

1871-1947 

100 

93 

73 

Rochester  ..CO 

609 

1872-1947 

102 

95 

75 

""*""* 

Rochester  AP 

560 

1935-1939 

98 

"89 

Syracuse.-.  _  CO 

465 

1902-1940 

102 

"9! 

~75 

Syracuse  AP 

404 

1940-1947 

97 

"Si 

N.  C  

Ashville  CO 

2280 

1902-1947 

99 

"93 

~75 

5.6 

Charlotte...  CO 

809 

1878-1947 

103 

95 

78 

Charlotte  ....  AP 

757 

1939-1947 

103 

~93 

Greensboro  AP 

896 

1928-1947 

101 

91 

~9l 

"78 

Raleigh  CO 

405 

1887-1947 

104 

95 

78 

eJ 

Raleigh                    AP 

446 

1944-1947 

102 

"93 

WiJmingtoiL.-~"100 

78 

1871-1947 

103 

"5s 

~78 

£4 

N.  D  

Bismarck  —  CO 

1675 

1875-1940 

114 

95 

73" 

9.5 

Bismarck  AP 

1655 

1940-1947 

109 

"% 

Devils  Lake  CO 

1481 

1904-1947 

112 

"95 

"TO 

Dickinson                 AP 

2599 

1935-1939 

112 

"94" 

Fargo  AP 

900 

1935-1939 

115 

93 

"5s 

"75 

Pembina                  AP 

830 

1935-1939 

109 

92 

Willistoiu  CO 

1919 

1879-1947 

110 

"95 

"73 

Ohio  

Akron  AP 

104 

1935-1939 

101 

"Si 

95 

75 

Cincinnati..^.  CO 

772 

1870-1947 

108 

95 

7& 

r<f 

Cincinnati  AP 

488 

1931-1947 

108 

"94 

Cleveland               .CO 

669 

1871-1946 

100 

$5 

~75 

iff 

Cleveland.....  AP 

813 

1930-1946 

107 

"55 

Columbus  CO 

812 

1878-1946 

106 

"95 

"76 

Columbus...  AP 

820 

1939-1947 

100 

To 

—™ 

Dayton....  CO 

1086 

1883-1  943<l 

108 

"95 

"78 

Dayton  AP 

1002 

1940-1947 

99 

-.— 

— 

Sandusky                 CO 

608 

1878-1946 

105 



"95 

Ts 

— 

Toledo  CO 

668 

1871-1947 

105 

95 

75 

— 

Toledo  AP 

626 

1940-1947 

100 

"9*1 

«— 

Okla  

Ardznorc                   AP 

762 

1935-1939 

110 

99 

Oklahoma  City  CO 

1264 

1890-1947 

113 

101 

~77 

9.8 

Oklahoma  City  AP 

1311 

1939-1947 

109 

"99 

Tulsa     AP 

686 

1932-1947 

109 

100 

foK 

~77 

-.~. 

Ore. 

Waynoka,"  AP 
Arlington                 AP 

1529 
881 

1935-1939 
1935-1939 

115 
111 

103 
95 

— 

-- 

Baker          CO 

3501 

1889-1947 

104 

90 

66 



Baker.I  ."..  AP 

3374 

1939-1947 

103 

"90 

..— 

Eugene  CO 

366 

1890-1942 

104 

"90 

"68 

«.-. 

Eugene                 ...AP 

368 

1942-1947 

105 

"88 

.. 

Medford  *  CO 

1428 

1911-1929 

110 

95 

"70 

-..- 

Medford  AP 

1343 

1929-1947 

115 

"95 

Portland  CO 

98 

1874-1947 

107 

.. 

"90 

"68 

6.5 

Portland  AP 

25 

1940-1947 

105 

87 

....... 

Roaeburg  CO 

523 

1877-1947 

109 

.. 

"90 

"66 



Pa.,-__~.  

Curwenaville,  AP 

2219 

1943-1947 

90 

82 

— 

Erie                        CO 

771 

1873-1946 

98 

"9! 

"75 

Erie..l.l.l..Il  AP 

736 

1935-1939 

96 

85 

_ 



Harrisburg  „.         ...AP 

339 

1935-1939 

103 

91 

95 

... 

....» 

Philadelphia....  CO 

200 

1871-1947 

106 

...... 

95 

78 

9.7 

Philadelphia.  AP 

18 

1940-1947 

100 



_, 

Pittsburgh  CO 

929 

1875-1947 

103 

"95 

"75 

8.9 

Pittsburgh  LAP 

1284 

1935-1947 

102 

Is 

...... 

Reading  CO 

311 

1913-1947 

105 



95 

75 

-,~. 

Seranton  CO 

877 

190  M  947 

103 

95 

75 

«.— 

Sunbury  AP 

448 

1935-1939 

101 

89 

„ 

— 

«_ 

a.  i  

Block  Island.....  CO 

46 

1881-1947 

93 

„  

95 

75 



Providence..  CO 

77 

1904-1947 

100 

-..- 

,93 

75 

«).5 

s.  c  

Charleston  '.  CO 

59 

1871-1947 

104 

95 

78 

9.4 

Charleston  „  AP 

51 

1940-1947 

103 

~91 

— 

— 
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TABLB  3.    SUMMER  CUMATIC  CONDITIONS®  (CONCLUDED) 
Suggested  Design  Wet-Bulb  and  Dry-Bulb  Temperatures 


COL.1 

STATE 

COL.  2 

STATION1* 

COL.  3 

ELE- 
VATION** 

FT 

Cot.  4 
PERIOD 

OF 
RECORDd 

COL.  5 

HIGHEST 
TEMP. 
EVER 
RE- 

CORDED0 

*F 

COL.  6 
DESIGN 
DBY- 

BULB 

TEMP. 

ON 

T.A.C. 
2H%ft 
BASIS* 

*F 

COL.  7 

DESIGN 
DKY- 
BTJLB 
TEMP. 
IN- 
COMMON 

U8Ef 

•F 

COL.  8 

DESIGN 
WET- 
BULB 
TEMP. 

IN 

COMMON 

USE* 

•F 

COL.  9 

AVER- 
AGE 

SUMMEB 

WIND 
VELOC- 

ITYff 

MPH 

ac  

Columbia  CO 

401 

1887-1947,, 

1  0<IO_1  OA7Q 

106 
104 

95 

75. 

a  D  

Huron  CO 

1342 

1881-1938d 

lOSQ—IQA1? 

111 

1  in 

95 

75 

io.s 

1  Huron  AP 
Rapid  City             CO 

1287 
3309 

1888-1947 

106 

95 

70 

7.9 

Rapid  City              AP 

3220 

1939-1947 

108 

Tenn 

Chattanooga  CO 

952 

1879-1947 

103 

95 

76 

5.0 

Chattanooga            AP 

675 

1940-1947 

105 

94 

Knoxville       CO 

1024 

1871-1942d 

104 

95 

75 

5.7 

Knoxville                AP 

1007 

1942-1947 

102 

94 

Memphis  CO 

348 

1872-1941d 

106 

95 

78 

7.3 

Memphis                 AP 

267 

1941-1947 

105 

96 

Nashville         CO 

714 

1871-1947 

106 

95 

78 

Nashville                AP 

610 

1939-1947 

104 

Texas 

Abilene         CO 

174S 

1885-1944d 

111 

100 

74 

Abilene                    AP 

1756 

1940-1947 

109 

97 

Amarillo  CO 

3686 

1892-1941 

107 

100 

72 

11.8 

Amarillo                   AP 

3595 

1941-1947 

106 

96 

Austin  .          CO 

625 

1897-1942 

109 

100 

78 

Austin                     AP 

625 

1942-1947 

104 

Brownsville  CO 

T>-n*>nmetn11n                          AT* 

140 

ne 

1922~1943d 

1  Q13—  1  QA7 

102 

1AA 

100 

80 

7.0 

Corpus  Christ!  CO 
Corpus  Christ!        AP 

21 
45 

1887-1942 
1943-1946 

105 
101 

95 

80 

Dallas  "...CO 

732 

1913-1940 

110 

100 

78 

9.3 

Dallas            AP 

520 

1940-1947 

109 

99 

Del  Rio  CO 

1020 

1905-1947 

111 

100 

Z8 

El  Paso  CO 

3792 

1887-1942 

106 

100 

69 

•8A 

El  Paso         AP 

3956 

1939-1947 

104 

97 

Fort  Worth      .  .  .    CO 

708 

1898-1939 

112 

100 

78 

9.5 

Fort  Worth      AP 

728 

1940-1947 

110 

Galveston       CO 

128 

1871-1947 

101 

95 

80 

'9.7 

Galveston   AP 

9 

1939-1947 

101 

Houston    CO 

198 

1888-1947 

108 

95 

78 

8.8 

Houston           AP 

73 

1932-1947 

105 

93 

Palestine        CO 

555 

1881-1947 

108 

100 

78 

Port  Arthur  CO- 

64 

1917-1947 

102 

95 

79 

Port  Arthur  AP 

21 

1944-1947 

98 

San  Antonio            CO 

770 

1885-1941d 

107 

100 

78 

7.8 

San  Antonio            AP 

800 

1942-1947 

104 

08 

Waco                  .  .    AP 

513 

1931-1947 

111 

98 

Wink                ....  AP 

2811 

1935-1939 

110 

99 

Utah 

Milford        AP 

5095 

1935-1939 

103 

94 

Modena      CO 

5472 

1901-1947 

101 

95 

65 

Salt  Lake  City  CO 
Salt  Lake  City  AP 

4346 
4254 

1874-1947 
1928-1947 

105 
106 

'95 

95 

65 

9.8 

Vt 

Burlington            .  .CO 

409 

1884-1943d 

100 

90 

73 

8.5 

Burlington          ...AP 

335 

1943-1947 

101 

Va  

Cape  Henry  CO 

24 

1874-1947 

104 

95 

78 

644 

1874-1944 

106 

95 

75 

Lunehburg  AP 

951 

1944-1947 

100 

Norfolk  CO 

91 

1871-1947 

105 

95 

78 

10.1 

Richmond      .  ...  CO 

180 

1897-1947 

107 

95 

78 

6  4 

Richmond  ,     f       ,  AP 

172 

1929-1947 

104 

92 

Roanoke    AP 

1194 

1935-1939 

103 

90 

95 

76 

Wash....... 

Ellensburg  AP 

1731 

1935-1939 

105 

90 

North  Head            CO 

199 

1884-1947 

97 

85 

65 

Seattle  CO 

104 

1890-1947 

100 

85 

65 

"7^7 

Seattle  AP 

47 

1928-1947 

99 

81 

Spokane  CO 

2030 

1881-1941d 

108 

93 

65 

6.5 

gpotainfk              ,  ,  T  AP 

19T4 

1941-1947 

104 

92 

T^acoina       CO 

279 

1897-1947 

98 

85 

64 

Tatoosh  Island  CO 

110 

1883-1947 

88 

.... 

Yfttim*     -  no 

1160 

1928-1946 

110 

95 

65 

Yakima  AP 

1066 

1944-1947 

103 

.... 

W.Va  
Wise  

Parkersburg  CO 
Green  Bay      .  .  .      CO 

685 
598 

1888-1947 
1886-1947 

106 
104 

95 
95 

75 
75 

5.2 
9  2 

LaCrosae  CO 

725 

1872-1947 

108 

.  .  .  . 

95 

75 

6.4 

LaCrosse  .AP 

677 

1943-1947 

96 

91 

MftHi«AT»             HO 

1008 

1858-1947 

107 

95 

75 

7  9 

Madison  AP 

884 

1935-1939 

106 

89 

Milwaukee         .      CO 

744 

1870-1947 

105 

95 

75 

9  8 

Milwaukee  AP 

707 

1927-1947 

106 

87 

Wyo  

Cheyenne       .  .  .      CO 

6144 

1873-1935 

100 

95 

65 

9  2 

Cheyenne  ,....AP 

6161 

1935-1947 

100 

89 

Lander  ....CO 
Lander  AP 

5448 
5588 

1891-1946 
1936-1947 

102 
97 

95 

65 

.... 

Rock  Springs  AP 

6746 

1932-1942 

98 

87 

Cooling  Load 
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NOTES  FOR  TABLE  3 

a  Data  compiled  from  U.  S.  Weather  Bureau  Data  and  various  other  sources. 

**  Column  2.    The  station  designation  AP  or  CO  indicates  airport  or  city  office  station,  respectively. 

c  Column  3.  The  elevations  marked  c  are  ground  elevations  of  the  station.  All  other  elevations  given 
are  the  actual  elevations  of  the  thermometer  bulb  above  mean  sea  level,  corrected  to  1948. 

d  The  periods  of  record  indicated  apply  only  to  the  highest  temperature  ever  recorded  shown  in  Column 
5,  and  do  not  necessarily  include  all  of  the  summer  months  of  the  first  year  indicated.  The  last  year  indi- 
cated includes  July  or  August,  except  those  marked  d  which  terminate  prior  to  July  of  that  year. 

6  It  should  be  noted  that  Column  6  applies  only  to  airports,  as  these  data  for  city  stations  are  not  avail- 
able at  this  time.  The  temperature  shown  is  the  maximum  hourly  outdoor  temperature  which  has  been 
equalled  or  exceeded  2$  per  cent  of  the  total  hours  of  June,  July,  August  and  September  for  the  5  year  period 
1935-1939  inclusive.  It  is  pointed  out  that  in  most  cases  the  airport  stations  are  outside  of  the  city,  and  that 
these  data  would  apply  primarily  to  rural  areas. 

*  Columns  7  and  8  record  wet  and  dry-bulb  temperatures  in  use  by  A.S.H.V.E.  Members  as  reported  by 
Chapter  Secretaries  for  various  stations.  Where  such  values  were  not  available,  the  design  temperatures 
published  by  A.C.R.M.A.,  or  obtained  from  various  other  sources,  have  been  inserted. 

s  The  average  wind  velocities  indicated  in  Column  9  were  furnished  by  the  U.  S.  Weather  Bureau,  cor- 
rected to  1947.  In  general  these  velocities  are  averages  for  the  months  of  June  through  September. 

h  The  bulletin  published  by  A.S.H.V.E.  for  the  annual  weather  data  of  Detroit  indicates  73  F  as  the  de- 
sign wet-bulb  temperature  which  has  been  equalled  or  exceeded  5  per  cent  of  the  hours  for  period  1935-1939. 

1  Blank  spaces  indicate  data  not  available. 

TABLE  4.    VENTILATION  STANDARDS* 


APPLICATION 

SMOKING 

CFM  PER  PERSON 

CFM  PER  SQ 
FT  OF  FLOOR 

Recommended 

Minimum** 

Minimum^ 

Apartment  Average  „  
Deluxe  „  

Some.  

Some 

20 
30 
10 
15 
10 

10 
25 

10™ 
7K 

O33" 

Banking  Space  
Barber  Shops.  
Beauty  Parlors  

Occasional  
Considerable  
Occasional  

Brokers'  Board  Rooms  

Very  Heavy._  
Heavy 

50 
40 

3* 

20 
25 

™" 

30 



Cocktail  Bars  

Corridors  (Supply  or  Exhaust).-  
Department  Stores...  

0.25 
0.05 

None  ..„  

Directors*  Rooms     .        ,  ..  . 

Extreme 

Drug  Stores1*  _  
Factories*.*  

Considerable  
None.    

10 
10 

& 

7H 
7H 

7M 

6"."ib" 

Five  and  Ten  Cent  Stores  
Funeral  Parlors    

None.-..  

None       .. 

Garages0 

1.0 

Hospitals  Operating  Rooms*,*.  
Private  Rooms..  
Wards.  ..  
Hotel  Rooms.  
Kitchens  Restaurant  „ 
Residence  - 

None.-..  
None.......--  
None.-  
Heavy  

"so" 

20 
30 

2*6"" 

25"" 
10 
25 

2.0 
0.33 

5".33 
4.0 
2.0 

Laboratories'*..  

Some....  

15 

Meeting  Rooms  „  ,  ,.  ,  ,. 
Of&ces  General  

Very  Heavy  —  

50 
15 
25 
30 
12 
15 

30 
10 
15 
25 
10 
12 

1.25 

635* 
0.25 

Private.™,.  „  
Private.-  
Restaurant  Cafeteria1* 

None...  
Considerable  
Considerable  
Considerable  

Dining  Roomd  

School  Rooms0 

None 

"F 

10 



Shop,  Retail  
Theater0      .    .             ^ 

None-  

None                 .  .  . 

10 

& 

Theater.  
Toilets0  (Exhaust)  

Some.—  

2"<r 

*  Taken  from  present-day  practice  or  large  air  conditioning  companies.    b  When  minimum  is  used,  take 
the  larger  of  the  two.    °See  local  codes  which  may  govern.   d  May  be  governed  by  exhaust.    "May  be  governed 
by  special  sources  pt  contamination  or  local  codes.    'All  outside  air  recommended  to  overcome  explosion 
hazard  of  anesthetics. 

applications  are  summarized  in  Table  4.    For  further  general  applications, 
a  basis  of  estimating  the  cfm  per  person  may  be  taken  as : 

1.  People  not  smoking 7}  Recommended         5  Minimum 

2.  People  smoking 40   Recommended       25  Minimum 

The  cooling  load  due  to  the  introduction  of  outside  air  for  ventilation  is 
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TABL®  5.  PBOPOSSD  STANDARD  VALUES  OFln  ,  DIRECT  SOLAR RADIATION  RIBCEIVED  AT 

NORMAL  INCIDENCE,  AT  THE  EARTH'S  SURFACE*-  b 


SOLAR 
ALTITUDE,  j8 
DEC 

In 

BTU  PER 
(HR)  (SQ  FT) 

SOLAR 
ALTITUDE,  ft 
DEG 

BTU  PER 

(HR)    (SQFT) 

SOLAR 
ALTITUDE,  ft 
DEG 

/n 

BTU  PER 

(HR)  (SQ  FT) 

5 

10 
15 
20 
25 

'      65 
122 
165 
196 
219 

30 
35 

40 
45 
50 

234 
245 
253 
260 
266 

60 
70 
80 

90 

276 
283 
289 
294 

a  Calculated  using  the  following  assumptions:  barometric  pressure  of  760  mm  Hg  (29.921  in.);  depth  of 
precipitable  water  of  20  mm  (0.787  in..);  dust  particles,  by  counting,  300  per  cc;  partial  pressure  of  the  ozone 
layer  in  the  atmosphere  of  2.8  mm  Hg  (0.110  in.) .  This  is  representative  of  a  clear  summer  day. 

b  For  sea  level.   As  an  approximate  altitude  correction,  add  1  per  cent  for  each  1000  ft  altitude. 

determined  once  the  indoor  and  outdoor  design  conditions  are  fixed.     Cal- 
culations will  be  discussed  subsequently. 

DfSTAIfTANEOUS  HEAT  LOAD 

The  total  cooling  load  is  frequently  divided  for  convenience  into  two 
components,  sensible  heat  and  latent  heat.  While  this  subdivision  is  not 
imperative,  past  practice  has  found  it  convenient. 

A  gain  of  sensible  heat  is  considered  to  occur  when  there  is  a  direct  addi- 
tion of  heat  to  the  enclosure  by  any  one  or  all  of  the  mechanisms  of  conduc- 
tion, convection,  and  radiation.  A  gain  of  latent  heat  is  considered  to  occur 
when  there  is  an  addition  of  water  vapor  to  the  air  of  the  enclosure.  For 
example,  when  the  humidity  in  an  enclosure  is  increased  by  water  vapor 
emitted  by  human  occupants,  or  by  water  vapor  resulting  from  a  process 
such  as  cooking,  the  heat  required  to  vaporize  the  water  does  not  come  from 
the  air.  Maintenance  of  a  constant  humidity  ratio  in  a  sealed  enclosure 
requires  the  condensation  of  water  vapor  in  the  cooling  apparatus  at  a  rate 
equal  to  its  rate  of  addition  within  the  enclosure.  The  rate  of  heat  removal 
from  this  condensing  vapor  would  be  substantially  equal  to  the  product  of 
the  rate  of  condensation  and  the  latent  heat  of  condensation ;  this  product, 
expressed  in  Btu  per  hour,  would  be  called  a  latent  heat  load. 

As  a  further  example,  the  infiltration  of  outdoor  air  with  a  high  dry- 
bulb  temperature  and  a  high  humidity  ratio,  and  the  corresponding  escape 
of  room  air  at  a  lower  dry-bulb  temperature  and  a  lower  humidity  ratio, 
would  increase  both  the  sensible  heat  load  and  the  latent  heat  load. 

SOLAR  AND  SKY  RADIATION  AND  TRANSMISSION  LOSSES 
Magnitude  of  Solar  Radiation — Calculation  Tables 

If  a  plane  surface  were  set  perpendicular  to  the  rays  of  the  sun  (e.g., 
for  normal  incidence)  outside  the  earth's  atmosphere,  it  would  receive  solar 

TABLE  6.    APPROXIMATE  RATIO  OF  DIRECT  SOLAE  RADIATION  TO  SKY 
RADIATION  RECEIVED  ON  A  HORIZONTAL  SURFACE  ON  CLBAK 
DAYS  IN  EASTBBN  STATES* 


SOLAR 
ALTITUDE,  ft 
•DEG 

RATIO 
e 

SOLAR 
ALTITUDE,  ft 
DEG 

RATIO 
e 

SOLAR 
ALTITUDE,  ft 
DEG 

RATIO 
e 

0 
10 
20 
30 

0 
1.40 
2.30 
3.10 

40 
50 
60 

3.84 
4.55 
5.20 

70 
80 
90 

5.63 
5.90 
6.10 

a  For  rough  estimates  assume  that  the 
surface.    Sky  radiation  may  be  assumed 


ndent  of  vertical-surface  orientation. 


on  a  horizontal 
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NORMAL.  TO 
SURFACE 


FIG.  1.  DEFINITION  OF  SOLAR 
ALTITUDE 


FIG.  2.  DEFINITION  OF  ANGLE 
OF  INCIDENCE 


radiation  of  about  420  Btu  per  (hr)  (sq  ft).  A  similar  receiving  surface 
on  the  surface  of  the  earth  would  receive  radiant  energy  at  a  considerably 
lower  rate,  because  a  large  part  of  the  radiation  entering  the  atmosphere  is 
scattered  in  passing  through  the  air,  moisture,  smoke,  and  dust  which 
comprise  the  earth's  envelope.  Also,  some  of  the  atmospheric  constitu- 
ents, notably  water  vapor,  carbon  dioxide,  and  ozone,  absorb  radiant  energy. 
This  absorption  and  scattering  cause  different  proportionate  reductions 
from  outer-atmosphere  radiation  intensity  with  different  wave-lengths. 
An  exact  analysis  of  these  phenomena  is  beyond  the  practical  purposes  of 
air-conditioning  load  estimates;  the  important  principle  to  remember  is 
that  the  radiation  reaching  the  surface  of  the  earth  is  the  sum  of  In  and  /« 

In  «=  the  direct  radiation  (at  normal  incidence),  which  is  the  transmitted  fraction 
of  the  net  sun  radiation  received  by  the  outer  atmosphere,  and 

Im  «•  the  sky  or  diffuse  radiation  coming  from  the^  atmosphere  itself  as  a  conse- 
quence of  the  scattering  and  absorption  which  give  rise,  in  part,  to  a  re- 
radiation  to  the  earth.  The  diffuse  radiation  does  not  strike  only  at  normal 
incidence;  it  strikes  at  all  angles  from  which  the  sky  sees  the  surface  in  ques- 
tion. 

Standardized,  practical-purpose  values  of  the  direct  solar  radiation  inci- 
dent upon  a  plane  perpendicular  to  the  sun's  rays  at  the  earth's  surface, 
have  been  proposed  by  P.  Moon.2  Table  5  gives  these  data.  They  are  repre- 
sentative of  a  clear  summer  day  at  about  sea-level  elevation.  (For  indus- 
trial areas,  In  values  will  be  slightly  less  than  Table  5,  with  the  greatest 
decrease  occurring  at  low  solar  altitudes  towards  evening;) 

Practical  design  data  on  sky  radiation  are  meager.  Table  6  presents  a 
basis  of  estimates  for  clear  summer  days  in  terms  of  the  direct  solar  radia- 
tion to  sky  radiation  ratio. 

The  solar  altitude  is  the  angle  (see  Fig.  1)  between  the  sun's  rays  and  the 
horizontal. 

In  the  usual  application  the  receiving  surface  (e.g.,  building  roof  or  wall) 
will  not  be  perpendicular  to  the  rays  of  the  sun.  The  intensity  of  the 
direct  radiation  incident  upon  a  surface,  Btu  per  (hour)  (square  foot  of 
absorbing  surface),  which  is  oriented  with  an  angle  of  incidence  8  for  the 
sun's  rays,  is 

/a  -  KI*>  (1) 

where  Id  *=  intensity  of  incident  direct  radiation,  Btu  per  (hour)   (square  foot  of 

absorbing  surface). 
Zn  —  intensity  of  direct  radiation  on  a  plane  normal  to  the  sun's  rays,  Btu  per 

(hour)  (square  foot),  (from  Table  5). 
K  «  cosine  of  the  angle  of  incidence  0. 

The  angle  of  incidence  (see  Fig:  2)  is  the  angle  between  the  sun's  rays 
and  the  normal  to  the  absorbing  surface. 
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For  horizontal  surfaces  the  magnitude  of  K  is  determined  by  the  time  of 
year,  the  time  of  day  (sun's  position),  and  the  latitude  of  the  location  con- 
cerned. For  vertical  surfaces,  a  fourth  factor  is  needed:  the  azimuth  of 
the  surface.  The  azimuth  (see  Fig.  3)  is  the  angle,  measured  clockwise, 
from  the  south  to  the  exterior  side  of  the  wall  in  question. 

Complete  tabulated  calculations  are  available  for  magnitudes  of  the 
factor  jRT,  extending  over  all  latitudes,  all  azimuths,  all  months  of  the  year, 
and  all  hours  of  the  day.5  Illustrative  excerpts  are  given  in  Tables  7  and 
8.  Data  of  this  type  are  valuable  for  all  manner  of  problems  involving 
solar  radiation,  and  not  only  for  cooling-load  calculations. 

The  reader  is  warned  that  values  of  K  from  Tables  7  and  8  include  only 
the  direct  radiation ;  sky  radiation  must  be  calculated  separately  and  added 
to  the  direct  radiation  (see  Table  6). 

The  use  of  Tables  5,  6,  7,  and  8  requires  that  the  relation  between  solar 
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FIG.  3.  DEFINITION  OF  AZIMUTH 

The  azimuth  angle  «  is  always  measured  clockwise  from  the  south  to  the  exterior  side  of  the  wall  in 
question. 

altitude  and  mean  sun  time  be  available  in  convenient  form.    Table  9 
provides  this  information. 

The  preceding  discussion  has  been  concerned  only  with  incident  radiation. 
When  radiation  is  incident  upon  a  surface,  part  is  reflected,  part  is  ab- 
sorbed, and,  if  the  material  transmits  radiant  energy,  part  is  transmitted. 
Moreover,  the  building  surfaces  themselves  send  out  radiant  energy  to  the 
sky  and  to  the  surroundings.  The  heat  balance  on  an  outer  surface,  for  a 
unit  time  interval,  may  be  expressed  as  follows : 


Heat  entering!         f  Incident  direct    ,     ( Incident  sky 
outer  surface  J  "*  \solar  radiation         \    radiation 


f  Reflected  sky 
\    radiation 


jRadiation  emitted 
[to  sky  by  surface 


(Reflected  direct 
\      radiation 
fAir-to-surface 
[convection     (2) 


The  convective  heat  transfer  may  be  either  to  or  from  the  surface,  de- 
pending upon  whether  the  air  temperature  is  higher  or  lower  than  the  sur- 
face temperature.  No  term  has  been  included  to  represent  radiation  ex- 
change with  other  objects  in  the  surroundings,  as  this  effect  is  not  usually 
of  significant  magnitude  relative  to  the  others. 

In  practical  calculations,  the  difference  between  incident  and  reflected 
radiation  is  computed  by  multiplying  the  incident  radiation  by  a  factor 
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TABLE  7.  VALUES  OF  K  FOR  HORIZONTAL  PLANES  IN  NORTH  LATITUDES* 
DURING  THE  PERIOD  MAY  2-AuausT  10 


LOCAL  MEAN 

NORTH  LATITUDE  —  DEGREES 

SUN  TIME*> 

A.M.                       P.M. 

25 

30 

35 

40 

45 

50 

5                             7 

.034 

.070 

.106 

6                             6 

.145 

.171 

.196 

.220 

.242 

.262 

7                             5 

.365 

,382 

.395 

.406 

.414 

.418 

8                             4 

.570 

,578 

.581 

.580 

.574 

.564 

9                             3 

.747 

.746 

.740 

.729 

.712 

.689 

10                            2 

.882 

.876 

.863 

.843 

.817 

.785 

11                             1 

.967 

.957 

.940 

.915 

.884 

.845 

12 

.996 

.985 

.966 

.940 

.906 

.866 

a  Figured  for  solar  declination  of  20  deg.  &  The  relation  between  local  mean  sun  time  and  civil  time  may 
be  obtained  from  Weather  Bureau  offices  in  various  localities. 

called  the  absorptivity  or  the  emissivity.  (See  Table  6  and  Equation  3, 
Chapter  5).  Convection  is  calculated  as  explained  in  Chapters  5  and  9. 

The  daytime  radiation  emitted  to  the  sky  by  a  surface  is  not  usually 
calculated  as  a  separate  item  in  practical  air-conditioning  work.  Its 
effect  may  be  roughly  accounted  for  by  an  adjustment  of  the  magnitude  of 
the  absorptivity  factor  for  solar  radiation,  and  this  approach  is  often  fol- 
lowed in  making  emissivity  measurements  for  building  materials  exposed 
to  the  sun  and  sky. 

When  a  building  surface  is  exposed  to  a  dear  night  sky,  there  is  an  appre- 
ciable net  exchange  of  low  temperature  radiant  energy  from  the  surface 
to  the  sky,  but  this  is  not  considered  for  the  usual  comfort  cooling  calcula- 
tion. When  peak  load  conditions  occur  at  night,  nocturnal  radiation  is  of 
particular  importance  for  glass  sections.  For  further  information,  see 
Brunts  equation  as  given  by  Haurwitz.4 


TABLE  8. 


VALUES  OF  K  FOR  VERTICAL  PLANES  IN  NORTH  LATITUDES  DURING 
THE  PERIOD  MAT  2-AuausT  10 


LATI- 
TUDE* 
DEO 

30 

LOCAL  MEAN 
SUN  TiMEb 
A.M.     * 
1        PTM> 
•Y        Y 
6          6 
7          5 
8          4 
9          3 
10           2 
11           1 
12 

AZIMUTH  SCALES  FOR  VALUES  OF  K  IN  ORDINARY  TTMS« 

0 
180 

15 
165 

30 

45 

60 

75 

90 

105 

120 

135 

150 

165 

180 

.940 
.908 
.814 
,664 
.470 
.243 
.000 

.831 
.832 
.770 
.651 
.482 
.276 
.045 

.666 
.699 
.674 
.593 
.462 
.289 
.087 

.455 
.518 
.532 
.495 
.410 
.283 
.123 

.213 
.303 
.354 
.363 
.331 
.258 
.150 

.043 
.066 
,151 
.207 
.229 
.217 
.168 

£96 
.175 
Ml 
.036 
.111 
.158 
.174 

.629 
.404 
$70 
.137 
.015 
.089 
.168 

.736 
.605 
460 
.501 
.139 
.015 
.150 

.874 
.765 
.619 
.444 
.254 
.061 
.123 

.962 
.873 
.736 
.657 
.852 
.13$ 
.087 

.984 
.$28 
.80S 
.632 
.4X5 
.194 
.045 

.940 
.908 
.814 
.664 
.470 
.$43 
.000 

45 

5           7 
6           6 
7           5 
8          4 
9           3 
10           2 
11           1 
12 

.908 
.940 
.908, 
.814 
.664 
.470 
.243 
.000 

.^70 
.845 
.859 
.809 
.701 
.540 
.338 
.109 

.579 
.693 
.751 
.750 
.689 
.574 
.411 
.211 

.349 
.493 
.592 
.639 
.631 
.568 
.455 
.299 

,095 
.260 
.393 
.485 
.530 
.524 
.468 
.366 

.165 
.010 
.167 
.298 
.392 
.444 
.449 
.408 

M4 
MS. 
.070 
.090 
.228 
.334 
.400 
.423 

.635 
.477 
JSOSS 
MS 
.048 
.201 
.323 
.408 

.812 
.679 
.614 
.S$9 
.135 
.054 
.225 
.366 

.934 
.835 
.691 
.51$ 
.309 
.096 
.111 
.299 

.993 
.935 
Ml 
.660 
.461 
.$40 
.011 
.211 

.984 
.970  ' 
.895 
.76$ 
.583 
.S68 
.131 
.109 

.908 
.940 
.908 
.814 
.664 
.470 
.$43 
.000 

t.  A* 

_A.M.    —  > 
Time 

360 
180 

345 
195 

330 
210 

315 

225 

300 
240 

285 
255 

270 
270 

255 
285 

240 
300 

225 
315 

210 
330 

195 
345 

180 
360 

AZIMUTH  SCALES  FOR  VALUES  OF  K  IN  ITALICIZED  TYPE 

*  Values  for  30  deg  latitude  may  be  employed  over  the  range  25  deg  to  35  deg.  Values  for  45  deg  latitude 
may  be  employed  over  the  range  40  deg  to  50  deg.  Interpolation  will  yield  values  for  the  range  35  deg  to 
40  deg  latitude. 

b  The  relation  between  local  mean  sun  time  and  civil  time  may  be  obtained  from  Weather  Bureau  offices 
in  various  localities. 

0  Values  in  ordinary  type  are  for  azimuths  0  to  180  deg.  Values  in  italic  type  are  for  azimuths  180  to  360 
deg. 
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The  Sol-Air  Temperature 

A  convenient  way  of  combining  the  effects  of  solar  and  sky  radiation, 
solar  absorptivity,  temperature,  and  air  movement  is  to  use  the  concept 
of  sol-air  temperature.  The  sol-air  temperature,  t99  is  the  temperature  of 
outdoor  air  which,  in  contact  with  the  weather  side  of  a  material  that  is 
receiving  no  solar  or  sky  radiation,  would  give  the  same  rate  of  heat  entry 
into  that  surface  as  would  exist  with  the  actual  combination  of  incident 
solar  and  sky  radiation  and  convective  heat  transfer. 

In  order  to  calculate  the  rate  of  heat  transfer  into  an  outside  building 
surface  for  any  Instant  of  time,  it  is  necessary  to  consider : 

1.  The  intensity  of  direct  solar  radiation  striking  the  surface. 

2.  The  absorptivity  of  the  surface  for  direct  solar  radiation. 

3.  The  intensity  of  sky  radiation  striking  the  surface. 

TABLE  9.    RELATION  BETWEEN  LOCAL  MEAN  SUN  TIME  AND  SOLAB  ALTITUDE 
DUBING  THE  PERIOD  MAT  2-AUGUST  10  FOE  NOBTH  LATITUDES 


LOCAL  MEAN 
SUN  TIME 

A.M.                     P.M. 

SOLAR  ALTITUDE 

NORTH  LATITUDE  —  DEGREES 

25 

30 

35 

40 

45 

'  50 

5                            7 
6                           6 
7                           o 
S                            4 
9                           S 
10                            2 
11                             1 
12 

0 

8.5 
21.5 
35, 
48.5 
62. 
75.5 
85. 

0 

10. 
22.5 
34,5 
48. 
61. 
73. 
SO. 

0 
11. 

23.5 
35.5 
47.5 
59.5 
70. 
75. 

2. 
12.5 
24. 
35.5 

47. 
57.5 
66. 
70. 

4. 
14. 
24.5 
35. 
45.5 
55. 
02, 
65. 

G. 
15. 
24.5 
34.5 
43.5 
51.5 
57.5 
00. 

4.  The  absorptivity  of  the  surface  for  sky  radiation. 

5.  The  rate  at  which  the  surface  emits  radiation  to  the  sky. 

6.  The  temperature  of  the  surrounding  air. 

7.  The  temperature  of  the  outer  building  surface. 

8.  The  unit  convective  conductance  for  heat  transfer  between  the  air  and  the 
building  surface.    The  magnitude  of  the  convective  conductance  depends  upon  the 
position  of  the  surface  and  the  velocity  of  the  wind  or  air  currents. 

The  simultaneous  consideration  of  all  these  effects  is  too  complex  for 
practical  application,  and  therefore  the  sol-air  temperature  is  developed 
as  follows : 

1.  The  equation  for  the  rate  of  heat  transfer  into  the  weather  side  of  a  sunlit  build- 
ing material  at  any  instant  is  written : 


(i), 


Wt  +  /ofto  -  JL)  Btu  per  (hour)  (square  foot). 


(3) 


where  6  =  absorptivity  of  weather  side  of  material  for  incident  solar  and  sky  radia- 
tion, dimensionless. 

/t  «  rate  of  incidence  of  solar  and  sky  radiation,  Btu  per  (hour)  (square  foot). 

<0  =  outside  air  temperature,  Fahrenheit  degrees. 

tt,  =  temperature  of  weather  surface  of  the  material,  Fahrenheit  degrees. 

/0  «  unit  convective  conductance  of  outside  surface,  Btu  per  (hour)  (square 
foot)  (Fahrenheit  degree). 
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2.  The  sol-air  temperature  is  defined  as: 

«,-«.+£'  (4) 

Jo 

3.  Then,  the  instantaneous  rate  of  heat  entry  into  the  weather  side  of  the  structure 
becomes  : 


(  1  ) 


(5) 


Example  1.    If  t&  =  90  F,  b  =  0.7,  1  =  200  Btu  per  (hour)  (square  foot)  ,  and/0  =  4, 
find  the  sol-air  temperature,  t6.    Substituting  these  values  in  Equation  4: 


Thus  tbe  instantaneous  rate^of  entry  of  heat  into  tbe  weather  side  of  this  material  is 
precisely  the  same  as  if  the  air  temperature  were  125  F  with  no  solar  and  sky  radiation 
exchange  with  the  surface. 

The  preceding  sol-air  concept  is  intended  for  non-glass  building  areas. 
For  glass  surfaces  a  similar  method  could  be  developed,  with  the  addition 
of  terms  to  account  for  absorption  within  the  material  and  outward  radia- 
tion from  the  interior  space.  It  is  customary,  however,  to  treat  glass 
separately.  (See  section  on  Glass  Areas  in  this  chapter). 

The  sol-air  temperature  is  a  composite  quantity,  the  magnitude  of  which 
is  influenced  by  each  of  the  variables  entering  its  defining  equation.  Es- 
tablishing its  magnitude  for  design  calculations  is  part  of  the  broad  prob- 
lem of  determining  weather-design  data.  Sufficient  studies  have  been 
completed,  however,  to  produce  some  sol-air  data  of  practical  value. 

Data  of  the  U.  S.  Weather  Bureau  for  the  10-year  period  from  1932 
through  1941  have  been  studied  for  New  York,  N.  Y.,5  and  Lincoln,  Nebr.6 
Only  simultaneous  values  of  the  air  temperature  and  solar  and  sky  radia- 
tion have  been  combined  in  determining  design  values  of  the  sol-air  tem- 
perature for  various  surfaces  at  different  times  of  day  in  these  localities. 
Since  the  24-hour  average  of  the  sol-air  temperature  is  greater  in  July  than 
for  any  other  month  at  both  stations,  the  sol-air  temperature  at  each  hour 
in  July,  which  was  equalled  or  exceeded  at  that  hour  only  16  times  in  310 
observations,  was  chosen  as  the  design  sol-air  temperature. 

Summer  design  sol-air  temperatures  are  given  in  Table  10  for  New  York, 
N.  Y. ;  Table  11  gives  similar  data  for  Lincoln,  Nebr.  These  data  may  be 
taken  as  representative  for  similar  places  in  northern  latitudes  in  the  United 
States. 

Tables  10  and  11,  referring  to  New  York  for  an  industrial  area,  and  to 
Lincoln,  Nebr.,  for  a  non-industrial  area,  can  be  used  to  determine  sol-air 
temperatures  for  other  locations  and  conditions  by  applying  corrections  as 
explained  in  the  following  paragraphs  (using  the  same  symbols  as  given  in 
Tables  10  and  11,  but  indicated  by  (')  for  other  conditions) : 

1.  To  adjust  the  data  in  Tables  10  and  11  for  the  variation  of  7t  with  latitude: 

a.  Compute  /'t  for  the  latitude  in  question  from  the  data  presented  previously  in 
this  chapter.     (For  smoky  industrial  areas,  decrease  the  direct  radiation  from  Table 
5  by  15  to  20  per  cent  for  afternoon  hours.) 

b.  Determine  the  difference  (I'\  —  /t)  and  multiply  this  by  0.25.    Find  It  - 
fte  —  tQ)  from  Tables  10  and  11. 

c.  Add  (algebraically)  the  difference  0.25  (/%  —  I*)  to  the  data  tabulated. 
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TABLE  10.    SUMMER  DESIGN  SOL-AIB  TEMPERATURES  FOR  NEW  YORK,  N.  Y. 
(NORTH  LATITUDE  40°46';  ELEVATION  180  FT) 


MEAN 

SOL-AIR  TEMPERATURE,  t9  FAHRENHEIT  DEGREES 

SUN  TIME 

Any  Surface^ 

Horizontal 

North 

East 

South 

West 

b 

Ratioa:  

0 

0.25 

0.25 

0.25 

0.25 

0.25 

fa 

12  midnight 
1  a.m. 

79 
78 

79 

78 

79 

78 

79 
78 

79 

78 

79 
78 

2 

77 

77 

77 

77 

77 

77 

3 

77 

77 

77 

77 

77 

77 

4 

76 

76 

76 

76 

76 

76 

5 

76 

76 

76 

76 

76 

76 

6 

76 

81 

80 

89 

77 

77 

80 

96 

85 

106 

82 

82 

8 

82 

110 

85 

114 

86 

85 

9 

86 

127 

90 

120 

97 

90 

10 

88 

137 

92 

114 

104 

92 

*  11 

90 

148 

94 

106 

111 

94 

12  noon 

92 

155 

97 

97 

115 

98 

1  p.m. 

93 

154 

98 

98 

117 

108 

2 

94 

152 

99 

99 

112 

126 

3 

94 

144 

99 

99 

102 

136 

4 

94 

136 

99 

99 

99 

145 

5 

93 

121 

103 

97 

97 

140 

6 

90 

106 

106 

93 

93 

134 

7 

88 

93 

102 

90 

90 

115 

8 

85 

85 

85 

85 

85 

85 

9 

83 

83 

83 

83 

83 

83 

10 

82 

82 

82 

82 

82 

82 

11 

81 

81 

81 

81 

81 

81 

24-hr  avg,  lm 

84.8 

106.4 

88.5 

92.3 

90.7 

96.5 

» 6  «  surface  absorptivity,  dimensionlesa. 

/o  =»  unit  convective  conductance,  Btu  per  (hr)  (aq  ft)  (F  deg). 

b  Values  in  this  column  are  magnitudes  of  t0,  the  outdoor  air  temperature. 

TABLE  11.    SUMMER  DESIGN  SOL- AIR  TEMPERATURES  FOR  LINCOLN,  NEBR. 
(NORTH  LATITUDE  40°50';  ELEVATION  1225  FT) 


MEAN 

SOL-AIR  TEMPERATURE,  fo,  FAHRENHEIT  DEGREES 

.SUN  TIME 

Any  Surface^ 

Horizontal 

North 

East 

South 

West 

Ratio«:  

0 

0.25 

0.25 

0.25 

0.25 

0.26 

/o 

12  midnight 

89 

89 

89 

80 

80 

80 

1  a.m. 

88 

88 

88 

88 

88 

88 

2 

86 

86 

86 

86 

86 

86 

3 

84 

84 

84 

84 

84 

84 

4 

84 

84 

84 

84 

84 

84 

5 

82 

82 

82 

82 

82 

82 

6 

81 

87 

88 

100 

82 

82 

7 

82 

103 

03 

125 

85 

85 

8 

88 

124 

04 

137 

92 

02 

0 

03 

143 

98 

142 

104 

08 

10 

06 

160 

102 

138 

115 

102 

11 

100 

172 

106 

129 

125 

106 

12  noon 

102 

178 

108 

115 

130 

108 

1p.m. 

104 

180 

110 

110 

132 

110 

2 

106 

178 

112 

113 

131 

137 

3 

107 

170 

113 

113 

126 

150 

4 

107 

158 

112 

112 

117 

158 

5 

106 

142 

113 

110 

110 

157 

6 

105 

126 

117 

108 

108 

140 

7 

102 

109 

113 

104 

104 

128 

8 

08 

00 

OS 

98 

98 

08 

0 

04 

04 

04 

94 

04 

04 

10 

02 

02 

02 

92 

92 

92 

11 

00 

00 

00 

90 

90 

90 

24-hr  avg.  tm 

04.4 

121.6 

08.6 

105.0 

I02.J, 

106.6 

»  &  «  surface  absorptivity,  dimensionlesa. 

/o    *"  unit  convective  conductance,  Btu  per  (hr)  (sq  ft)  (F  deg). 

b  Values  in  this  column  are  magnitudes  of  (0,  the  outdoor  air  temperature. 
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2.  To  adjust  the  data  in  Tables  10  and  11  for  variations  in  t0: 

a.  Establish  the  magnitude  of  £'0  at  the  locality  in  question. 

b.  Determine  the  difference  (t'0  —  i0). 

c.  Add  (algebraically)  the  difference  (tf'0  -  <0)  to  the  data  tabulated. 

3.  To  adjust  the  data  in  Tables  10  and  11  to  other  magnitudes  of  b//0  than  0.25: 
a.4  For  New  York  or  Lincoln,  merely  interpolate  or  extrapolate  the  tabulated  data 

by  direct  proportion,  using  the  column  for  6//0  =  0, 

b.  For  other  localities,  first  determine  t'9  =  t'0  +  bff0  Ft  for  &//0  »  0  and  &//0  = 
0.25.  Then  interpolate  or  extrapolate  by  direct  proportion  as  before. 

Sol-air  data  for  a  particular  locality  may  be  adjusted  for  different 
azimuths  of  the  vertical  surface  in  question  in  a  similar  manner,  although, 
all  things  considered,  a  simple  interpolation  between  the  four  points  of  the 
compass  should  serve  for  all  but  the  most  accurate  calculations. 

An  example  of  the  use  of  the  tables  in  determining  sol-air  temperature 
is  given. 

Example  2.  Find  the  summer  design  sol-air  temperature  in  New  York,  N.  Y. 
or  a  west  wall  which  has  a  solar  absorptivity  of  0.7,  at  a  sun  time  of  3:00  p.  m. 

Use  /0  «s  4;  then  —  for  this  wall  is  —  or  0.175. 
Jo  4.0 

b  b 

From  Table  10:  for-  =  0,  t«  =  94  F;  for-  »  0.25,  £e  -  136  F;  and  by  linear  inter- 

Jo  /o 

polation  for  this  wall: 

k  =  94  +  ~~  (136  -  94)  -  94  +  29  =  123  F. 


Sol-air  temperatures  are  especially  helpful  in  the  calculation  of  periodic 
heat  transfer,  as  will  be  illustrated  in  the  material  which  follows. 

PRINCIPLES  OF  PERIODIC  HEAT  FLOW 

Calculation  principles  for  periodic  heat  flow  are  dealt  with  briefly  in  this 
section  ;  in  the  section  which  follows,  practical  tables  are  given  to  facilitate 
rapid  design  estimates.  In  addition  to  the  rate  of  heat  entry  into  the  out- 
side building  surface  these  tables  take  into  account  the  following  factors  : 

1.  The  thermal  conductivity  of  material. 

2.  The  density,  specific  heat  and  character  of  material. 

3.  Thickness  of  material. 

4.  Room  air  temperature. 

5.  Unit  convective  conductance  between  the  inside  surface  and  room  air;  and 
radiant  heat  transfer  between  the  inside  surfaces  and  other  surfaces  in  the  room- 

Time  Lag 

The  fundamental  analysis  of  periodic  heat  flow  is  complicated  when 
compared  with  steady-state  calculations  on  account  of  the  time-variable 
storage  of  heat  from  point  to  point  through  a  wall  or  roof.  The  cyclic 
variation  of  outdoor  conditions  produces  a  related  cyclic  variation  of  tem- 
perature and  heat  flow  throughout  each  structural  section  exposed  to  the 
weather.  The  cyclic  variations  undergo  a  progressive  shift  in  phase  and 
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decrease  in  amplitude  in  going  through  a  wall  with  constant  conditions 
maintained  in  the  indoor  space. 

By  a  shift  in  phase  is  meant  that  as  the  cyclic  temperature  wave  passes 
through  the  wall,  the  time  of  occurrence  of  the  maximum  temperature  at 
any  point  shifts  farther  and  farther  behind  the  time  of  the  outer-surface 
maximum  for  successive  positions  through  the  wall.  The  resultant  time 
lag  between  the  outer-surface  and  inner-surface  maximum  temperatures 
is  important,  for  it  may  be  the  determining  factor  in  fixing  the  time  of  the 
maximum  cooling  load. 

By  a  decrease  in  amplitude  is  meant  that  as  the  cyclic  temperature  wave 
passes  through  the  wall,  the  difference  between  the  maximum  temperature 
of  a  cycle  and  the  mean  temperature  of  the  cycle,  which  is  the  amplitude 
of  the  wave  by  definition,  decreases  progressively  as  the  wave  passes 
through  the  wall.  The  magnitude  of  the  temperature  amplitude  at  the 
inner  wall  surface  is  necessary  for  the  determination  of  the  instantaneous 
rate  of  heat  transfer  to  the  indoor  space. 

Practical  design  data  for  periodic  heat  flow  comprise  a  means  of  deter- 
mining the  time  lag  and  amplitude  decrement  for  different  wall  construc- 
tions, and  any  given  outdoor  cycle  of  sol-air  temperature.  Both  analytical 
and  experimental  studies  have  been  made  on  this  problem.7  While  the 
analytical  solution  has  been  written,  it  is  far  too  detailed  for  direct  use  in 
rapid  practical  work  ;  and  the  extensive  numerical  work  required  to  estab- 
lish a  basis  for  simplified  calculations  has  been  only  partially  completed. 
The  method  reported  by  Mackey  and  Wright7  will  be  adopted  as  the  basis 
for  the  design  procedure  recommended  here. 

Homogeneous  Walls  or  Roofs,  Constant  Indoor  Temperature 

For  walls  or  roofs  of  a  single,  homogeneous  material,  the  instantaneous 
rate  of  heat  gain  within  an  enclosure  where  the  indoor  air  temperature  is 
held  constant  is,  approximately, 

*L  =  U  (tm  -  t{)  4-  \U  (U*  -  *m)  Btu  per  (hour)  (square  foot)  (6) 

A. 

where  4*  =  24-hr  average  sol-air  temperature  for  the  particular  value  of  —  ,  Fahren- 

/o 

heit  degrees. 

X  =  amplitude  decrement  factor,  a  variable  that  depends  upon  the  thickness, 
material,  and  orientation  of  the  wall  or  roof;  see  Table  12  for  values. 
The  amplitude  decrement  factor  X  as  used  in  this  chapter  is  equivalent 

to  I  --:  j.j  —  )  as  defined  by  Mackey  and  Wright7  and  also  used  by  Stew- 
art.11- 

te*  =  sol-air  temperature  at  a  time  earlier  than  the  time  for  which  the  heat 
gain  is  being  found  by  an  amount  that  is  equal  to  the  time  lag  of  the 
wall  or  roof,  Fahrenheit  degrees;  see  Table  12  for  values  of  time  lag. 
U  ~  overall  coefficient  of  heat  transfer  of  the  wall  or  roof,  Btu  per  (hour) 
(square  foot)  (Fahrenheit  degree), 


/i      fo      k      1.65      4      k 

L  =  thickness  of  building  material,  feet. 

=  thermal  conductivity  of  building  material,  Btu  per  (hour)  (square  foot) 
(Fahrenheit  degree  per  foot). 

i  —  unit  convective  conductance  (film  coefficient  of  heat  transfer)  of  in- 
door air,  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree), 
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/0  =  unit  convective  conductance  (film  coefficient  of  heat  transfer)  of  outdoor 
air  for  summer  conditions  of  approximately  7.5  mph  wind  velocity,  Btu 
per  (hour)  (square  foot)  (Fahrenheit  degree). 

The  time  at  which  the  maximum  occurs  in  the  rate  of  heat  entry  into  the 
outside  surface  of  walls  or  roofs  is  taken  as  the  time  at  which  the  peak  point 
occurs  in  the  sol-air  temperature  cycle  (mean  sun  time  is  used  in  the  sol-air 
cycles).  The  corresponding  maximum  rate  of  heat  entry  follows  from 
Equation  6  with  te*  being  the  maximum  temperature  of  the  sol-air  cycle. 

The  time  of  maximum  heat  gain  to  the  room  is  obtained  by  adding  the 
time  lag  to  the  time  of  maximum  sol-air  temperature  (from  Tables  10  or 
11)  for  the  particular  wall  or  roof. 

The  magnitude  of  the  second  term  in  Equation  6  relative  to  the  first 
term  indicates  the  relative  portion  of  the  structural  heat  in-flow  assignable 

TABLE  12.    PERIODIC  HEAT  FLOW  DATA  FOB  HOMOGENEOUS  WALLS  OR  ROOFS 


MATERIAL 

THICK- 
NESS, 
IN. 

OVER-ALL 
COEFFICIENT, 
BTU  PER  (H-R) 

(SQ  FT)  (°F) 
C/a 

THERMAL 
RESISTANCE 
OF  SOLID 
MATERIAL, 

(HR)  (SQ  FT) 

(°F)/Bxu 
T 

TIME 
LAG, 
HR 

FACTOR,  \,  IN  EQUATION  6 

Horizontal 
and  North 

East 

South 

West 

Stone 

8 
12 
16 

24 

0.67 
0.55 
0.47 
0.36 

0.64 
0,96 
1.28 
1.92 

5.5 
8.0 
10.5 
15.5 

0.51 
0.28 
0.17 
0.06 

0.36 
0.19 
0.10 
0,03 

0.48 
0.26 
0.15 
0.05 

0.42 
0.22 
0.13 
0.04 

Solid  Concrete 

2 

4 
6 
8 
12 

16 

0.98 
0.84 
0.74 
0.66 
0.54 
0.46 

0.17 
0,33 
0.50 
0.67 
1.00 
1.33 

1.1 

2.5 
3.8 
5.1 
7.8 
10.2 

0.93 
0.79 
0.61 
0.49 
0,29 
0.17 

0,87 
0.68 
0.46 
0.33 
0.17 
0.09 

0.92 
0.76 
0.58 
0.46 
0,26 
0.15 

0.89 
0.72 
0.51 
0.39 
0,22 
0.12 

Common  Brick 

4 
8 
12 
16 

0.60 
0.41 
0.31 
0.25 

0.80 
1.60 
2.40 
3.20 

2.3 
5.5 
8.5 
12.0 

O.S3 
0.51 
0.26 
0.13 

0.75 
0.39 
0.17 
0.08 

0.81 
0.49 
0.25 
0.12 

0.78 
0.44 
0.21 
0.10 

Face  Brick 

4 

0.77 

0.44 

2.4 

0.81 

0.70 

0.78 

0.74 

Wood 

1 

2 

0.68 
0.48 
0.30 

0.62 
1.25 
2.50 

0,17 
0.45 
1.3 

1.0 
1.0 
0.98 

1.0 
0.99 
0.91 

1.0 

0.99 
0.96 

1.0 
0.99 
0.94 

Insulating 
Board 

H 

2 
4 
6 

0.42 
0,26 
0.14 
0.08 
0.05 

1.51 
3.03 
6.05 

12.1 
18,2 

0.08 
0.23 
0.77 
2.7 
5.0 

1.0 
1.0 
1.0 
0.83 
0.64 

1.0 
1.0 
1.0 
0.74 
0.49 

1.0 
1.0 
1.0 
0.81 
0.61 

1.0 
1.0 
1.0 
0.76 
0.55 

*  Based  upon  an  outdoor  combined  film  coefficient  of  4.0  and  an  indoor  combined  film  coefficient  of  heat 
transfer  of  1.65  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree). 

to  periodic  heat  flow.  The  periodic  term  is  continually  passing  through  a 
cyclic  variation  from  zero  to  a  positive  maximum,  to  zero,  to  a  negative 
maximum,  to  zero  again  and  so  on  over  each  24  hour  cycle.  Surfaces  with 
different  exposures  pass  through  these  cycles  with  maximum  points  at  dif- 
ferent times  of  day. 

An  example  in  the  use  of  Tables  10, 11,  and  12  follows: 

Example  3.  Find  the  instantaneous  design  rate  of  heat  gain  through  an  8-in.  west 
wall  of  common  brick  (b  =  0.7, /0  =  4)  located  in  New  York,  N.  Y.,  at  9:30  p.m.  sun 
time,  when  the  temperature  of  the  indoor  air  is  constant  at  80  F. 

From  Table  12,  U  =  0.41,  the  time  lag  is  5.5  hr ,  and  X  =  0.44. 

By  linear  interpolation  on  the  basis  of  the  value  of  6//0  in  Table  10, 

tm  «  84.8  +  ~~  (96.5  -  84.8)  =  93  F, 
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TABLE  13.    SUMMEE  DESIGN  SOL-AIR  TEMPERATURES  USED  FOR  TABLES  14 

AND   15 


MEAN  SUN  TIME 

SoL-AiK  TEMPEBATURE  t&  FAHBBNHKIT  DEGREES 

Any 
Sur- 
face1* 

Horiz. 

North 

East 

South 

West 

Ratio*:  7- 
;o 

0 

0.225 

0 

0.225 

0.125 

0.225 

0.125 

0.225 

0.125 

12  Midnight 
1  AM 
2 
3 

77 
76 
76 

75 

77 
76 
76 
75 

77 
76 

76 

75 

77 
76 

76 

75 

77 
76 
76 
75 

77 
76 

76 

75 

77 
76 
76 

75 

77 
76 
76 

75 

77 
76 
76 

75 

4 
5 
6 

7 

74 
74 

74 
75 

74 
74 
76 
91 

74 
74 

74 

75 

74 
75 
110 
123 

74 
80 
93 
100 

74 
74 
74 
75 

74 
74 
74 

75 

74 
74 

74 
75 

74 

74 
74 

75 

8 
9 
10 
11 

77 
80 
83 
87 

106 
119 
129 
137 

77 
80 
83 
87 

126 
125 
117 
108 

103 
104 
100 
96 

82 
93 
102 
110 

78 
86 
93 
99 

77 
80 
83 
89 

77 
80 
83 
87 

12  Noon 
1PM 
2 
3 

90 
93 
94 
95 

142 
144 
140 
132 

90 
93 
94 
95 

92 
93 
95 
95 

92 
93 
94 
95 

114 
115 
111 
104 

104 
105 
104 
100 

96 
110 
124 
135 

92 
102 
111 
119 

4 
5 
6 

7 

94 
93 
91 
87 

120 
107 
96 
90 

94 
93 

91 

87 

94 
93 
91 

87 

94 
93 
91 

87 

99 
95 
91 

88 

96 
94 
91 

87 

141 
139 
125 
103 

120 
118 
111 
94 

8 
9 
10 
11 

85 
83 
81 
79 

85 
83 
81 
79 

85 
83 
81 
79 

85 
83 
81 
79 

85 
83 
81 
79 

85 
83 
81 
79 

85 
83 
81 
79 

85 
83 
81 
79 

85 
83 
81 
79 

24  Hr  Avg  &n 

83.1 

100.5 

83.1 

93.0 

88.4 

89.0 

86.2 

93.0 

88.4 

a  6  »  surface  absorptivity,  dimensionless:  roof  =  0.9;  dark  walls  «=  0.9,  and  light  walls  »  0.6,  /0  «•  unit 
convective  conductance  =  4.0  Btu  per  (hr)  (F  deg)  . 
b  values  in  this  column  are  magnitudes  of  to,  the  outdoor  air  temperature. 

The  design  sol-air  temperature  at  a  time  earlier  than  9:30  p.m.  by  the  time  lag  (at 
4:00  p.m.)  for  a  west  wall  in  New  York,  N.  Y.,  is,  from  Table  10, 


94  4- 


(145  -  94)  -  129.7  F 


From  Equation  6,  the  instantaneous  design  rate  of  heat  gain  is 


4  »  0.41  [(93  -  80)  +  0.44  (129.7  -  93)] 
A 

=  11.9  Btu  per  hour  for  each  square  foot  of  sunlit  surface. 

From  Table  12,  the  time  Jag  is  5.5  hr.  From  Table  10,  the  time  of  maximum  rate  of 
heat  entry  for  a  west  wall  is  4:00  p.m.  The  time  of  maximum  instantaneous  rate  of 
heat  gain  by  the  enclosure,  as  far  as  the  west  wall  is  concerned,  is  then  4:00  p.m.  plus 
5.5  hr  or  9  :30  p.m.  (This  is  sun  time.}  The  computed  rate  is  therefore  the  maximum. 
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1.0      0.9       08      07       0.6      0.5      04      03      02       0.1         0 


FIG.  4.  APPROXIMATE  VALUE  OP  THE  AMPLITUDE  DECREMENT  FACTOR  X  FOR 

USE  IN  EQUATION  6 


Composite  Walls  or  Roofs,  Constant  Indoor  Temperature 

A  composite  wall  or  roof  is  made  up  of  two  or  more  layers  of  different 
materials.  Since  the  analytical  solution  for  this  type  of  construction  has 
not  been  reduced  to  simple  and  practical  terms,  it  is  necessary  at  present 
to  utilize  approximate  procedures.  In  accord  with  the  results  of  com- 
parative calculations,  the  following  procedures  are  suggested.7 

To  find  the  time  lag  for  a  composite  construction: 

a.  Find  the  time  lag  for  each  layer  from  Table  12. 

b.  Add  the  individual  time  lags,  recognizing  that  this  sum  will  always  be  less  than 
the  true  time  lag  for  the  actual  composite  wall. 

c.  To  the  sum  from  (b),  add  an  arbitrary  additional  lag  of  J  to  1  hr  to  obtain  the 
estimated  lag  for  the  actual  construction.    For  two-layer  and  light  construction 
walls,  the  J-hr  value  will  be  suitable  while,  for  walls  of  three  or  more  layers,  or  very 
heavy  construction,  the  1-hr  value  is  preferred.    For  intermediate  conditions,  indi- 
vidual judgment  is  the  only  guide.     (Computed  time  lags  should  not  be  considered 
to  be  accurate  closer  than  to  about  the  nearest  hour  by  this  method.) 

To  find  the  amplitude  decrement  factor,  X,  for  composite  construction: 

Having  determined  the  time  lag  and  the  orientation,  use  Fig.  4.  (Note  also  that 
the  factor  X  for  a  composite  construction  should  never  exceed  the  product  of  the  fac- 
tors for  the  individual  layers.) 

One  valuable  result  of  the  analytical  studies  made  to  date  on  composite 
walls  has  been  the  demonstration  of  the  effect  of  the  order  of  the  materials. 
Other  factors  remaining  the  same,  the  use  of  the  material  of  lower  density 
on  the  weather  side  will  increase  the  time  lag  and  decrease  the  instan- 
taneous maximum  rate  of  heat  gain. 

Two  examples  are  given  to  show  how  .to  estimate,  roughly,  the  instan- 
taneous rate  of  heat  gain  through  sunlit  composite  walls  or  roofs. 

Example  4.  Estimate  the  maximum  instantaneous  design  rate  of  heat  gain  from 
a  horizontal  roof  in  New  York,  N.  Y.,  that  is  made  up  of  black  built-up  roofing  on  th? 
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weather  side  (6  =  1;/0  =  4;  thermal  resistance  =  0.28),  1  in.  of  insulating  board,  and 
4  in.  of  concrete  with  no  ceiling,  when  the  temperature  of  the  indoor  air  is  80  F. 
The  overall  coefficient  of  heat  transfer  for  this  construction  is: 

U  =  0.25  +  0.28  +  3.03  +  0.33  +  0.61  "  °'22  BtU  **  (boUr)  (SQUare  f°0t>  (F  deg)' 

If  the  time  lag  of  the  built-up  roofing  be  ignored,  the  sum  of  the  time  lags  of  the 
individual  layers  is,  from  Table  12,  (0.23  +  2.5)  or  2.73  hr. 

Actually,  the  time  lag  will  be  between  0.5  hr  and  1  .0  hr  greater  than  this,  so  assume 
a  time  lag  of  3.5  hr. 

From  Table  12,  the  homogeneous  concrete  roof  having  a  time  lag  of  3.5  hr  would 
have  a  value  of  X  of  about  0.65;  use  this  value  for  the  composite  roof. 

From  Fig.  4,  X  is  approximately  0.65. 

With  values  of  tm  and  U*  found  from  Table  10,  as  in  previous  examples,  use  Equa- 
tion 6  and  find  the  maximum  design  instantaneous  rate  of  heat  gain  as  : 

-7  -  0.22  [(106.4  -  80)  +  0.65  (155  -  106.4)]  =  13  Btu  per  (hr)  (sq  ft). 

A 

The  maximum  instantaneous  rate  of  heat  gain  from  this  roof  would  occur  at  about 
3:30  p.m.,  sun  time. 

Example  B.  Estimate  the  maximum  instantaneous  design  rate  of  heat  gain  from  a 
south  wall  in  Lincoln,  Nebr.,  consisting  of  4  in.  of  face  brick  (b  —  0.7;  /0  =  4),  4  in.  of 
common  brick,  furred,  with  an  air  space  (thermal  resistance  =  0.75),  and  finished  on 
the  inside  with  f  in.  of  plaster  on  metal  lath  (thermal  resistance  =  0.23)  ;  the  tem- 
perature of  the  indoor  air  is  constant  at  80  F. 

The  overall  coefficient  of  heat  transfer  for  this  construction  is  : 


U  -  0.25  +  0.44  +  0.80  +  0.75+0.23  +  0.61  =  ^^  ^  (aqft)  (Fdeg)' 

From  Table  12,  the  sum  of  the  time  lags  for  the  face  brick  and  the  common  brick 
is  (2.4  -f  2.3)  or  4.7  hr.  The  actual  time  lag  will  be  slightly  greater  than  this,  and  a 
value  of  5.5  hr  will  be  assumed. 

From  Fig.  4,  X  is  approximately  0.45. 

By  interpolation  in  Table  11,  ^  =  99.8  F,  and  t&*  =  123.6  F.  From  Equation  6 
the  maximum  instantaneous  design  rate  of  heat  gain  is: 

|  «  0.32  [(99.8  -  80)  +  0.45  (123.6  -  99.8)]  «  9.8  Btu  per  (hr)  (sq  ft). 
A. 

The  time  of  this  heat  gain  is  about  6:30  p.m.,  sun  time. 

Those  concerned  with  a  further  study  of  the  details  of  cooling-load  estimates  in  par- 
ticular relation  to  periodic  heat  flow  will  find  much  of  value  and  interest  in  the  re- 
ports of  experimental  studies  of  these  problems.7-  8«  9-  10 

PRACTICAL  TABLES  FOR  CALCULATING  SOLAR  HEAT 
GAM  THROUGH  WALLS  AND  ROOFS 

Use  of  Equivalent  Temperature  Differentials 

The  preceding  paragraphs  have  explained  the  principles  and  methods 
used  in  estimating  solar  heat  gain  by  use  of  sol-air  temperature.  This 
method  is  rather  tedious  and  is  not  convenient  for  every-day  use.  Some 
new  practical  tables11  have  therefore  been  developed  using  the  basic 
method  reported  by  Mackey  and  Wright,7  These  new  tables  utilize 
equivalent  temperature  differentials  which  may  be  multiplied  by  the  overall 
heat  transmission  coefficient  U  to  give  directly  the  total  heat  transmission, 
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Btu  per  square  foot,  from  solar  radiation  and  from  temperature  difference 
between  outside  and  room  air. 

These  tables  were  prepared  from  sol-air  data  as  shown  in  Table  13  which 
is  approximately  the  same  as  New  York  data  in  Table  10.  It  is  suggested 
that  Tables  14  and  15  be  used  for  general  estimating  purpose. 

These  analytical  procedures,  as  well  as  those  using  Tables  10, 11  and  12 
presented  here,  yield  generally  higher  rates  of  heat  gain  than  reported 
for  Pittsburgh  in  early  A.S.H.V.E.  experimental  studies.  Current  author- 
itative opinion  is  that  the  analytical  calculations  are  to  be  preferred,  all 
factors  considered. 

Tables  14  and  15  are  based  on  an  equation  re-arranged  from  Equation  6 
to  read : 

j-Z7[«m  +  xo:-U-«d.  (7) 

Let  tm  +  \  (C  —  £ra)  =  £p,  a  net  equivalent  outdoor  temperature  for  com- 
bined periodic  and  mean  heat  flow.  Magnitudes  of  tp  will  vary  cyclically 
with  time.  Then, 

|-Z7(*p-ii)  (8) 

which  is  a  simple  form  analogous  to  the  steady  state  equations  of  Chapters 
5  and  9.  The  rate  of  heat  flow  is  obtained  by  multiplying  the  overall  heat 
transmission  coefficient  of  the  structure  by  the  equivalent  temperature 
differential  obtained  from  the  tables. 

Tables  14  and  15  were  developed  by  using  an  outside  film  conductance 
of  4.0  and  an  inside  film  conductance  of  1.65  Btu  (hr)  (sq  ft)  (F  deg). 
A  reduction  was  made  in  the  temperature  differentials  for  roofs  amounting 
to  some  20  per  cent  of  solar  radiation  as  explained  by  Stewart.11  This  was 
to  compensate  for  several  factors,  one  of  which  is  the  radiant  heat  lost  to  the 
sky  which  is  not  included  in  the  Mackey  and  Wright  method.  The  tem- 
perature differentials  for  roofs  were  based  on  an  inside  film  conductance  of 
1.65  because  the  charts  prepared  by  Mackey  and  Wright7  used  this  value, 
and  it  was  not  considered  practicable  to  repeat  their  work  using  a  different 
film  coefficient.  An  examination  of  the  values  given  in  their  paper  indi- 
cates that  the  temperature  differential  would  be  changed  very  little  even  if  a 
value  1.20  were  used  instead  of  1.65.  But  to  obtain  the  heat  flow  rates 
through  roofs,  more  accurate  values  will  be  obtained  if  the  overall  heat  trans- 
mission coefficient  is  calculated  using  1.2  as  the  inside  film  conductance  of 
heat  transfer  in  summer. 

The  roof  coefficients  of  transmission  for  summer  shown  in  Table  16  are 
based  on  film  conductances/  of  4.0  for  an  outside  roof  surface  and  1.20 
for  an  inside  ceiling  surface.  The  outside  conductance  4.0  is  used  for 
summer  because  it  corresponds  to  a  wind  velocity  of  approximately  7.5 
mph  averaged  for  rough  and  smooth  surfaces,  and  is  more  representative 
of  summer  wind  velocities.  Also,  the  lower  wind  velocity  should  be  used  in 
order  to  be  on  the  safe  side  in  determining  the  sol-air  temperature.  The 
inside  conductance  1.20  is  used  because  the  convective  portion  of  the  film 
conductance  factor  of  downward  heat  flow  from  a  horizontal  surface  is 
appreciably  less  than  the  winter  conductance,  which  applies  when  heat  is 
flowing  upward. 

Since  there  is  little  difference  in  wall  transmission  coefficients  for  summer, 
based  on  conductances  of  4.0  and  1.65,  and.  the  winter  coefficients,  based 
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TABLE  14.    TOTAL  EQUIVALENT  TEMPBKATUEB  DIPFEBBNTIALS  FOR  CALCULATING 
HEAT  GAIN  THROUGH  SUNLIT  AND  SHADED  ROOFS 


DS8CBIPTION  OF  B.OOF  CONSTRUCTION* 

SUN  TIME 

A.M. 

P.M. 

8     (    10 

12 

2    |    4         6         8         10       12 

LIGHT  CONSTRUCTION  ROOFS— EXPOSED  TO  SUN 


r  Woodb  or 
1"  Wood*  -t-  r  or  2"  Insulation 

12 

38 

54 

62 

50 

26 

10 

4 

0 

MEDIUM  CONSTBUCTJON  ROOFS— EXPOSED  TO  SUN 


2"  Concrete  or 
2"  Concrete  +  1"  or  2"  Insulation  or 
2"  Woodb 

6 

30 

48 

58 

50 

32 

14 

6 

2 

2"  Gypsum  or 
2^  Gypsum  -f  1*  Insulation 
1A/  Woodb  or      1 
V  Woodb  or      1  4-  4"  Bock  Wool 
2"  Concrete  or  fin  Furred  Ceiling 
2"  Gypsum       J 

0 

20 

40 

52 

54 

42 

20 

10 

6 

4*  Concrete  or 
4"  Concrete  with  2"  Insulation 

0 

20 

38 

50 

52 

40 

22 

12 

6 

HEAVY  CONSTRUCTION  ROOFS— EXPOSED  TO  SUN 


6*  Concrete 

6"  Concrete  -1-  2*  Insulation 


24 
20 


32 
34 


18 
20 


12 
14 


ROOFS  COVUBED  -WITH  WATER— EXPOSED  TO   SUN 


Light  Construction  Eoof  with  1*  Water 
Heavy  Construction  Roof  with  V  Water 
Any  Roof  with  6"  Water 


-2 
-2 


4     16 


-2 
0 


-4 
0 


10 
14 


10 


ROOFS  WITH  ROOF  SPRATS — EXPOSED  TO  SUN 


Light  Construction 
Heavy  Construction 

0 
-2 

4 
-2 

12 
2 

18 
8 

16 
12 

14 
14 

10 
12 

2 
10 

0 
6 

ROOFS  IN  SHADE 


Light  Construction 
Medium  Construction 
Heavy  Construction 


-4       0 
-4   -2 

-2!  -2 


12 


ft  Includes  f  in.  felt  roofing  with  or  "without  slag.    May  also  be  used  for  shingle  roof, 
of  the  wood. 


b  Nominal  thickness 


NOTES  FOR  TABLE  14 


f  Total  heat  transmission  from  solar 

uv<r>7n»,  «*,•«», .  )  radiation  and  temperature  difference 
Explanation:  ( ,  ttf __       .. ,      *^  ^m    .      ~. 


between  outside  and  room  air. 
I  per  (hr)  (sq  ft)  of  roof  area 


Btu 


1  Equivalent  temperature 
1  differential  from  above 
[table 


Heat  transmission 
coefficient  for  sum- 
mer Btu  per  (hr) 
(sq  ft)  F  deg 


1.  Source.    Calculated  by  Maokey  and  Wright  method  (see  reference  list)  and  adjusted  after  studying 
ASHVE  original  test  data.    Estimated  for  July  in  40  deg  north  latitude.    (For  Sol-air  temperatures  used  in 
calculations  see  Table  13»)    For  typical  design  day  where  the  maximum  outdoor  temperature  is  95  F  and 
minimum  temperature  at  night  is  approximately  75  F  (daily  range  of  temperature,  20  F)  mean  24  hr  tem- 
perature 84  F  for  a  room  temperature  of  80  F.    AH  roofs  have  been  assumed  a  dark  color  which  absorbs  90 
per  cent  of  solar  radiation,  and  reflects  only  10  per  cent. 

2.  Application.    These  values  may  be  used  for  all  normal  air  conditioning  estimates;  usually  without 
correction,  in  latitude  0  deg  to  50  deg  north  or  south  when  the  load  is  calculated  for  the  hottest  weather.    Note 
5  explains  how  to  adjust  the  temperature  differential  for  other  room  and  outdoor  temperatures, 

3.  Peaked  Roofs.    If  the  roof  is  peaked  and  the  heat  gain  is  primarily  due  to  solar  radiation,  use  for  the 
area  of  the  roof,  the  area  projected  on  a  horizontal  piano. 

4.  Attics.    If  the  ceiling  is  insulated  and  if  a  fan  is  used  in  the  attic  for  positive  ventilation,  the  total  tem- 
perature differential  for  a  roof  exposed  to  the  sun  may  be  decreased  25  per  cent. 
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5.  Corrections.  For  temperature  difference  when  outdoor  maximum  design  temperature  minus  room  is  Aif' 
Jerent  from  15  deg.  If  the  outdoor  design  temperature  minus  room  temperature  is  different  from  the  base  of 
15  deg,  correct  as  follows:  When  the  difference  is  greater  (or  lesa)  than  15  deg  add  the  excess  to  Cor  subtract 
the  deficiency  from)  the  above  differentials. 

For  outdoor  daily  range  of  temperature  other  than  SO  deg.  If  the  daily  range  of  temperature  is  less  than  20 
deg,  add  1  deg  for  every  2  deg  lower  daily  range;  if  the  daily  range  is  greater  than  20  deg,  subtract  1  deg  for 
every  2  deg  higher  daily  range.  For  example,  the  daily  range  in  Miami,  Florida  is  12  deg  or  8  deg  less  than 
20  deg,  therefore,  the  correction  is  -f  4  deg  at  all  hours  of  the  day. 

Light  Colors.  Credit  should  not  be  taken  for  light  colored  roofs  except  where  the  permanence  of  the  light 
color  is  established  by  experience,  as  in  rural  areas  or  where  there  is  little  smoke.  When  the  exterior  surface 
of  roof  exposed  to  the  sun  is  a  light  color,  such  as  white  or  aluminum  (which  absorb  approximately  50  per  cent 
and  reflect  50  per  cent  of  the  solar  radiation)  add  to  the  temperature  differential  for  roof  in  shade  55  per  cent 
of  the  difference  between  the  roof  in  sun  and  roof  in  shade.  When  the  roof  exposed  to  the  sun  is  a  medium 
color  such  as  light  grey,  blue  or  green,  or  bright  red,  add  80  per  cent  of  this  difference. 

For  solar  transmission  in  latitudes  other  than  40  deg  north;  and  in  other  months.  The  table  values  of  tem- 
perature differentials  will  be  approximately  correct  for  a  roof  in  the  following  months : 


NOKTH  LATITUDE 

SOTJTH  LATITUDE 

Lati- 

Lati- 

tude 

Months 

tude 

Months 

(deg) 

(deg) 

0 

All  Months 

0 

All  Months 

10 

All  Months 

10 

All  Months 

20 
30 
40 
50 

All  Months  except  Nov.  Dec,  Jan 
Mar,  Apr,  May,  June,  July,  Aug,  Sept 
April,  May,  June,  July,  Aug 
May,  June,  July 

20 
30 
40 
50 

All  Months  except  May,  June.  July 
Sept,  Oct,  Nov,  Dec,  Jan,  F«b,  Mar 
Oct,  Nov,  Dec,  Jan,  Feb 
Nov,  Dec,  Jan 

For  other  months,  the  total  temperature  differential  (£*)  may  be  approximated  by  the  use  of  the  following 
formula: 


where  tB  »=  temperature  differential  for  the  same  wall  in  shade  for  desired  time  of  day;  obtained  from  Table 

14. 
Iy  •»  maximum  solar  transmission  through  glass,  Btu  per  (hr)  (sq  ft)  for  flat  skylight  in.  July,  40  def 

north  latitude  (Note:  this  is  maximum  value  irrespective  of  time). 
/a  «*  same  as  Iy  except  use  the  maximum  value  for  fiat  skylight,  for  month,  and  latitude  desired  for 

ix. 
f v  =  temperature  differential  for  particular  roof  exposed  to  sun  for  the  desired  time  of  day  from  Table 

(Note  that  this  makea  adjustment  only  for  solar  radiation  and  that  there  may  be  additional  correction  for  out- 
door temperature.} 

on  6.0  and  1.65,  it  is  recommended  that  the  overall  coefficient  C7,  for  walls, 
be  taken  directly  from  the  tables  in  Chapter  9  in  which  they  are  based  on 
an  outside  film  conductance  of  6.0,  corresponding  to  a  15  raph  wind  velocity. 

Advantages  of  Equivalent  Temperature  Differential  Method 

1.  The  total  sensible  heat  flow  is  obtained  by  multiplying  the  overall 
heat  transmission  coefficient,  £7,  and  the  equivalent  temperature  differen- 
tial indicated  in  Tables  14  and  15. 

2.  The  temperature  differentials  listed  for  a  few  representative  types  of 
construction  may  be  used  on  all  classes  of  walls  and  roofs,  even  though 
the  overall  heat  transmission  coefficient  is  different,  provided  the  structure 
has  thermal  and  physical  properties  similar  to  one  of  those  listed  in  Tables 
14  and  15. 

3.  Adjustments  can  be  made,  according  to  instructions  given  in  the  foot- 
notes for  room  and  outdoor  conditions  different  from  those  on  which  the 
tables  are  based. 

Examples  of  Use  of  Equivalent  Temperature  Tables 

Example  6.  Given:  A  roof  is  constructed  of  6  in.  of  stone  concrete  with  2  in.  of 
insulating  board  and  tar  felt  roofing  f  in.  thick,  and  is  exposed  to  the  sun.  The  loca- 
tion is  the  central  part  of  the  United  States.  Find  the  rate  of  heat  flow  into  building 
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TABL®  15.    TOTAL  EQUIVALENT  TEMPBEATTJBB  DIFFERENTIALS  FOE  CALCULATING 
HEAT  GAIN  THBOTOH  SUNLIT  AND  SHADED  WALLS 


NOBEB 

LATITUDE 
WALL 

FACING 

StrarTjtMB 

SOUTH 
LATITUDE 
WALL 

FACING 

A.M. 

P.M. 

a 

10      |      12 

2 

4 

6 

8 

10 

12 

Exterior  color  of  Wall—  D  «  dark,  L  **  light 

D 

L 

D 

L 

D 

L  |D|  L 

D 

L 

D 

L 

D 

L 

D|  L 

D|  L 

FBAMB 

NE 
E 
SB 
8 

22 
30 
13 

-4 

10 

14 

a 

-4 

24 
36 
26 
4 

12 

18 
16 
0 

14 
32 
28 
22 

10 
16 
18 
12 

12 
12 
24 
30 

10 
12 
16 
20 

14 
14 
16 
26 

14 
14 
14 
20 

14 

14 
14 
Id 

14 
14 
14 
14 

10 
10 
10 
10 

10 
10 
10 
10 

6 
6 
6 
6 

4 
6 
4 
6 

2 
2 
2 
2 

2 
2 
2 
2 

SE 
E 
NE 
N 

SW 

W 
NW 
N  (Shad®) 

~4 
-4 
-4 

—4 
-.4 
-4 
-4 

0 
0 
0 
-2 

-2 
0 
-2 
-2 

6 
6 
6 
4 

4 
0 
4 
4 

26 
20 
12 
10 

22 
12 

10 
10 

40 
40 
24 
14 

28 
28 
20 
14 

42 
48 
40 
12 

28 
34 
26 
12 

24 
22 

34 
8 

20 
22 
24 
8 

6 
8 
6 

4 

4 
8 
4 

4 

2 
2 
2 
0 

2 
2 
2 
0 

NW 
W 
SW 
S  (Shade) 

4  IN.  BEICK  OB  STQNIB  VHNBBB  4-  FBAMB 

NE 
E 
SE 

B 

-2 
2 

-4 

-4 
0 
•«»2 
-4 

24 
30 

20 
-2 

12 

14 
10 
-2 

20 
31 
28 
12 

10 
17 
16 
6 

10 
14 
26 
24 

6 
14 
16 
16 

12 
12 

18 

26 

10 
12 
14 

18 

14 
14 
14 
20 

14 

14 
14 
16 

12 
12 
12 
12 

12 
12 
12 
12 

10 
10 
10 
8 

10 
8 
8 
8 

6 
6 
6 
4 

4 
6 
6 
4 

SE 
E 
NE 
N 

BW 
W 

NW 
N  (Shade) 

0 

0 

-4 

-2 
-2 

-4 

0 
0 
-2 
-2 

-2 
0 
-2 
-2 

2 

4 
2 
0 

2 
2 
2 
0 

12 
10 
8 
6 

8 
8 
6 
6 

32 
26 
12 
10 

22 
18 
12 
10 

36 
40 
30 
12 

26 
28 
22 

12 

34 
42 
34 
12 

24 

28 
24 
12 

10 
16 
12 
8 

8 
14 
10 
8 

6 
6 
6 
4 

6 
6 
6 
4 

NW 
W 
SW 
S  (Shade) 

8  IN.  HOLLOW  TILE  OB  8  IN.  CINDER  BLOCK 

NE 
E 
8E 
8 

0 

2 
0 

0 
2 
0 
0 

0 
12 
2 
0 

0 

0 
0 

20 
24 
16 
2 

10 
12 
8 
0 

16 
20 
20 
12 

10 
14 
12 
6 

10 
20 
20 
24 

3 
12 
14 

14 

12 
12 
14 
26 

10 
10 
12 
16 

14 
14 
14 
20 

12 
12 
12 
14 

12 
14 
12 
12 

10 
10 
10 
10 

8 

10 
8 
8 

8 
8 
6 
6 

SE 
B 
NE 
N 

SW 
W 

NW 
N  (Shade) 

2 
4 
0 
-2 

0 
2 
0 
-2 

2 
4 
0 
-2 

0 

0 
-2 

2 
4 
2 
-2 

0 
2 
0 
-2 

6 
6 
4 
0 

4 
4 
2 
0 

12 
10 

8 
6 

10 
8 
6 
6 

26 
18 
12 
10 

18 
14 
10 
10 

30 
30 
22 
10 

20 
22 
18 
10 

26 
32 
30 
10 

18 
22 
22 
10 

8 
18 
10 
6 

6 
14 
8 
6 

NW 
W 
SW 
S  (Shade) 

8  IN.  BRICK  OB  12  IN.  HOLLOW  TIL»  OB  12  IN.  CINDER  BLOCS 

NE 
E 
SE 
S 

8 
8 
4 

2 
6 
4 
2 

2 
8 
6 

2 
6 
4 
2 

10 
14 
6 

2 
8 
4 
2 

16 
18 
14 
4 

8 
10 
10 
2 

14 
18 
18 
10 

8 

10 
12 
6 

10 
14 
16 
16 

6 
8 
12 
10 

10 
14 
12 

16 

8 
10 
10 
12 

10 
14 
12 
12 

10 
10 
10 
10 

10 
12 
12 
10 

8 
10 
10 
8 

SE 
B 
NE 
N 

SW 
W 
NW 
N  (Shade) 

8 
8 
2 
0 

4 
4 
2 
0 

6 
6 
2 
0 

4 
4 
2 
0 

0 
6 
2 
0 

4 
6 
2 
0 

8 
8 
4 
0 

4 
6 
2 
0 

to 

10 
6 
2 

6 
6 
4 
2 

12 
14 
8 
6 

8 
8 
6 
6 

20 
20 
10 
8 

12 
16 
8 
8 

24 
24 
16 
8 

16 
16 
14 
8 

20 
24 
18 
6 

14 
16 
14 
6 

NW 
W 
SW 
S  (Shade) 

12  IN.  BRICK 

NE 
E 
8E 
S 

8 
12 
10 
8 

6 

6 
6 

8 
12 
10 
8 

6 
8 
6 
6 

8 
12 
10 
6 

4 
8 
6 
4 

8 
10 
10 
6 

4 
6 
6 
4 

10 
12 
10 
6 

4 
8 
6 
4 

12 
14 
12 
8 

6 
10 
8 
4 

12 
14 
14 
10 

6 
10 
10 
6 

10 
14 
14 
12 

6 
8 
10 
8 

10 
14 
12 
12 

6 
8 
8 
8 

SE 
E 
NE 

N 

SW 
W 
NW 
N  (Shade) 

10 
12 
8 
4 

6 
8 
6 

10 
12 
8 
2 

6 
8 
6 
2 

10 
12 
8 
2 

6 
8 
4 
2 

10 
10 
8 

6 
6 

2 

10 
10 
8 
2 

6 
6 
4 
2 

10 
10 
8 
2 

8 
6 
4 
2 

10 
10 
8 
2 

8 
6 
6 
2 

12 
12 
10 

4 

8 
8 
6 
4 

14 
16 
10 
6 

10 
10 
6 
6 

NW 
W 
SW 
S  (Shade) 

8  IN.  CONCBETB  OB  SroNB  OB  6  IN.  OB  8  IN.  CQNCKETB  BLOCK 

NE 
E 
SE 
S 

4 
6 
6 
2 

2 
4 
2 
1 

4 
14 
8 
2 

0 
8 
4 
1 

16 
24 
16 

8 
12 
10 
1 

14 
24 
18 
12 

8 
12 
12 
6 

10 
18 
18 
16 

6 
10 
12 
12 

12 
14 
14 
18 

8 
10 
12 
12 

12 

14 
12 
14 

10 
10 
10 
12 

10 
12 
12 
10 

8 
10 
10 
8 

8 
10 
10 
8 

6 
8 
8 
6 

SE 
E 

NE 
N 

SW 
W 
NW 
N  (Shade) 

6 
8 
4 
0 

2 

2 
0 

4 
6 
4 
0 

2 
4 
0 
0 

6 
0 

0 

2 
4 
2 
0 

8 
8 
4 
2 

4 
6 
4 
2 

14 
12 
6 
4 

10 
8 
6 
4 

22 
20 
12 
6 

16 
14 
10 
6 

24 
28 
20 
8 

16 
18 
14 
8 

22 
26 
22 
6 

16 
18 
16 
6 

10 
14 
8 
4 

& 
10 
6 
4 

NW 
W 
SW 
S  (Shade) 
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TABLE  15 — Concluded.    TOTAL  EQUIVALENT  TEMPBEATUEE  DIFFERENTIALS  FOE 
CALCULATING  HEAT  GAIN  THROUGH  SUNLIT  AND  SHADED  WALLS 


NORTH 
LATITUDE 
WALL 
FACING 

STTN  TIME 

SOUTH 
LATITUDE 

WALL 
FACING 

A.M. 

P.M. 

8 

10 

12 

2 

4 

6 

8 

10 

12 

Exterior  color  of  Wall—  D  «  dark,  L  «  light 

D 

L 

D 

L 

D  |  L  |D 

L 

D|  L 

D 

L 

»|L 

D 

L 

D 

L 

12  IN.  CONCBTSTB  OK  STONE 

NB 
E 
SB 
S 

6 
10 
8 
6 

4 
6 
4 
4 

6 
8 
8 
4 

2 
6 
4 
2 

6 
10 
6 
4 

2 
6 

4 
2 

4 
6 
2 
0 

14 
18 
14 
4 

8 
10 
8 
2 

14 
18 
16 
10 

8 
12 
10 
6 

10 
16 
16 
14 

8 
10 
10 
10 

10 
12 
14 
16 

8 
10 
10 
12 

12 
14 
12 
14 

10 
10 
10 
10 

10 

14 
12 
10 

8 
10 
10 
8 

SE 
E 

NE 
N 

SW 

w 

NW 
N  (Shade) 

8 
10 
6 
0 

4 
6 
4 
0 

8 
8 
6 
0 

4 
6 
2 
0 

6 
8 
6 
0 

6 
10 
6 
0 

4 
6 
4 
0 

8 
10 
6 
2 

6 
6 
4 
2 

10 
12 

8 

8 
8 
6 
4 

18 
16 
10 
6 

14 
10 
8 
6 

20 
24 
18 
8 

14 

14 
12 
8 

18 
22 
20 
8 

12 
14 
14 
6 

NW 
W 
SW 
S  (Shade) 

NOTES  FOR  TABLE  15 


(Total  heat  transmission  from  solar 
TT  j  *•,«..  J  radiation  and  temperature  difference 
Explanation.  <  between  outside  and  room  air  Btu 

I  per  (hr)  (sq  ft  wall  area) 


Equivalent  temperature 
differential  from  above 
table 


Heat  transmission 
coefficient  for  wall 
Btu  per  (hr)  (sq 
ft)  (F  deg) 


NOTES: 

1.  SO  URGE.  Same  as  Table  14.  A  north  wall  has  been  assumed  to  be  a  wall  in  the  shade;  this  is  practi- 
cally true.  Dark  colors  on  exterior  surface  of  walls  have  been  assumed  to  absorb  90  per  cent  of  solar  radiation 
and  reflect  10  per  cent;  white  colors  absorb  50  per  cent  and  reflect  50  per  cent.  This  includes  some  allowance 
for  dust  and  dirt  since  clean,  fresh  white  paint  normally  absorbs  only  40  per  cent  of  solar  radiation. 

2  APPLICATION.  These  values  may  be  used  for  all  normal  air  conditioning  estimates,  usually  with- 
out corrections,  when  the  load  is  calculated  for  the  hottest  weather.  Correction  for  latitude  (Note  3)  is  neces- 
sary only  where  extreme  accuracy  is  required.  There  may  be  jobs  where  the  indoor  room  temperature  is 
considerably  above  or  below  80  F  or  where  the  outdoor  design  temperature  is  considerably  above  95  F,  in 
which  case  it  may  be  desirable  to  make  correction  to  the  temperature  differentials  shown.  The  solar  intensity 
on  all  walls  other  than  east  and  west  varies  considerably  with  time  of  year. 

3.  CORRECTIONS.  Outdoor  minus  room  temperature.  If  the  outdoor  maximum  design  temperature 
minus  room  temperature  is  different  from  the  base  of  15  deg,  correct  as  follows.  When  the  difference  is  greater 
(or  less)  than  15  deg  add  the  excess  to  (or  subtract  the  deficiency  from)  the  above  differentials. 

Outdoor  daily  range  temperature.  If  the  daily  range  of  temperature  is  less  than  20  deg  add  1  deg  to  every 
2  deg  lower  daily  range;  if  the  daily  range  is  greater  than  20  deg,  subtract  1  deg  for  every  2  deg  higher  daily 
range.  For  example,  the  daily  range  in  Miami,  Florida  is  12  deg,  or  8  deg  less  than  20  deg;  therefore,  the  cor- 
rection is  +  4  deg. 

Color  of  exterior  surface  of  wall.  Use  temperature  differentials  for  light  walls  only  where  the  permanence 
of  the  light  wall  is  established  by  experience.  For  cream  colors  use  the  values  for  light  walls.  For  medium 
colors  interpolate  half  way  between  the  dark  and  light  values.  Medium  colors  are  medium  blue,  medium 
green,  bright  red,  light  brown,  unpainted  wood,  natural  color  concrete,  etc.  Dark  blue,  red,  brown,  green, 
etc.,  are  considered  dark  colors. 

For  latitudes  other  than  40  deg  north;  and  in  other  months.  These  table  values  will  be  approximately  correct 
for  the  east  or  west  wall  in  any  latitude  (0  deg  to  50  deg  North  or  South)  during  the  hottest  weather.  In  the 
lower  latitudes  when  the  maximum  solar  altitude  is  approximately  80  deg  to  90  deg  (the  maximum  occurs  at 
noon)  the  temperature  differential  for  either  a  south  or  north  wall  will  be  approximately  the  same  as  a  north, 
or  shade  wall.  The  temperature  differential  (tx)  for  any  wall  facing,  and  for  any  latitude  for  any  month  may 
be  approximated  as  follows: 


where  ta  «•  temperature  differential  for  the  same  wall  in  shade  for  desired  time  of  day;  obtained  from  Table 

15. 
L  »  maximum  solar  radiation  intensity  transmitted  through  glass,  Btu  per  (hr)  (sq  ft)  for  particular 

wall  facing,  in  July,  40  deg  north  latitude  (note:  this  is  maximum  value  irrespective  of  time). 
Ii  •»  same  as  h  except  use  the  maximum  value  for  wall  facing,  for  month,  and  latitude  desired  for  **. 
Jw  «  temperature  differential  for  particular  wall  facing,  for  the  desired  time  of  day  from  above  table. 
(Note  that  this  makes  adjustment  only  for  solar  radiation  and  that  there  may  &e  additional  correction 
for  outdoor  temperature.) 
4.  FOR  INSULATED  WALLS  use  same  temperature  differentials  as  used  for  uninsulated  walla. 
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at  2:00  p.  m.  during  July  for  an  outdoor  design  temperature  95  F,  and  an  inside  tem- 
perature 80  F. 

Solution:  From  Table  14  in  2  p.  m.  column  for  6  in.  concrete  plus  2  in.  insulation, 
find  the  total  equivalent  temperature  differential  34  deg.  The  overall  heat  trans- 
mission coefficient  for  summer  is  taken  from  Table  16  and  is  found  to  be  0.13.  The 
heat  flow  rate  equals  34  X  0.13  =  4.42  Btu  per  (hr)  (sq  ft). 

Example  7:  For  the  conditions  of  Example  6,  find  the  rate  of  heat  flow  into  build- 
ing at  2:00  p.m.  during  July  for  design  temperatures  of  105  F  (outdoor)  and  78  F  (in- 
door). Daily  range  of  temperature  30  degrees,  i.e.,  outdoor  temperature  minimum 
of  75  F  which  occurs  at  4:00  or  5:00  a.m.;  this  being  30  deg  less  than  the  maximum. 

Solution:  Make  correction  in  equivalent  temperature  differential  in  accordance 
with  Note  5  in  Table  14  as  follows  : 

The  correction  for  27  deg  design  temperature  difference  is  (27  —  15)  =  4-  12. 

/      Qf)  —  9(1  \ 

The  correction  for  30  deg  daily  range  is  (  --  5  —  J  =»  —  5. 

Net  total  correction  is  -f  12  —  5  =  -f  7. 

The  heat  flow  rate  at  2:00  p.m.  therefore  is  (34  +  7)  X  0.13  «  5.32  Btu  per  (hr) 
(sq  ft). 

A  method  of  determining  heat  flaw  rates,  when  structure  is  not  given  in 
Tables  14  or  15  is  illustrated  in  Example  8. 

Example  8:  A  4  in.  stone  concrete  roof  covered  with  an  average  depth  of  4  in.  cin- 
der concrete  (k  =  4.9)  on  which  is  placed  a  f  in.  thick  felt  roof  with  $  in.  pitch  and  slag 
surface,  is  exposed  to  the  sun.  The  location  is  the  central  part  of  the  United  States. 
Design  temperatures  are:  outdoor  95  F;  daily  range  20  deg;  indoor  temperature  80 
F.  Find  the  heat  flow  rate  at  2  :  00  p  .m.  for  a  day  in  July. 

Solution:  For  the  purpose  of  selecting  the  equivalent  temperature  differential,  this 
construction  is  assumed  to  be  equal  approximately  to  an  uninsulated  6  in.  concrete 
roof,  for  which  the  equivalent  temperature  is  found  to  be  38  deg  in  the  2:00  p.m. 
column  of  Table  14.  Calculate  the  overall  heat  transmission  coefficient  U  of  the  roof 
as  follows: 


A  ,  4  ,  A  ,  °-375       o 

1.2     12  +  4,9       1.33       1.00  +  4.0 


°'33" 


The  heat  flow  rate  is  then  38  X  0.33  equals  12.5  Btu  per  (hr)  (sq  ft). 

GLASS  AREAS—  DESIGN  TABLES 

In  order  to  clearly  set  forth  the  principles  involved  in  calculating  heat 
transfer  through  glass  areas,  the  general  instantaneous  heat-balance  rela- 
tion will  be  presented.  Fig.  5  shows  this  schematically.  The  net  heat 
gain  for  the  indoor  space  is  the  result  of  several  contributing  phenomena. 

In  discussing  the  heat  gain  through  glass,  there  are  three  dimensionless 
quantities  which  require  definition: 

a  =  absorptivity  of  glass,  or  fraction  of  incident  radiation  intensity  which,  is  ab- 
sorbed within  the  glass  itself. 

T  =  transmissivity  of  glass,  or  fraction  of  incident  radiation  intensity  which  is 
transmitted  through  the  glass. 

r  -  reflectivity  of  glass,  or  fraction  of  incident  radiation  intensity  which  is 

reflected  at  the  surface. 
It  is  necessary  that 

a  +  r  +  r  «  1  (9) 

These  quantities  vary  with  wave  length  and  angle  of  incidence,  prima- 
rily ;  and  they  are  determined  by  the  properties  and  thickness  of  the  glass 
material  concerned.  Data  are  obtainable  from  glass  manufacturers  for 
various  products.  The  dependence  erf  these  quantities  upon  wave 
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TABLE  16.    SUMMER  COEFFICIENTS  OF  HEAT  TRANSMISSION  U  OF  FLAT  ROOFS 
COVEBED  WITH  BUILT-UP  ROOFING* 

Btu  -per  (hour)  (square  foot)  (F  deg  difference  'between  the  air  on  the  two  sides) 


TYPE  OF  Roor  DECK 
Ceiling  not  shown 

THICKNESS  OF 
ROOF  DECK 
(Inches) 

INSTTLATION  ON  TOP  OF  DECK 
(Cov&red  With  Built-Up  Roofing) 

No  Ceiling- 
Underside  of  Roof 
Exposed 

Furred  Ceiling  with 
Air  Space,  Metal  Lath 
and  Plaster 

No 
In- 
sula- 
tion 

Insulating  Boardd 
Thickness,  In. 

No 
In- 
sula- 
tion 

Insulating  Boardd 
Thickness,  In. 

i 

1 

11 

2 

* 

1 

1* 

2 

Fljat  Metal  Roof  Deck 

4Piy 
FeU 
Roof 

0.73 

0.35 

0.23 

0.17 

0.13 

0.40 

0.25 

0.18 

0.14 

0.12 

Ditto 
-f-  |  in.  Slag 

0.54 

0.30 

0.20 

0.16 

0.13 

0.34 

0.22 

0.16 

0,13 

0.11 

Precast  Cement  Tile 

4  Ply 
Felt                  If 
Roof 

0.67 

0.33 

0.22 

0.17 

0.13 

0.38 

0.24 

0.18 

0.14 

0.12 

Ditto 
+  *  in.  Slag     11 

0.50 

0.28 

0.20 

0.15 

0.12 

0.32 

0.21 

0.17 

0.13 

0.11 

Concrete 

4  Ply                2 
Felt                  4 
Roof                 6 

0.65 
0.59 
0.54 

0.33 
0.31 
0.30 

0.22 
0.21 
0.20 

0.16 
0,16 
0.16 

0.13 
0.13 
0.13 

0,37 
0.36 
0.33 

0.24 
0.23 
0.22 

0.18 
0.17 
0.17 

0.14 
0.13 
0.13 

0,12 
0.12 
0.11 

Ditto                2 
•f  $  in.  Slag     8 

0.49 
0.46 
0.42 

0.28 
0.27 
0.26 

0.20 
0.19 
0.19 

0.15 
0.15 
0.14 

0.12 
0.12 
0.12 

0.31 
0.30 
0.29 

0.21 
0.21 
0.20 

0.16 
0.16 
0.16 

0.13 
0.13 
0.13 

0.11 
0.11 
0.10 

Gypsum  and  Wood  Fiberb 
on  \"  Gypsum  Board 

4  Ply 
Felt                  2* 
Roof                 3* 

0.34 
0.28 

0.23 
0.20 

0.17 
0.15 

0.13 
0.12 

0.12 
0.11 

0.25 
0.21 

0.18 
0.16 

0.14 
0,13 

0.12 
0.11 

0.097 
0.094 

Ditto                2i 
-|-  \  in.  Slag     3* 

0.29 
0.25 

0.20 
0.18 

0.16 
0.14 

0.13 
0.12 

0.11 
0.10 

0.22 
0.19 

0.16 
0.15 

0.13 
0.13 

0.11 
0.10 

0,093 
0.090 

Wood0 

4  Ply                 1 
Felt                  \\ 
Roof                 2 
3 

0.43 
0,33 
0,29 
0.22 

0.28 
0.22 
0.20 
0.16 

0.19 
0.17 
0.16 
0,13 

0.15 
0.13 
0,13 
0.11 

0.12 
0.11 
0.11 
0.09 

0.29 
0,24 
0,22 
0.17 

0.20 
0.18 
0.16 
0.13 

0.15 
0.14 
0.13 
0.12 

0.13 
0.12 
0.11 
0.10 

0.11 
0.097 
0.094 
0.085 

I 
Ditto               1* 
-J-  J  in.  Slag     2 
3 

0.35 
0.29 
0.26 
0.20 

0.23 
0.20 
0.19 
0.16 

0.17 
0.15 
0.14 
0.12 

0.14 
0.12 
0.12 
0.10 

0.11 

o.io 

0.10 
0.09 

0.25 
0.21 
0.20 
0.16 

0.18 
0.17 
0.15 
0.13 

0.14 
0.13 
0.13 
0.11 

0.12 
0.11 
0.10 
0.09 

0.10 
0.093 
0.090 
0.081 

a  The  summer  coefficients  are  considered  temporary,  and  have  been  calculated  with  an  outdoor  wind 
velocity  of  8  mph.  For  summer  an  inside  surface  conductance  of  1,2  has  been  used  instead  of  the  regular 
1.65  value.  In  all  of  these  roofs  a  4  ply  felt  roof  has  been  assumed  f  in.  thick,  thermal  conductivity  —1.33. 
Pitch  and  slag  has  been  assumed  as  an  additional  thickness  of  }  in.  and  has  been  assigned  thermal  con- 
ductivity  **  1.0.  In  both  cases  thermal  conductivity  refers  to  one  inch  thickness. 

b  87$  per  cent  gypsum,  12$  per  cent  wood  fiber.  Thickness  indicated  includes  $  in.  gypsum  board. 
This  is  a  poured  roof. 

c  Nominal  thickness  of  wood  is  specified  but  actual  thickness  was  used  in  calculations. 

d  If  corkboard  insulation  is  used,  the  coefficient  U  may  be  decreased  10  per  cent. 


length  has  important  practical  consequences;  for  example,  common 
window  glass  transmits  a  large  portion  of  incident  solar  radiation,  whereas 
it  transmits  outward  only  a  very  small  portion  of  the  mdoor 
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OUTDOORS 

SUN                    _ 

—  y  
j 

/"  Y»  
SLASS 

INDOORS 

TRANSMITTED 
OUTDOOR    RADIATION 

SKY                          \    OUTDOOR      ^ 

SURROUNOINGg/     *™™°"     / 
REFLECTED  / 

ABSORBED 

(WAVE   LENGTHS   UNCHANGED 
INCIDENT    INDOOR    RADIATION 

OUTDOOR 
RADIATION 

TRANSMJTTED    INDOOR 

RADIATION 
(WAVE  LENGTHS  UNCHANGED) 

OUTDOOR    CONVECTION 

1 

ABSORBED 

\REFLECTED 
INDOOR 

RADIATION 
INDOOR     CONVECTION 

T» 

HERMA 
ACITA 
GLAJ 

L 

t0  >t        *- 

OF 

>S 

jrjtj* 

LO  ^,  ^30   '*  '  ' 
EMITTED  OUTDOOR    RADIATION 

*    1^1  >  U 

EMITTED  INDOOR    RADIATION 

foiFFERE'NT  DISTRIBUTION 

OF  ENERGY  VS.  WAVE  LENGTH 
THEN   TRANSMITTED) 

™-*4' 

*tA 

CDIFFERENT  DISTRIBUTION 
OF  ENERGY  VS.WAVE  LENGTH 
THEN  TRANSMITTED) 

—,.^f                                      f/                                          yj 

t0    *»    OUTDOOR   AIR    TEMPERATURE 

tgo  »    OUTDOOR   GLASS  -  SURFACE   TEMPERATURE 

tj,    «   INDOOR    AIR    TEMPERATURE 

tgC»    INDOOR   GLASS— SURFACE    TEMPERATURE 

FIG.  5.  INSTANTANEOUS  HEAT-BALANCE  CONDITIONS  ON  A  GLASS  SECTION 

falling  upon  the  inside  surface,  because  this  latter  is  principally  in  the  longer 
wave  lengths. 

A  recent  analysis  has  served  to  demonstrate  the  effects  of  the  various 
controlling  variables  upon  the  heat  gain  from  glass  in  relation  to  air- 
conditioning  problems.12  The  practical  results  for  a  single  sheet  of  com- 
mon window  glass  will  be  cited  here.  For  average  conditions,  the  design 
equation  for  the  instantaneous  rate  of  heat  transfer  from  the  indoor  glass 
surface  to  the  conditioned  space  (for  single  sheets  of  common  window 
glass  only)  in  Btu  per  (hour)  (square  foot  of  sunlit  surface)  was  found  to  be: 


-  ii)  +  0.022  Jd  +  0.0165  JB  +  rdld  +  0.778  78. 


(10) 


where  t0  —  outdoor  air  temperature,  Fahrenheit  degrees. 
t i  —  indoor  air  temperature,  Fahrenheit  degrees. 
Id  »  intensity  of  solar  or  direct  radiation  on  the  outer  glass  surface,  Btu  per 

(hour)  (square  foot  of  sunlit  surface) . 
J8  =  intensity  of  sky  radiation  on  the  outer  glass  surface. 
rd  =  transmissivity  of  the  glass  for  solar  radiation,  dimensionless,  given  as  a 
function  of  the  angle  of  incidence  in  Table  17. 

Similar  equations  with  other  numerical  constants  apply  to  other  types  of 

TABLE  17.    TBANSMISSIVITT  OF  SINGLE-SHEET  COMMON  WINDOW  GLASS  FOB 
DIRECT  SOLAB  RADIATION 


ANGLE  OF 
INCIDENCE* 

TRANSMISSIVITY 
-d 

ANGLE  OF 
INCIDENCE* 

TRANSMISSIVITY 
Td 

ANGLE  OF 
INCIDENCE* 

TRANSMISSIVITY 

Td 

DEC 

DEG 

DEG 

0 

0.87 

50 

0.83 

80 

0.41 

20 

0.86 

60 

0.77 

90 

0 

40 

0.85 

70 

0.65 

Pireot  Solar  B*diatioi\, 
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glass  or  glass  areas  in  other  arrangements  (heat-absorbing  glass  or  glass 
in  multiple  layers,  for  example). 

Equation  10  may  be  clarified  further  by  explanations  of  the  numerical 
constants  involved : 

1.04  =  overall  unit  conductance  for  heat  transfer  under  summer  conditions, 
Btu  per  (hour)  (square  foot)  (Fahrenheit  degree) .     (Note  that  this  is  the 
transmittance  U  taken  at  1.13  for  winter  conditions  in  Chapter  9.) 
0.022  =  fraction  of  Id  which  is  absorbed  and  then  transferred  to  the  indoor 
space  from  the  indoor  glass  ^surf  ace,  dimensioniess.    (Note  that,  of  the 
total  absorption,  part  goes  inside  and  part  goes  outside,) 
0.0165  —  fraction  of  IB  which  is  absorbed  and  then  transferred  to  the  indoor 

space  from  the  indoor  glass  surface,  dimensionless. 
0.778  —  transmissivity  of  the  glass  for  sky  radiation,  dimensionless. 

Magnitudes  of  the  quantities  Id,  I8  and  t0  entering  into  Equation  10 
would  depend  upon  the  time  of  the  day,  time  of  the  year,  atmospheric 
conditions,  latitude  of  the  receiving  surface,  and  the  orientation  of  the  re- 
ceiving surface.  Principles  and  data  needed  for  the  calculation  of  Id 
and  J8  have  been  given  previously  in  this  chapter.  Weather  data,  such 
as  the  sol-air  temperatures  in  Tables  10  and  11,  give  data  on  tQ  throughout 
a  design  day. 

Table  18  has  been  prepared  to  expedite  practical  calculations  of  the  heat 
gain  through  glass  areas;  tabulated  values  are  magnitudes  of  the  sum 
(0.022  Id  +  0.0165  Is  +  rjd  +  0.778  Ia)  from  Equation  10  for  a  solar 
decimation  of  18  deg.  This  declination  corresponds  to  a  nominal  August  1 
design  day,  although  the  values  tabulated  may  be  used  with  safety  to 
represent  average  conditions  from  July  15th  to  August  15th. 

It  is  possible  to  use  the  heat-gain  data  of  Table  18  for  other  single- 
thickness  glass  materials  than  common  window  glass,  through  the  intro- 
duction of  approximate  correcting  factors.  Table  19  gives  such  factors, 
The  range  of  transmissivities  in  Table  19  extends  from  high-transmission 
crystal-like  glass  to  low-transmission  heat-absorbing  glass.  The  trans- 
missivity of  0.87  is  that  of  common  window  glass. 

By  using  two  or  more  layers  of  glass  separated  by  airspaces,  the  absorp- 
tivity is  increased  and  the  transmissivity  decreased.  Values  for  some 
combinations  appear  in  the  literature.12  A  rough  approximation,  which 
holds  fairly  well  until  the  angle  of  incident  radiation  becomes  large,  is  that 
the  transmissivity  of  the  combination  is  the  product  of  the  transmissivities 
of  the  component  layers,  while  the  absorptivity  of  the  combination  is  the 
absorptivity  of  the  outer  glass,  plus  the  product  of  the  absorptivity  of  the 
inner  glass  and  the  transmissivity  of  the  outer. 

Heat-gain  quantities  from  Table  18  may  also  be  used  for  other  times  of 
the  year  than  August  1  if  a  correction  is  made  for  solar  declination.  Solar 
heating  calculation  for  glass  areas  can  also  be  based  upon  these  data. 
Table  20  gives  solar  declinations  for  various  times  of  the  year.  The  rule 
for  procedure  is  the  following: 

To  find  the  radiation  heat  gain  for  some  declination  of  the  sun  other  than  18  deg, 
use  the  latitude  in  Table  18  equal  to  that  of  the  locality  in  question,  plus  (18  deg — 
solar  declination  involved). 

For  example,  consider  that  the  instantaneous  heat  gain  is  required  for  Philadel- 
phia in  the  middle  of  June.  The  latitude  of  Philadelphia  is  40  deg  North.  The  solar 
declination  in  mid- June  is  about  23.5  deg.  The  section  of  Table  18  to  be  used  is  that 
for  a  latitude  of  40  +  (18  -  23.5)  -  34.5  deg;  say  35  deg. 

Caution :  This  method  gives  only  approximate  values  and  its  use  should  be  limited. 
It  may  be  used  for  Eastern  and  Western  exposures  for  all  hours,  8:00  a.m.  to  4:00  p.m., 
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TABLE  18.    INSTANTANEOUS  RATES  OP  HEAT  GAIN  DUB  TO  SOLAB  AND  SKY 
RADIATION  FOR  SINGLE  SHEETS  OF  UNSHADED  COMMON  WINDOW  GLASS*'  b 

Computed  for  Solar  Declination  of  18  Deg — August  1 

Note:  To  determine  the  total  instantaneous  rate  of  heat  gain  add  the  term  1.04  (to-t{) 
to  the  values  shown  in  the  table  (see  Equation  10) . 


SUN 
TIME 

SOLAR 

ALTITUDE 

DEC 

INSTANTANEOUS  RATE  OF  HEAT  GAIN,  BTU  PER  HOUR 
FOR  EACH  SQUASS  FOOT  OF  UNSHADED  GLASS 

N 

NE 

E 

SE 

S 

sw 

w 

NW 

Horizontal 

Deg  North  Latitude 


6  a.m. 

7.5 

19 

77 

84 

40 

8 

3 

3 

3 

12 

7 

20.5 

26 

146 

173 

98 

10 

10 

10 

10 

63 

8 

34.0 

18 

148 

193 

121 

13 

13 

13 

13 

143 

9 

47.5 

15 

118 

172 

120 

16 

15 

15 

15 

205 

10 

61.5 

16 

67 

124 

95 

22 

16 

16 

16 

252 

11 

74.5 

16 

25 

57 

57 

25 

16 

1  16 

16 

282 

12 

83.0 

16 

16 

16 

25 

23 

25 

16 

16 

293 

1  p.m. 

74.5 

16 

16 

16 

16 

25 

57 

57 

25 

282 

2 

61.5 

16 

16 

16 

16 

22 

95 

124 

67 

252 

3 

47,5 

15 

15 

15 

15 

16 

120 

172 

118 

205 

4 

34.0 

18 

13 

13 

13 

13 

121 

193 

148 

143 

5 

20.5 

26 

10 

10 

10 

10 

98 

173 

146 

68 

6 

7.5 

19 

3 

3 

3 

3 

40 

84 

77 

12 

SO  Deg  North  Latitude 


6a.m. 

9.0 

22 

88 

97 

47 

4  . 

4 

4 

4 

15 

7 

21.5 

23 

146 

176 

105 

11 

11 

11 

11 

74 

8 

34.5 

16 

140 

194 

130 

14 

14 

14 

14 

144 

9 

47.5 

15 

104 

171 

133 

20 

15 

15 

15 

205 

10 

60.0 

16 

53 

126 

112 

33 

16 

16 

16 

248 

11 

72.0 

16  . 

19 

56 

74 

42 

16 

16 

16 

277 

12 

78.0 

16 

16 

16 

34 

45 

34 

16 

16 

288 

1  p.m. 

72.0 

16 

16 

16 

16 

42 

74 

56 

19 

277 

2 

60.0 

16 

16 

16 

16 

33 

112 

126 

53 

248 

3 

47.5 

15 

15 

15 

15 

20 

133 

171 

104 

205 

4 

34.5 

16 

14 

14 

14 

14 

130 

194 

140 

144 

5 

21.5 

23 

11 

11 

11 

11 

105 

176 

146 

74 

6 

9.0 

22 

4 

4 

4 

4 

47 

97 

88 

15 

S5  Deg  North  Latitude 


6  a.m. 

10.0 

21 

97 

109 

53 

4 

4 

4 

4 

19 

7 

22.5 

19 

143 

179 

110 

11 

11 

11 

11 

79 

8 

34.5 

14 

.  133 

194 

140 

15 

14 

14 

14 

144 

9 

46.5 

15' 

90 

170 

144 

28 

15 

15 

15 

200 

10 

58.5 

16 

38 

126 

128 

47 

16 

16 

16 

243 

11 

68.5 

16 

16 

56 

91 

62 

17 

16 

16 

269 

12 

73.0 

16 

16 

16 

45 

68 

45 

16 

16 

279 

1  p.m. 

68.5 

16 

16 

16 

17 

62 

91 

56 

16. 

269 

2 

58.5 

16 

16 

16 

16 

47 

128 

126 

38 

243 

3 

46.5 

15 

15 

15 

15 

28 

144 

170 

90 

200 

4 

34.5 

14 

14 

14 

14 

15 

140 

194 

133 

144 

5 

22.5 

19 

11 

11 

11 

11 

110 

179 

143 

79 

6 

10.0 

21 

4 

4 

4 

4 

S3 

109 

97 

19 

40  Deg  North  Latitude 


5  a.m. 

1.5 

7 

18 

17 

6 

1 

1 

1 

1 

2 

6 

11.5 

23 

106 

120 

62 

5 

5 

5 

5 

24 

7 

23.0 

15 

141 

181 

118 

11  . 

11 

11 

11 

82 

8 

34.5 

14 

122 

194 

147 

19 

14 

14 

14 

145 

9 

45.5 

15 

76 

172 

156 

42 

15 

15 

15 

196 

10 

56.0 

16 

30 

125 

144 

66 

16 

16 

16 

235 

11 

64.5 

16 

16 

53 

110 

85 

22 

16 

16 

261 

12 

68.0 

16 

16 

16 

62 

94 

62 

16 

16 

269 

1  p.m. 

64.5 

16 

16 

16 

22 

85 

110 

-  52 

16 

261 

2 

56.0 

16 

16 

16 

16 

66 

144 

125 

30 

235 

3 

45.5 

15 

15 

15 

15 

42 

156 

172 

76 

196 

4 

34.5 

14 

14 

14 

14 

19 

147 

194 

122 

145 

5 

23.0 

15 

11 

11 

11 

11 

118 

181 

141 

82 

6 

11.5 

23 

5 

5 

5 

5 

62 

120 

106 

24 

7 

1.5 

7 

1 

1 

1 

1 

6 

17 

18 

2 
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TABLE  18.    INSTANTANEOUS  RATES  OP  HEAT  GAIN  DUE  TO  SOLAR  AND  SKY 
RADIATION  FOB  SINGLE  SHEETS  OF  UNSHADED  COMMON  WINDOW  GLASS*'  b 

(CONCLUDED) 


SUN 
TIME 

SOLAR 

ALTITUDE 

DEC 

INSTANTANEOUS  RATS  OF  HEAT  GAIN,  BTU  PER  HOUR 
FOR  EACH  SQUARE  FOOT  OF  UNSHADED  GLASS 

N 

NE 

E 

SE 

S 

sw 

w 

NW 

Horizontal 

45  Deg  North  Latitude 


5  a.m. 

2.0 

9 

23 

23 

8 

.1 

1 

1 

1 

2 

6 

12.5 

22 

111 

129 

68 

6 

6 

6 

6 

28 

7 

23.0 

13 

135 

182 

121 

11 

11 

11 

11 

82 

8 

33.5 

14 

116 

192 

153 

24 

14 

14 

14 

141 

9 

44.0 

15 

63 

168 

166 

55 

15 

15 

15 

189 

10 

53.0 

16 

22 

123 

154 

88 

16 

16 

16 

225 

11 

60.0 

16 

16 

56 

127 

113 

30 

16 

16 

249 

12 

63.0 

16 

16 

16 

76 

119 

76 

16 

16 

256 

1  p.m. 

60.0 

16 

16 

16 

30 

113 

127 

56 

16 

249 

2 

53.0 

16 

16 

16 

16 

88 

151 

123 

22 

225 

3 

44.0 

15 

15 

15 

15 

55 

166 

168 

63 

189 

4 

33.5 

14 

14 

14 

14 

24 

153 

192 

116 

141 

0 

23.0 

13  . 

11 

11 

11 

11 

121 

182 

135 

82 

6 

12.5 

22 

6 

6 

6 

6 

68 

129 

111 

28 

7 

2.0 

9 

1 

1 

1 

1 

8 

23 

23 

2 

60  Deg  North  Latitude 


5  a.m. 

4.5 

18 

48 

48 

17 

2 

2 

2 

2 

5 

6 

13.5 

22 

119 

139 

75 

6 

6 

6 

6 

32 

7 

23.5 

11 

131 

183 

127 

11 

11 

11 

11 

84 

8 

33.0 

13 

103 

190 

161 

30 

13 

13 

13 

138 

9 

42.0 

14 

51 

165 

173 

69 

14 

14 

14 

179 

10 

50.0 

16 

19 

122 

166 

109 

16 

16 

16 

214 

11 

56.0 

16 

16 

55 

138 

133 

41 

16 

16 

235 

12 

58.0 

16 

16 

16 

92 

140 

92 

16 

16 

242 

1  p.m. 

56.0 

16 

16 

16 

41 

133 

138 

55 

16 

235 

2 

50.0 

16 

16 

16 

16 

100 

166 

122 

19 

214 

3 

42.0 

14 

14 

14 

14 

69 

173 

165 

51 

179 

4 

33.0 

13 

13 

13 

13 

30 

161 

190 

103 

138 

5 

23.5 

11 

11 

11 

11 

11 

127 

183 

131 

84 

6 

13.5 

22 

6 

6 

6 

6 

75 

139 

119 

32 

7 

4.5 

18 

2 

2 

2 

2 

17 

48 

48 

5 

*  Table  compiled  from  solar  radiation  transmission  data  developed  by  A.S.H.V.E,  Research  Labora- 
tory2 and  direct  intensity  values  developed  by  Moon,1  recently  enlarged  and  revised  by  the  A.S.H.V.E.  Re- 
search Laboratory. 

b  For  relatively  clear  atmosphere  at  sea  level.  For  hazy  atmosphere,  values  may  be  reduced  10  per  cent. 
Above  sea  level,  add  one  per  cent  per  1000  ft  elevation. 

inclusive,  and  for  all  exposures  from  10:00  a.m.  to  2:00  p.m.  inclusive.  For  Southern 
exposures  at  8:00  a.m.  or  at  4:00  p.m.,  the  error  may  be  ±15  per  cent.  At  noon  this 
method  gives  accurate  results;  the  error  becomes  progressively  larger  as  the  time 
differs  from  noon. 

In  regard  to  glass  blocks,  data  on  the  overall  unit  conductances  for  heat 
transfer  by  convection  and  conduction  are  given  in  Table  18,  Chapter  9; 
These  will  serve  also  for  cooling  load  calculations  for  shaded  or  north- 


TABLE  19.    RATIO  OF  INSTANTANEOUS  RATE  OF  HEAT  GAIN  THROUGH  SINGLE 

THICKNESS  OF  HEAT  ABSOKBING  SUNLIT  GLASS  TO  HEAT  GAIN  FOB 

COMMON  GLASS  AS  GIVEN  IN  TABLE  18 


TRANS- 

APPROXIMATE 

TRANS- 

APPROXIMATE 

TRANS- 

APPROXIMATE 

M1SS1V1TY* 

RATIO  . 

MISSIVITY* 

RATIO 

MISSIVITY* 

RATIO 

0.90 

1.02 

0.70 

0.85 

0.40 

0.60 

0.87 

1.0 

0.60 

0.76 

0.30 

0.52 

0.80 

0.93 

0.50 

0.68 

0.20 

0.45 

ft  For  direct  solar  radiation  at  normal  incidence. 
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TABLE  20.    APPROXIMATE  SOLAR  DECLINATIONS  IN  DBGBEES 


DATE 

DECLINATION* 

,DATE 

DECLINATION 

DATE 

DECLINATION 

'April  1 
April  15 
May  1 
May  15 

4.5 

ro.o 

15.0 
19.0 



June  1 
June  15 
Julyl 
July  15 

22.0 
23.5 
23.0 
21.5 

Aug.  1 
Aug.  15 
Sept.  1 
Sept.  15 

18.0 
14.0 
8.5 
3.0 

exposure  walls.     (Steady-state  calculations,  as  suggested  there,  take  no 
account  of  the  time  lag  present  with  periodic  cycles  of  air  temperature.) 

The  results  of  experimental  observations13  on  heat  gains  through  glass- 
block  sections  are  given  in  Table  21.  Tabulated  heat-gain  rates  are  based 
upon  a  constant  indoor-air  temperature  of  78  F  and  a  maximum  outdoor- 
air  temperature  of  95  F  for  the  design  day  chosen.  The  values  given  are 
approximate,  and  intended  for  estimates  only;  they  are  averages  for  four 
representative  glass  block  designs,  two  with  smooth  exterior  faces  and  two 
with  ribbed  exterior  faces. 

Shading  of  Glass  Areas— Design  Tables 

The  effects  and  possibilities  of  shading  should  be  carefully  investigated 
whenever  the  heat  gain  from  glass  is  a  large  portion  of  the  cooling  load. 

Vertical  glass,  which  is  not  mounted  in  the  plane  of  the  building  surface, 
is  partially  shaded  by  the  setback.  If  a  vertical  window  of  height  Z  and 
width  w  be  set  back  from  the  plane  of  the  building  a  distance  s,  the  fraction 
of  the  total  area  of  the  window  which  receives  direct  solar  radiation  is : 


_  ricot-y 


(H) 


sin  y  sin  y 

where 

n  =  s/Z,  ra  =  $/w,  ft  =  solar  altitude,  and  r  is  the  difference  between  the  azimuth 
angles  of  the  wall  in  question  and  of  the  horizontal  projection  of  the  sun's  rays,  (y  is 
always  equal  to  or  less  than  90  deg.) 

Solar  altitudes  are  given  in  Table  18  for  various  latitudes  and  an  August 

TABLE  21.    TOTAL  INSTANTANEOUS  RATES  OP  HEAT  GAIN  FOR  GLASS  BLOCKS  13 

ON  DESIGN  DAT  OF  AUGUST  1 

(Values  tabulated  include  solar  and  sky  radiation,  convection,  and  conduction  averaged 

for  four  types  of  blocks) 


TOTAL  INSTANTANEOUS  RATE  OF  HEAT  GAIN,  BTU  PER 

HOUR  FOR  EACH  SQUARE  FOOT  OF  SUNLIT  GLASS  BLOCK 

MEAN- 

SUN  TIME 

Vertical  Surface  Facing 

East 

West 

South 

North  Latitude, 
Deg 

30  to  45 

30  to  45 

30 

35 

40 

45 

7  a.m. 

61 

-4.5 

-2.0 

-0.5 

1.0 

8 

78 



0.0 

2.0 

4.0 

5.0 

9 

74 

5.0 

5.0 

7.0 

10 

12 

10 

58 

6.5 

11 

15 

18 

21 

11 

45 

7.5 

17 

22 

26 

32 

12  noon 

37 

11 

22 

28 

34 

41 

1  p.m. 

30 

22 

25 

32 

39 

46 

2 

24 

35 

26 

32 

39 

47 

3 

20 

55 

24 

30 

37 

45 

4 

16 

77 

20 

26 

32 

41 

5 

13 

86 

15 

20 

25 

34 

6 

11 

55 

9.5 

14 

18 

26 

7 

8 

19 

3.5 

7.0 

11 

13 

Cooling  Load 
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TABLE  22.    VALUES  OF  THE  AZIMUTH-DIFFERENCE  ANGLE,  r,  DEGBEES,  FOR 

WINDOW-REVEAL  SHADING  CALCULATIONS  (SEE  EQUATION  11) 

Computed  for  solar  declination  of  18  deg— August  1 


N.  LATITUDE 

MEAN 

WINDOW  ORIENTATION 

DEGREES 

SUN  TIME 

NE 

E 

SE 

S 

SW 

W 

NW 

30 

6  a.  m. 

61 

74 

29 

Shade 

Shade 

Shade 

Shade 

7 

54 

81 

36 

8 

47 

S3 

43 

9 

39 

84 

51 

~6 

10 

28 

73 

62 

17 

11 

7 

52 

83 

38 

.... 

12  N 

Skade 

0 

45 

90 

45 

"6 

1  p.  m. 



Shade 

Shade 

38 

83 

52 

~7 

2 





.... 

17 

62 

73 

28 

3 

m 

6 

,   51 

84 

39 

4 



.... 

Shade 

43 

88 

47 

5 



36 

81 

54 

6 

.... 

29 

74 

61 

40 

6  a.  m. 

59 

76 

31 

Shade 

Shade 

Shade 

Shade 

7 

50 

85 

40 

8 

40 

85 

50 

"H 

'  * 

9 

27 

74 

61 

16 

10 

14 

59 

76 

31 

11 

Shade 

35 

80 

55 

12  N 

0 

45 

90 

46 

"6 

1  p.  m. 

Shade 

10 

55 

80 

35 

2 



.... 

Shade 

31 

76 

59 

14 

3 

16 

61 

74 

27 

4 

5 

50 

85 

40 

5 





Shade 

40 

85 

50 

6 

.... 

.... 

31 

76 

59 

50 

6  a.  m. 

57 

78 

33 

Shade 

Shade 

Shade 

Shade 

7 

45 

90 

45 

0 

8 

33 

78 

57 

12 

.... 

•  

.... 

9 

20 

65 

70 

25 

10 

3 

48 

87 

42 

11 

Shade 

26 

71 

65 

19 

.... 

12  N 

0 

45 

90 

45 

"6 

l*p.  m. 

Shade 

19 

65 

71 

26 

2 

Shade 

42 

87 

48 

~*3 

3 

25 

70 

65 

20 

4 

__ 

... 

.... 

12 

57 

78 

33 

5 

0 

45 

90 

45 

6 

... 

... 

.... 

Shade 

33 

78 

57 

1  design  day.  Values  of  the  angle  7  are  given  in  Table  22  for  the  August  1 
design  day.  Special  cases  not  covered  by  the  tabulated  data  may  be  solved 
analytically  ;14  however,  the  design  conditions  chosen  will  yield  a  satisfac- 
tory approximation  if  used  without  correction  for  estimates  at  any  time 
during  the  summer  period. 

Example  9.  Estimate  the  instantaneous  rate  of  sky  and  solar  radiation  heat  gain 
from  a  west  window  3  ft  wide  by  5  ft  high,  with  a  setback  of  6  in.,  for  August  1  and  a 
north  latitude  of  40  deg  at  3  p.  m.  (sun  time). 

From  Table  18,  the  instantaneous  rate  of  sky  and  solar  radiation  heat  gain  per 
square  foot  of  sunlit  glass  is  172  Btu  per  hour.  From  the  same  table,  the  solar  alti- 
tude is  45.5  deg.  From  Table  22,  the  angle  y  is  74  deg,  from  Equation  11  ,  the  fraction 
of  the  total  window  area  that  is  receiving  direct  solar  radiation  is  : 


Gl  _  j  _ 


_  0.167  cot  74 


0'0167 


cot  74 


sin  74 
1  -  0106  -  0.048  +  0.005 


sin  74 


0.851. 


Although  the  sky  radiation  is  not  reduced  in  proportion  to  the  shaded 
portion,  since  the  sky  radiation  is  small,  this  fact  may  be  neglected,  and 
hence,  instantaneous  sky-  and  solar-radiation  heat  gain  for  this  window  is: 


q  «*  3  X  5  X  0,851(172)  -  2200  Btu  per  hour. 
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A  window  such  as  the  one  used  in  Example  9  would  customarily  be  pro- 
vided with  an  additional  shading  means  for  use  particularly  when  directly 
sunlit.  Conventional  shading  devices  include  awnings,  shades,  and 
screens  of  various  types. 

Experimental  work  conducted  at  the  A.S.H.V.E.  Research  Labora- 
tory,14 and  other  research15  to  determine  the  effectiveness  of  various  types 
of  window  shades,  have  been  used  as  the  basis  for  the  recommended  ratios 
in  column  3  of  Table  23.  A  study  of  absorptivity  of  the  shade  to  solar 
radiation  and  heat  transfer  from  the  shade  to  the  outdoors  and  indoors, 
was  used  to  determine  these  ratios. 

There  are  a  number  of  variables  affecting  these  ratios  such  as  color,  fit, 
solar  altitude,  and  angle  of  incidence  of  the  solar  radiation.    These  values, 
therefore,  must  be  considered  as  approximate,  only,  and  will  have  to  be 
used  with  considerable  judgment.    An  inside  shade  is  effective  to  the  OX- 
TABLE  23.    EFFECT  OF  SHADING  UPON  INSTANTANEOUS  SOLAR  HEAT  GAIN 
THROUGH  SINGLE  THICKNESS  OP  COMMON  WINDOW  GLASS 


TYPE  OF  SHADING 

FINISH  ON  SIDB 
EXPOSED  TO  SUN 

FBACTHON  OF  GAIN 
THROUGH  UN- 
BHADED  WINDOW 

Canvas  Awning 
Inside  Roller  Shade,  Fully  Drawn* 
Inside  Roller  Shade,  Fully  Drawn8 
Inside  Roller  Shade,  Fully  Drawna 

Dark 
White 
Medium  color 
Dark  color 

0.25-0.35 
0.45 
0.63 
0.80 

Inside  Roller  Shade,  Half  Drawn* 
Inside  Roller  Shade,  Half  Drawna 
Inside  Roller  Shade,  Half  Drawn8 
Inside  Venetian  Blind,  Slats  set  at  45  degb 

White 
Medium  color 
Dark  color 
White 

0.72 
0.81 
0.90 
0.62 

Inside  Venetian  Blind,  Slats  set  at  45  deg? 
Inside  Venetian  Blind,  Slats  set  at  45  deg? 
Inside  Venetian  Blind,  Slats  set  at  45  deg\ 
Outside  Venetian  Blind,  Slats  set  at  45  degb 

Medium 
Aluminum 
Dark  color 
Cream 

0.74 
0.70 
0.86 
0.30 

Outside  Venetian  Blind,  Slats  set  at  45  deg,  extended  as  an  awning0 
Outside  Shading  Screen*  solar  altitude  0-20  deg 
Outside  Shading  Screen*  solar  altitude  20-40  deg 
Outside  Shading  Screen*1,  solar  altitude,  above  40  deg 

Any  color 
Dark  color 
Dark  color 
Dark  color 

0.40 
0.75-0.43 
0.43-0.22 
0.22 

a  Roller  shades  are  assumed  to  be  opaque.  Some  white  shades  may  transmit  considerable  solar  radia- 
tion. For  white  translucent  shades  fully  drawn  use  0.55  and  for  half  drawn  use  0.77. 

*  Venetian  Blinds  are  fully  drawn  and  cover  window.  It  is  assumed  that  the  occupant  will  adjust  slats 
to  prevent  direct  rays  from  passing  between  slats. 

0  Commercial   shade  with  wide   slats. 

d  Metal  slats  0-05  inches  wide  spaced  0.063  inches  apart  and  set  at  17  degree  angle  with  horizontal.  At 
solar  altitudes  below  38  deg  some  direct  solar  rays  are  allowed  to  pass  between  slats,  and  this  amount  be- 
comes progressively  greater  at  low  solar  altitudes. 

tent  of  its  reflectivity,  since  the  portion  of  the  solar  radiation  directly 
transmitted  by  the  glass  that  is  absorbed  by  the  shade  is  transferred  by 
convection  to  the  room  air,  and  by  radiation  to  the  solid  room  surfaces. 

Instantaneous  Heat  Gains  vs.  Instantaneous  Cooling  Loads 

The  difference  between  instantaneous  heat  gain  and  instantaneous  cool- 
ing load  has  been  mentioned  previously;  its  practical  importance  is  suffi- 
cient to  warrant  further  consideration. 

^  Fig.  6  offers  a  simplified  schematic  illustration  showing  how  the  radia- 
tive part  of  the  instantaneous  heat  gain  is  first  absorbed  by  solid  objects, 
and  is  not  encountered  by  the  conditioning  equipment  as  a  cooling  load 
until  some  later  time,  when  it  finally  appears  in  the  air-stream  entering  the 
equipment.  While  it  is  true  that  some  lag  also  is  inherent  in  convective 
heat  transfer  and  the  time  required  to  change  ths  air  in  the  conditioned 
space,  this  is  usually  of  the  order  of  a  few  minutes  to  perhaps  half  an  hour. 
Heat  storage  in  the  interior  furnishings  and  structure  increases  according 
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to  the  proportion  of  the  instantaneous  heat  gain  which  is  in  the  form  of 
radiation,  and  also  as  the  thermal  capacitance  of  the  objects  and  materials 
involved  is  increased. 

Constituents  of  the  total  instantaneous  heat  gain  which  have  appreciable 
radiation  components  include  those  due  to  glass  areas,  exposed  walls  and 
roofs,  lighting,  appliances,  and  people. 

No  comprehensive  data  are  presently  available  for  use  in  design  load 
estimates  to  evaluate  the  interior  load-lag  effect,  but  several  investiga- 
tors7- 15  have  made  a  study  of  the  problem  and  have  presented  much  useful 
data.  Tables  14,  15  and  18  are  all  based  on  instantaneous  rates  of  heat 
transfer.  Hence,  practical  judgment  and  experience  offer  the  only  basis 
of  procedure.  Until  the  needed  data  become  available,  it  is  recommended 
that  the  non-continuous  load  be  averaged  over  two  or  three  hours  during 
the  time  of  maximum  load,  when  determining  the  total  instantaneous 
cooling  load  where  a  large  portion  of  the  heat  gain  is  radiant.  This  sug- 
gestion applies  only  to  conditions  near  the  time  of  maximum  heat  gain, 
as  the  heat  stored  within  the  structure  would  necessarily  appear  in  the  cool- 
ing load  eventually;  but  if  it  appears  at  a  time  when  the  gain  from  outside 


FIG.  6.  OBIGIN  OF  THE  DIFFERENCE  BETWEEN  THE  MAGNITUDES  OF  THE 

INSTANTANEOUS  HEAT  GAIN  AND  INSTANTANEOUS  COOLING  LOAD 

The  radiation  absorbed  by  the  interior  furnishings  and  structure  reaches  the  conditioning  equipment 
after  &  considerable  delay  in  time. 

is  relatively  low,  the  equipment  will  be  able  to  maintain  satisfactory  condi" 
tions  within  the  range  of  maximum  capacity. 

LOAD  FROM  INTERIOR  PARTITIONS,  CEILINGS,  AND  FLOORS 

Whenever  a  conditioned  space  is  adjacent  to  another  space  in  which  a 
different  temperature  prevails,  the  transfer  of  heat  through  the  separating 
structural  section  must  be  considered.  Calculations  are  made  according, 
to  the  relation: 

q  =  UiAi(h  -  ti)  Btu  per  hour.  (12) 

where  Ui  —  coefficient  of  overall  heat  transfer  between  the  adjacent  and  the  condi- 
tioned space,  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree) . 
Ai  =*  area  of  separating  section  concerned,  square  feet. 
<b  =*  air  temperature  in  adjacent  space,  Fahrenheit  degrees. 
ti  «  air  temperature  in  conditioned  space,  Fahrenheit  degrees. 

Magnitudes  of  Ui  may  be  obtained  from  Chapter  9.  The  temperature 
£xmay  have  any  value  over  a  considerable  range,  according  to  conditions 
in  the  adjacent  space.  The  temperature  in  a  kitchen  or  boiler  room  may  be 
as  much  as  15  to  50  deg  above  the  outdoor  air  temperature.  It  is  recom- 
mended that  actual  temperatures  be  measured  in  adjoining  spaces  wherever 
practicable.  Where  nothing  is  known,  except  that  the  adjacent  space  is  of 
conventional  construction  and  contains  no  heat  sources,  it  is  recommended 
difference  (Jb  —  t$)  be  t$ken  3,3  the  difference  between  the  out- 
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door-air  and  conditioned-space  design  dry-bulb  temperatures  minus  5 
Fahrenheit  degrees.  In  some  cases  it  may  be  that  the  air  temperature  in 
the  adjacent  space  will  correspond  closely  to  the  outdoor  air  temperature 
at  all  times.  Under  these  latter  conditions,  the  heat  gain  through  the 
partition  will  be  periodic  in  nature,  and  the  value  of  a  shaded  wall  should  be 
used  from  Table  15. 

For  floors  directly  in  contact  with  the  ground,  or  over  an  underground 
basement  that  is  neither  ventilated  nor  warmed,  the  heat  transfer  may  be 
neglected  for  cooling-load  estimates. 

LOAD  FROM  OUTSIDE  AIR,  VENTILATION  AND  INFILTRATION 

Ventilation.  Data  for  determining  the  necessary  ventilation  rate  have 
been  presented  previously  in  this  chapter.  Ventilation  required  is  pri- 
marily dependent  upon  the  number  of  occupants  and  upon  the  materials 
and  apparatus  within  the  space  which  may  give  off  odors.  For  spaces 
having  ceiling  heights  10  ft  or  less,  the  total  requirement  should  be  checked 
against  the  volume,  and  in  no  case  should  the  ventilation  air  rate  be  less 
than  one  air  change  per  hour.  In  spaces  having  ceilings  higher  than  10 
ft  where  the  occupant  load  is  low,  a  check  calculation  can  be  made  against 
the  volume  of  the  space  below  an  assumed  10  ft  ceiling. 

Infiltration  must  never  be  counted  upon  to  provide  ventilation,  because 
on  still  days  there  will  be  little  or  no  infiltration. 

Infiltration.  The  principles  of  infiltration  calculations  have  been  dis- 
cussed in  Chapters  10  and  11,  with  emphasis  on  the  heating  season.  For 
the  cooling  season,  infiltration  calculations  are  usually  limited  to  doors  and 
windows. 

To  compute  cooling-load  infiltration  for  windows  by  the  crack  method,  use 
the  data  of  Table  2,  Chapter  10,  for  a  wind  velocity  of  10  mph.  Note  that 
for  double-hung  windows  the  length  of  crack  is  three  times  the  width  plus 
twice  the  height ;  while  for  metal-sash  windows  the  crack  length  is  the  total 
perimeter  of  the  movable  or  ventilating  sections.  In  calculating  window 
infiltration  for  an  entire  structure,  it  is  not  necessary  to  consider  the  total 
crack  length  on  all  sides  of  the  building,  for  the  wind  would  not  act  simul- 
taneously on  all  sides  at  once.  In  no  case,  however,  should  less  than  half 
of  the  total  crack  length  be  figured.  A  knowledge  of  the  prevailing  wind 
direction  will  aid  judgment  in  this  consideration. 

Cooling-load  infiltration  for  doors16  may  be  obtained  from  Table  3, 
Chapter  10.  For  conditions  other  than  those  covered,  the  notes  appended 
to  Table  3  will  provide  a  basis  for  estimates.  The  tabulated  data  may  also 
be  used  as  the  basis  of  estimates  for  interior  doors  between  an  air-condi- 
tioned and  a  non-air-conditioned  space. 

Infiltration  load  must  be  included  whenever  the  new  air  introduced 
through  the  system  is  not  sufficient  to  maintain  excess  pressure  within  the 
enclosure  to  prevent  the  infiltration.  Whenever  economically  feasible,  it  is 
desirable  to  introduce  sufficient  outdoor  air  through  the  air-conditioning 
equipment  to  maintain  a  constant  outward  escape  of  air,  and  thus  eliminate 
the  infiltration  portion  of  the  load.  The  pressure  maintained  must,  of 
course,  be  sufficient  to  overcome  wind  pressure  through  cracks  and  door 
openings.  When  this  condition  prevails  it  is  not  necessary  to  include  any 
infiltration  load.  When  the  quantity  of  new  air  introduced  through  the 
cooling  equipment  is  not  sufficient  to  build  up  the  required  pressure  to  offset 
infiltration,  the  entire  infiltration  load  should  be  included  in  the  cooling 
load  calculations, 
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Total  Outside  Air  Load.  To  determine  the  design  cooling  load  caused 
by  the  introduction  of  outside  air,  the  maximum  rate  of  outside-air  entry 
is  first  established.  In  some  applications  the  use  of  special  exhausters 
from  the  conditioned  space  may  add  to  the  outdoor-air  requirements  in 
determining  the  maximum  rate.  Once  this  design  quantity  is  established, 
and  with  the  design  indoor  and  outdoor  air  states  known,  the  cooling  load 
may  be  computed.  There  are  several  methods  in  use,  the  more  accurate 
of  these  require  rather  detailed  calculations.  Refer  to  Chapter  3,  under 
section  on  Cooling  Load,  and  Chapter  29  in  section  on  Apparatus-Dew 
Point.  The  following  equations  are  considered  to  be  sufficiently  accurate 
for  use  at  usual  design  conditions,  as  their  accuracy  is  within  1  per  cent, 


Sensible  Load    g8  =  Q  X  60  X  0.244  X  0.075  (  1  -  °'^J  (U  -  h) 

^  U.o2   jl 

-  Q  X  1.08  (U  -  *0,  Btu  per  hour  (13) 
Latent  Load       q*  =•  Q  X  60  X  0.075  X  1076  (W9  -  W$ 

-  Q  X  4840  (Wo  -  W  i),  Btu  per  hour  (14) 
Total  Load        #t  -  £•  +  q«  (15) 

where  Q  =»  rate  of  entry  of  outside  air,  cubic  feet  per  minute. 
£0  =  outdoor  dry-bulb  temperature,  Fahrenheit  degrees. 
ti  =  indoor  dry-bulb  temperature,  Fahrenheit  degrees. 
TF0  =  outdoor  humidity  ratio,  pounds  moisture  per  pound  of  dry  air. 
Wi  =  indoor  humidity  ratio,  pounds  moisture  per  pound  of  dry  air. 
0.075  =  standard  air  density,  pounds  per  cubic  foot. 
0.244  =*  a  constant  approximating  the  specific  heat  of  dry  air  corrected  for  mois- 

ture Btu  per  (pound)  (Fahrenheit  degree)  . 

1076  =  a  factor  approximating  the  average  Btu  released  in  condensing  one  pound 
of  water  vapor  from  air. 

Standard  air  weight  (0.075  Ib  per  cu  ft)  is  recommended  for  use  in  all 
calculations,  as  this  is  the  basis  for  rating  fans  and  its  consistent  use  keeps 
all  parts  of  the  calculations  in  conformity. 

HOW  OUTSIDE  AIR  LOAD  AFFECTS  ROOM  LOAD 

Actually  the  outdoor  air  used  for  ventilation  would  pass  through  the 
conditioning  equipment  and  be  cooled  and  dehumidified  to  a  lower  tem- 
perature and  humidity  ratio  than  room  conditions  before  entering  the 
room  ;  but  for  heat-balance  purposes  the  cooling  load  chargeable  to  the  out- 
door air  is  that  corresponding  to  the  difference  between  the  outdoor  and 
indoor  air  conditions. 

One  important  purpose  of  the  cooling  load  estimate  is  to  determine  the 
conditions  and  quantity  of  air  supplied  to  the  space.  All  the  various 
sensible  and  latent  heat  loads  within  the  space  must  be  included.  In- 
filtration must  be  included  in  the  space  load  since  this  air  enters  the  doors 
and  windows,  and  its  heat  and  moisture  load  must  be  offset  by  the  intro- 
duction of  cooler,  dryer  air  to  the  space.  However,  since  ventilation  air 
is  taken  through  the  conditioning  equipment  and  cooled,  this  portion  does 
not  become  a  part  of  the  space  load.  To  determine  the  total  load  on  the 
refrigeration  machine,  the  ventilation  air  load  must  be  included  in  the 
grand  total  load. 

Example  10.  For  outdoor  design  conditions  of  95  F  dry-bulb  and  75  F  wet-bulb, 
and  indoor  design  conditions  of  80  F  dry-bulb  and  67  F  wet-bulb,  and  for  the  supply 
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of  outdoor  air  at  the  rate  of  1000  cf  m  and  the  exhaust  of  room  air  at  the  corresponding 
rate,  calculate  the  total,  sensible  and  latent  heat  gains. 
Solution:  Substituting  in  Equation  13: 

qe  «  1000  X  1.08  (95  -  80)  =  16,200  Btu  per  hr. 
From  psychrometric  data  W0  =  0.01413,  Wt  =  0.01122. 
Substituting  in  Equations  14  and  15: 

&  =  1000  X  4840  (0.01413  -  0.01122)  =  14,100  Btu  per  hr. 
q±  *»  gs  +  q&  =  30,300  Btu. 

Many  cooling  coil  manufacturers  publish  tables  giving  psychrometric 
data  based  on  the  average  conditions  of  the  leaving  air  for  various  coil 
temperatures,  air  velocities,  and  entering  dry-bulb  and  wet-bulb  condi- 
tions. When  these  tables  are  used,  it  is  necessary  to  calculate  the  mixed 
air  condition  entering  the  coil,  and  determine  from  the  tables  what  coil  and 
air  velocity  will  produce  the  desired  leaving  air  conditions  as  required  for 

TABLB  24.    RATES  OF  HEAT  GAIN  FBOM  OCCUPANTS  OF  CONBITIONBD  SPACE sa 


DEGREE  OF  ACTIVITY 

TYPICAL 

APPLICATION 

TOTAL 
HEAT 
ADULTS, 
MALE 
BTU/HR 

TOTAL 

HEAT 
ADJUSTED** 
BTU/HR 

SENSIBLE 
HEAT 
BTU/HR 

LATENT 
HEAT 
BTU/HR 

Seated  at  Rest  
Seated,  Very  Light  Work.  
Moderately  Active  Office  Work 

Theater-  Matinee  
Theater-Evening  
Offices,  Hotels, 
Apartments  —  .  —  
Offices,  Hotels, 
Apartments......  

390 

390 

450 
475 

330 
350 

400 
450 

180 
195 

195 

200 

150 
155 

205 
250 

Standing,  Light  Work;  or 
Walking  Slowly   . 

Department  Store, 
Retail  Store 

Dime  Store.  

550 

450 

200 

250 

Walking;  Seated;.  
Standing;  Walking  Slowly  
Sedentary  Work. 

Drug  Store 
Bank  

Restaurant  ° 

550 
490 

500 
550 

200 
220 

300 
330 

Light  Bench  Work  
Moderate  Dancing.  

Factory  

Dance  Hall    ,  .         _ 

800 
900 

750 
850 

220 
245 

530 
605 

Walking  3  mph; 
Moderately  Heavy  Work.  
Bowlingti  „.  .„  

Heavy  Work. 

Factory.-  

Bowling  Alley  

Factory 

1000 
150C 

1000 
1450 

300 
465 

700 
985 

*  Note:  Tabulated  values  are  baaed  on  80  F  room  dry-bulb  temperature.  For  78  F  room  dry-bulb , 
the  total  heat  remains  the  same,  but  the  sensible  heat  values  should  be  increased  by  approximately  10  per 
cent,  and  the  latent  heat  values  decreased  accordingly. 

b  Adjusted  total  heat  gain  is  based  on  normal  percentage  of  men,  women,  and  children  for  the  application 
listed,  with  the  postulate  that  the  gain  from  an  adult  female  is  85  per  cent  of  that  for  an  adult  male,  and 
that  the  gain  from  a  child  is  75  per  cent  of  that  for  an  adult  male, 

a  Adjusted  total  heat  value  for  sedentary  work,  restaurant,  includes  60  Btu  per  hour  for  food  per  individual 
(30  Btu  sensible  and  30  Btu  latent). 

d  For  bowling  figure  one  person  per  alley  actually  bowling  and  all  others  as  sitting  (400  Btu  per  hour) 
or  standing  (550  Btu  per  hour). 

the  space  to  be  conditioned.  When  cooling  coils  are  listed  as  80  to  95  per 
cent  efficient,  the  manufacturer  indicates  that  20  to  5  per  cent  of  the  air 
passes  through  the  coil  without  being  cooled.  If  data  of  this  nature  are 
used,  the  uncooled  portion  of  the  air  must  be  added  to  the  space  load 
before  determining  the  effective  air  quantity. 

HEAT  SOURCES  WITHIN  THE  CONDITIONED  SPACE 

People.  The  rates  at  which  heat  and  moisture  are  given  off  by  human 
beings  under  different  states  of  activity  are  given  in  Table  24.  In  many 
applications  these  sensible  and  latent  heat  gains  become  a  large  fraction  of 
the  total  load.  Appreciable  variations  in  heat-emission  rates  must  be 
recognized  according  to  the  age  and  sex  of  the  individual,  state  of  activity, 
environmental  influences,  and  duration  of  occupancy  (since  for  short 
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occupancy  the  extra  heat  and  moisture  brought  in  by  people  may  be  a 
significant  factor). 

While  Chapter  6  should  be  referred  to  for  detailed  information,  Table 
24  in  this  chapter  summarizes  practical  data  representing  conditions 
commonly  encountered. 

Lighting,  In  general,  the  instantaneous  rate  of  heat  gain  from  electric 
lighting17  may  be  calculated  from  the  following  relation : 

/total  light      /  use    ._  /special  allow-  „  0  ..   _>.          ,  ,1QN 

<?ei-<      ..  X  < ,    ,      X{          ,    ,          X  3.41,  Btu  per  hour        (16) 

(wattage          [factor      [ance  factor  '         * 

The  total  light  wattage  is  obtained  from  the  ratings  of  all  fixtures  installed,  both 
for  general  illumination  and  for  display  use. 

The  life  factor  is  the  ratio  of  the  wattage  in  use,  for  the  conditions  under  which  the 
load  estimate  is  being  made,  to  the  total  installed  wattage.  For  commercial  appli- 
cations such  as  stores,  the  use  factor  would  be  unity. 

The  special  allowance  factor  is  introduced  to  care  for  fluorescent  fixtures,  and  for 
fixtures  which  are  either  ventilated  or  installed  so  that  only  part  of  their  heat  goes 
to  the  conditioned  space.  For  fluorescent  fixtures,  the  special  allowance  factor  is 
recommended  to  be  taken  as  1.20  in  order  to  allow  for  power  consumed  in  the  ballast 
For  ventilated  fixtures  j  recessed  fixtures,  and  the  like,  manufacturers'  or  other  data17 
must  be  sought  to  establish  the  fraction  of  the  total  wattage  which  may  be  expected 
to  enter  the  conditioned  space. 

Power.  When  equipment  of  any  sort  is  operated  within  the  conditioned 
space  by  electric  motors,  the  heat  equivalent  of  this  operation  must  be 
considered  in  the  cooling  load.  The  general  equation  for  calculating  this 
load  is : 

/Horsepower  Rating^       /  Load  \ 

frm  »  I    . -  .     „  . 1  X  I  -    .      IX  2544,  Btu  per  hour,          (17) 

\  Motor  Efficiency  /      \Factor  / 

It  is  assumed  that  both  the"  motor  and  the  driven  equipment  are  within 
the  conditioned  space.  If  the  motor  is  without  the  space,  then  do  not 
divide  by  the  motor  efficiency  in  Equation  17.  The  load  factor  is  merely 
the  fraction  of  the  rated  load  which  is  being  delivered  under  the  conditions 
of  the  cooling-load  estimate.  Motor  efficiencies  may  be  approximated  as 
follows ;  about  50  to  60  per  cent  at  |  hp  rating,  increasing  to  80  per  cent  at 
1  hp,  and  to  88  per  cent  at  10  hp  and  above. 

Appliances.  Care  must  be  taken  in  a  cooling-load  estimate  to  properly 
account  for  the  heat  gain  from  all  appliances,  electrical,  gas,  or  steam. 
Table  25  presents  recommended  data.18  Note  that  the  maintaining  rate 
in  Table  25  is  the  heat  input  required  to  maintain  the  appliance  at  the  nor- 
mal operating  temperature  even  though  it  is  not  being  used;  i.e.,  no  coffee 
is  being  made,  no  toast  is  being  made,  no  food  is  being  cooked  in  the  fry 
kettle,  etc.  The  maintaining  rate  is  useful  in  setting  up  a  lower  limit  to  the 
heat  gain  to  a  room  from  the  appliance  when  in  operation. 

Experienced  judgment  must  be  used  in  the  application  of  data  given  in 
Table  25.  Consideration  must  be  given  to  the  heat  contributed  by  appli- 
ances which  are  in  use  at  the  time  of  peak  load.  The  quantity  of  heat  will 
depend  upon  whether  products  of  combustion  are  vented  to  a  flue,  whether 
they  escape  into  the  space  to  be  conditioned,  or  whether  appliances  are 
hooded  allowing  part  of  the  heat  to  escape  through  a  stack.  There  are  no 
generally  accepted  data  available  on  the  effects  of  venting  and  shielding 
heating  appliances  but  it  is  believed  that,  when  they  are  properly  hooded 
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with  a  ^  positive  fan  exhaust  system  through  the  hood,  50  per  cent  of  the 
heat  will  be  carried  away  and  50  per  cent  dissipated  in  the  space  to  be  con- 
ditioned. The  ^same  effectiveness  of  the  hood  should  be  figured  for  both 
latent  and  sensible  heat. 

LOAD  FROM  MOISTURE  TRANSFERRING  THROUGH 
PERMEABLE  BUILDING  MATERIALS 

The  diffusion  of  moisture  through  all  common  building  materials  is  a 
natural  phenomenon  which  is  always  present  to  a  greater  or  lesser  degree. 

The  permeability  values  for  various  building  materials  are  given  in  Table 
19  of  Chapter  9,  together  with  an  explanation  of  moisture  transmission 
through  these  materials. 

In  the  usual  comfort  air-conditioning  application,  it  is  common  practice 
to  neglect  moisture  transfer  through  walls,  for  the  actual  rate  is  quite  small 
and  the  corresponding  latent-heat  load  is  hardly  significant.  So-called 
vapor  barriers  are  frequently  employed  in  modern  construction  for  the  pur- 
pose of  keeping  moisture  transfer  to  a  minimum,  particularly  because  of 
the  deteriorating  and  insulation-destroying  effects  of  moisture. 

Industrial  jobs,  on  the  other  hand,  frequently  call  for  a  low  moisture 
content  to  be  maintained  in  a  conditioned  space.  Here  the  matter  of  mois- 
ture transfer  cannot  be  neglected  ;  indeed,  it  is  quite  possible  to  have  the 
latent-heat  load  accompanying  this  transfer  be  of  greater  magnitude  than 
any  other  latent-heat  load.  The  equation  for  computing  this  load  is  : 


where  n  —  permeability  grains  per  (sq  ft)  (hr)  (in.  Hg). 
7000  «-  grains  per  pound. 

The  factor  1076  is  defined  in  list  of  symbols  at  Equation  15.  (Sensible 
cooling  of  the  water  vapor  is  included  in  the  factor  1076.) 

The  only  means  of  preventing  moisture  transfer  is  to  use  a  vapor  proof 
wall,  or  to  apply  a  special  lining,  which  is  vapor  proof.  All  openings  in 
moisture  proof  construction  must  be  equipped  with  special  gaskets  to  pre- 
vent entrance  of  moisture. 

When  moisture  transfer  contributes  an  appreciable  part  of  the  latent- 
heat  load,  it  is  recommended  that  estimates  should  be  made  intentionally 
liberal  in  order  to  avoid  later  difficulties  with  insufficient  dehumidifying 
capacity.  Storage  spaces,  for  example,  would  require  sufficient  dehumid- 
ifying capacity  to  handle  the  moisture  brought  in  with  goods  to  be  stored, 
in  addition  to  moisture  leaking  in  subsequently. 

MISCELLANEOUS  HEAT  LOADS 

This  designation  is  intended  to  cover  the  various  small  heat  gains  from 
exposed  piping,  ducts,  work  done  by  circulating  fan,  and  unforeseen  con- 
tingencies. Where  sufficient  data  are  available  these  various  heat  gains 
may  be  estimated  individually.  In  the  majority  of  cases,  however,  common 
practice  is  to  lump  these  factors  together  and  combine  them  with  a  safety 
factor  according  to  the  experience  and  judgment  of  the  estimator.  On  this 
basis,  a  small  safety  factor  is  added  to  the  calculated  cooling  load  to  com- 
pensate for  miscellaneous  effects.  No  .rules  can  be  given  for  this  procedure  , 
as  experience  in  air  conditioning  is  indispensable  for  application  of  suitable 
safety  factors. 
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REQUIRED  AIR  QUANTITY  THROUGH 
CONDITIONING  EQUIPMENT 

The  procedure  for  determining  the  required  air  quantity  is  based  upon 
the  thermodynamic  principles  of  Chapter  3  and  the  use  of  the  Goff  di- 
agram supplied  with  THE  GUIDE,  or  a  psychrometric  chart.  Readers  are 
advised  to  review  these  principles,  paying  particular  attention  to  the  illus- 
trative examples  of  cooling  load  calculations,  and  to  refer  to  the  section 
on  Apparatus  Dew-Point  in  Chapter  29. 

Calculation  of  the  cooling  load  for  a  conditioned  space  is  equivalent  to 
making,  for  the  space,  a  heat  balance  in  which  all  heat,  moisture,  and  infil- 
tration are  treated  as  directly  entering  the  space.  As  explained  in  the 
section,  Load  from  Outside  Air — Ventilation  and  Infiltration,  the  outside  air 
load  normally  does  not  become  a  part  of  the  space  load,  because  heat  and 
moisture  are  removed  in  the  air  conditioner  before  this  air  gets  into  the 
conditioned  space.  The  desired  conditions  are  maintained  by  considering 
a  certain  quantity  of  air  to  be  withdrawn  from  the  space,  passed  through 
the  conditioning  equipment,  and  returned  to  the  space  with  such  a  tem- 
perature and  humidity  ratio  that  its  net  effect  will  be  to  counterbalance  or 
remove  the  given  entering  amounts  of  heat  and  water  vapor.  This  quantity 
of  indoor  air,  which  is  considered  to  be  circulated  in  this  manner,  is  called  the 
required  air  quantity  and  its  determination  is  normally  part  of  every  cooling- 
load  estimate.  The  procedure  is  as  follows : 

1.  Determine  the  total  sensible  and  latent  heat  loads  in  Btu  per  hour  for  the  space. 

2.  Compute  the  quantity  called  the  heat-moisture  ratio  of  the  room  load,  gy. 
Use  the  following  equation: 

/Space  sensible  load  •+•  space  latent  load\ 

\  Space  latent  load  /  (19) 

X  1076  Btu/lb  of  moisture  difference. 

Note  that  the  ratio  (Space  latent  load)  -r  1076  is  the  equivalent  of  the  required  rate 
of  water- vapor  removal,  in  pounds  per  hour.  If  the  rate  of  water- vapor  removal 
is  known,  it  may  be  used  directly  in  Equation  19. 

3.  Locate  the  state  point  of  the  room  air  (design  wet-bulb  and  dry-bulb  tempera- 
tures) on  the  Goff  diagram.    From  this  state  point  draw  a  line  intersecting  the 
saturation  line,  using  the  slope  established  by  the  protractor  on  the  Goff  diagram 
for  the  particular  value  of  gw  prevailing.    This  line  is  the  condition  line  for  the  proc- 
ess. 

4.  Read  the  temperature  where  the  condition  line  from  step  3  intersects  the  satu- 
ration line.    This  is  called  the  apparatus  dew-point. 

5.  Compute  the  required  air  quantity  from  the  relation 

_  (Space  sensible  load) 

/->    (2Q) 


L\dry-bulb/       \  dew-point /J       \efficiency / 

The  magnitude  of  Qra  is  substantially  the  quantity,  cfm,  of  cooled  and  dehumidified 
air  for  which  the  distribution  system  must  be  designed. 

The  numerical  factor  1.08  is  derived  from  the  product  1  cfm  X  60  min.  X  0,244  X 

(0  00923\ 
1 Trgg"  J  =  1.08,  assuming  an  average  supply  air  dew-point  of  55  F.   Since 

standard  air  density  (0.075)  includes  the  weight  of  the  water  vapor,  it  is  desirable 
to  reduce  it  to  the  basis  of  dry  air  by  the  last  factor  where  0.00923  =  humidity  ratio  of 
air  at  55  F  dew-point,  and  0.62  =  ratio  of  density  of  water  vapor  to  dry  air  at  same 
temperature  and  pressure.  Refer  to  Chapter  35  for  coil  selection. 
m  Note  that  the  product  [(Space  dry-bulb)  —  (Apparatus  dew-point)]  X  (Coil  effi- 
ciency) is  equal  to  the  dry -bulb  range  through  which  the  conditioned  air  is  cooled. 
Hence,  in  rare  instances  when  the  condition  line  of  the  process  may  not  intersect  the 
saturation  line,  any  other  convenient  reference  temperature  on  the  condition  line 
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may  be  used  instead,  provided  that  the  coil  efficiency  is  specified  accordingly  on  the 
proper  basis. 

MINIMUM  ENTERING  AIR  TEMPERATURE 
Due  consideration  must  be  given  to  the  temperature  of  the  air  entering 
the  conditioned  space  in  order  to  prevent  objectionable  drafts.  With  ceil- 
ing type  diffusers  or  wall  grilles  with  a  high  aspect  ratio  (see  Chapter  30), 
many  engineers  consider  20  deg  as  the  maximum  difference  for  good  design 
under  average  conditions.  This  difference  can  only  be  exceeded  with  ex- 
tremely high  ceiling  outlets  or  wall  grilles.  Thus,  if  80  F  dry-bulb  is  to  be 
maintained  in  a  space  with  average  ceiling  height,  the  minimum  delivered 
air  temperature  would  be  limited  to  about  60  F  dry-bulb  temperature.  If 
the  latent  heat  load  is  relatively  high,  it  is  often  necessary  to  circulate  more 
air  with  a  higher  delivered  dry-bulb  temperature  in  order  to  produce  a 
thermodynamic  balance.  If  the  temperature  difference  is  known,  the  re- 
quired air  quantity  can  be  calculated  from  the  formula, 


1.08  (fe  - 


or  the  temperature  difference  t&  can  be  determined  as  follows, 


id 


1.08  X   Qn 


(21) 


(22) 


EXAMPLE— COOLING  LOAD  CALCULATION 

An  effective  means  of  summarizing  the  calculation  procedure  will  be  the 
use  of  an  illustrative  example.  While  condensed  calculation  forms  are 
commonly  employed  for  work  of  this  nature,  an  outline  will  be  used  here 
in  order  to  facilitate  explanatory  comments. 

Example  11:  A  one-story  office  building  Fig.  7  is  located  in  an  eastern  state  near  40 
deg  latitude.  The  adjoining  buildings  on  the  north  and  west  are  not  conditioned, 
and  the  air  temperature  within  them  is  known  to  be  substantially  equal  to  the  outdoor 
air  temperature  at  any  time  of  the  day. 
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South  wall  construction:  8  in.  concrete  block,  4  in.  brick  veneer,  }  in.  plaster 
on  walls.  (Table  8,  Chapter  9,  No.  92B,  U  =  0.41.) 

East  wall  and  outside  north  wall  construction^  in.  concrete  block,  painted  white, 
J  in.  plaster  on  walls.  (Table  7,  Chapter  9,  No.  82B,  U  =  0.52.) 

West  wall  and  adjoining  north  party  wall  construction:  13  in.  solid  brick,  no 
plaster: 


Roof  construction:  2J  in.  flat  roof  deck  of  2  in.  gypsum  fiber  concrete  on  gypsum 
board  surfaced  with  built-up  roofing.  (Table  16,  U  =  0.34  for  summer.) 

Floor  construction:  4  in.  concrete  on  ground. 

Window:  3  f  t  x  5  ft,  non-opening  type,  with  medium  colored  Venetian  blinds  for 
windows  on  south  wall.  Approximately  4  in.  reveal  on  all  windows. 

Front  doors:  Two  2  ft-6  in.  x  7  f  t  (glass  panels). 

Side  doors:  Two  2  ft-6  in.  x  7  f  t  (i  glass  panels). 

Rear  doors:  Two  2  ft-6  in.  x  7  ft  (glass  panels). 

Outside  design  conditions:  Maximum  dry-bulb  95  F,  wet-bulb  78  F;  W0  =  0.0169 
Ibs  vapor  per  Ib  dry  air;  h0  =  41  .38  Btu  per  Ib  dry  air. 

Indoor  design  conditions:  Dry-bulb  80  F,  wet-bulb  65  F;  Wi  =  0.0098  Ib  vapor  per 
Ib  dry  air;  hi  =  29.95  Btu  per  Ib  dry  air. 

Occupancy:  85  office  workers. 

Lights:  12,000  watts,  fluorescent;  4000  watts  tungsten. 

Fan  motor:  7f  hp. 

Conditioning  equipment  to  be  located  in  adjoining  structure  to  north, 

Find:  total,  sensible,  and  latent  maximum  cooling  loads  and  required  air  quantity 
through  conditioning  equipment. 

Solution:  From  Table  4,  the  recommended  ventilation  rate  is  15  cfm  per  person. 
Total  necessary  =  85  X  15  =  1275  cfm  or  76,500  cu  ft  per  hr. 

As  the  room  volume  is  40,000  cu  ft,  the  air  changes  per  hour  will  be  76,500/40,000  = 
191  which  is  more  than  one  air  change. 

Estimated  Time  of  Maximum  Cooling  Load: 

For  this  job,  judgment  indicates  that  the  roof  will  make  the  greatest  single  con- 
tribution to  the  cooling  load.  Hence,  the  time  of  maximum  cooling  load  probably 
will  be  the  time  of  maximum  heat  gain  through  the  roof.  From  Table  14  the  maxi- 
mum temperature  differential  for  a  2  in.  gypsum  roof  of  medium  weight  construction 
is  54  deg  at  4:00  p.m.  and  53  deg  at  3:00  p.m.  Examination  of  Table  18  (40  deg  N 
Latitude)  shows  that  solar  heat  gain  through  glass  on  the  south  wall  is  19  Btu  per 
(hr)  (sq  ft)  at  4:00  p.m.  and  42  Btu  at  3:00  p.m.  This  indicates  that  the  maximum 
cooling  load  occurs  at  approximately  3:00  p.m.  Therefore  make  load  calculations 
at  3:00  p.m.  sun  time.  (This  may  be  slightly  different  from  3:00  p.m.  local  time.) 
In  some  cases,  there  would  be  no  clear-cut  evidence  of  this  nature,  and  consequently 
it  would  be  necessary  to  estimate  the  load  for  several  successive  times,  and  then  to 
select  the  maximum. 

Heat  Gain  Through  Outer  Wall  and  Roof  Areas: 

From  Table  15  the  temperature  differential  for  the  south  wall  (8  in.  concrete  block 
with  4  in.  brick  veneer)  may  be  about  the  same  as  a  12  in.  brick  which  is  6  deg  at  3:00 
p.m.  for  a  dark  colored  wall.  From  the  same  table,  the  temperature  differential  for 
the  east  wall  (8  in.  concrete  block  with  plaster)  will  be  11  deg  at  3:00  p.m.  for  a 
light  colored  wall  (interpolating  between  2:00  and  4:00  p.m.).  Likewise,  the  tem- 
perature differential  for  the  north  exposed  wall  (8  in.  concrete  block  plus  plaster) 
will  be  3  deg  at  3:00  p.  m.  (by  interpolation)  for  a  light  wall, 

The  party  wall  of  13  in.  brick  on  the  West  side  and  part  of  the  North  side  may  be 
treated  as  if  it  were  an  outside  wall  in  the  shade  which  has  a  temperature  differential 
(from  Table  15)  of  2  deg. 

For  the  door  in  North  Wall  estimate  U  -  0.59  from  Chapter  9,  Table  9,  No.  5A. 
The  outdoor  temperature  at  3:00  p.  m.  is  95  F.  Neglect  time  lag  and  any  decrement 
factor.  The  temperature  differential  is  (tf  —  tj  ~  95  —  80  =  15  deg.  The  tabula- 
tion of  the  preceding  values  at  3  p.  m.  is  given  in  the  following  table: 
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SECTION 

NET  ABBA 
SqFt 

TBMPEBATUBE 
DIFFERENTIAL 
F  Deg 

HEAT 
TRANSMISSION 
COEFFICIENT 
<tf) 

HEAT  FLOW 
RATE  PBB 
HOXJB 
Btu 

Roof 
South  Wall 
East  Wall 
North  Exposed  Wall 
West  &  North  Party  Wall 
Door  in  North  Wall 

4000 
405* 
765* 
170* 
1065* 
35 

53 
6 
11 
3 
2 
15 

0.34 
0.41 
0.52 
0.52 
0.26 
0.59 

72,000 
995 
4,380 
265 
550 
310 

Total  

_ 

78.500 

a  Calculated  from  groii  wall  area,  less  windows  and  doors. 
Heat  Gain  Through  Glass  Areas: 

In  computing  the  load  for  3:00  p.m.>  only  the  south  windows  and  doors  will  be 
exposed  to  direct  sunlight.  Table  18  and  Equation  10  will  give  the  total  heat  gain 
from  the  glass  areas.  The  window  reveals  will  shade  the  south  windows;  the  frac- 
tion of  window  area  receiving  direct  radiation  is  obtained  from  Equation  11  by  sub- 
stituting values  as  follows: 


n  =  s/l  =  4/60;  r»  =  4/36;  0  =  45.5  deg,  tan  0  =  1.02. 
•y  =  16  deg,  cot  t  =  3.487,  cos  y  =  0.276. 

ff  _  !_1  f  J^i-V  4 


36 


(3.487)  +     ^       ^ 


(1.02)  (3.487) 
0.276 


•  0.462. 


The  south  doors  will  be  considered  entirely  sunlit.  The  outdoor  air  temperature 
is  95  F  at  3:00  p.m.  From  Table  23  the  inside  Venetian  blind  factor  is  taken  as 
0.74.  Referring  to  Table  18,  the  instantaneous  heat  gain  due  to  solar  and  sky  radia- 
tion for  40  deg  N.  latitude  for  south  exposure  at  3:00  p. mi  is  read  as  42  Btu  per  sq  ft. 
These  figures  are  tabulated  below.  The  radiation  gain  for  south  windows  is  60  X 
0.462  X  0.74  X  42  =  860  Btu  per  hr.  The  normal  heat  transmission  60  X  1.04  (95- 
80)  =  940.  The  sum  of  these  heat  gains  1800  Btu  per  hr  is  totaled  in  last  column. 
The  remaining  doors  and  windows  are  calculated  in  a  similar  manner. 


LOCATION 

AREA 
SqFt 

FRACTION 
SUNLIT 

INSIDE 

VBNUTIAN 
BLIND 
SHADING 
FACTOB 

SOLAR 
HBAV 
GAIN 
Btu/sq  ft 

RADIA- 
TION 
HEAT 

GAIN* 

Btu/hr 

NOEMAL 

HEAT 
TBANS. 
Btu/hr 

TOTAL 
HBAT 
GAIN 

Btu/hr 

South  Windows 

60 

0.462 

0.74 

42 

860 

940 

1800 

South  Doors 

35 

1.00 

— 

42 

1470 

550 

2020 

Eastb  (Glass)  doors  j 

18 
35 

— 

— 

15 

270 

550 

]    820 

"  North  Windows 

30 

— 

— 

15 

450 

470 

920 

Total  

5560 

*  See  Equation  10  and  the  note  under  caption  of  Table  18. 

b  Doora  are  $  glass.  Calculate  sky  radiation  for  glass  portion  and  normal  transmission  for  entire  doo 
assuming  U  «•  1.04  for  wood  portion  as  well  as  glass. 

In  some  jobs  it  would  be  desirable  to  increase  (or  decrease)  the  instantaneous  radi- 
ation heat  gain  by  a  load -lag  factor.  The  reason  for  not  doing  so  in  this  case  is  that 
the  solar  gain  is  of  a  low  magnitude,  and  reference  to  the  table  indicates  that  0.8  of 
the  previous  hour  would  not  affect  the  results  materially. 

Heat  Gain  from  Ventilation  and  Infiltration: 

Since  the  necessary  ventilation  rate  1275  cfm  is  greater  than  one  air  change  per 
hour,  it  will  be  satisfactory  for  determining  the  ventilation  component  of  the  heat 
gain. 

Window  infiltration  can  be  taken  as  negligible  since  the  windows  do  not  open. 

Door  infiltration  requires  some  judgment.  Assume  that  for  each  person  passing 
through  the  double  doors,  the  infiltration  will  be  100  cu  ft  of  outdoor  air,  see  Chapter 
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10,  Table  3.  Assume  that  the  outside  doors  will  be  used  at  the  rate  of  10  persons  per 
hour  and  the  inside  doors  at  the  rate  of  30  persons  per  hour.  Total  infiltration  will 
then  be  40  X  100  -  4000  cfh  or  67  cfm. 

The  design  rate  of  entry  of  outside  air  is  then: 

Q  »  1275  4-  67  ~  1342  cfm. 

The  sensible,  latent  and  total  loads  are  determined  from  Equations  13,  14  and  15, 
respectively,  at  3:00  p.m.  (Table  13)  t0  =  95,  ti  =  80,  W0  =  0.0169,  Wi  »  0.0098.  All 
the  air  entering  the  room  as  infiltration  becomes  a  part  of  the  space  load. 

Infiltration: 

ga  «  67  X  1.08  (95-80)  -  1085  Btuh,  sensible. 

qB  =  67  X  4840  (0.0169-0.0098)  =  2300  Btuh,  latent. 

qt  =  5«  +  £•  -  1085  +  2300  =  3385  Btuh,  total. 

Ventilation  Air  Taken  through  Cooling  Unit  Which  Does  Not  Become  a  Part  of  the 
Space  Load: 

qn  »  1275  X  1.08  (95-80)  «  20,700  Btuh,  sensible, 

qB  =  1275  X  4840  (0.0169-0,0098)  «  43,800  Btuh,  latent, 

qt  **  q*  +  3e  **  20,700  +  43,800  -  64,500  Btuh,  total. 

Heat  Gain  from  Sources  within  the  Conditioned  Space: 

For  the  occupants,  use  the  data  of  Table  24  for  moderately  active  office  work. 
Sensible  heat  gain  »  85  X  200  «  17,000  Btu  per  hr. 
Latent  heat  gain  »  85  X  250  «  21,250  Btu  per  hr. 
Total  *  38,250  Btu  per  hr. 

For  the  gain  from  lighting,  use  Equation  16  with  a  use  factor  of  unity,  and  a  special 
allowance  factor  of  1.20  for  the  fluorescents  and  of  unity  for  the  tungsten  globes. 

9ei  «  (12,000  X  1.20  +  4000)  X  3.41  «  62,700  Btu  per  hr. 

For  the  fan  motor,  use  Equation  17  with  a  load  factor  of  unity,  and  omit  term 
Motor  Efficiency  because  the  motor  is  not  within  the  space. 

q*n  -  7.5  X  2544  -  19,100  Btu  per  hr. 

Moisture  Permeation  ,  Miscellaneous  Allowance,  and  the  Load-Lag  Estimate: 

Moisture  permeation  will  be  negligible,  since  this  is  a  comfort  job  with  a  good 
building  construction. 

There  would  be  some  heat  gain  in  the  ductwork,  but  this  would  not  be  great  be- 
cause of  the  short  run  involved.  Practical  judgment  for  this  job  would  suggest  that 
no  adjustment  for  load-lag  need  be  made  to  the  load  as  computed.  (Refer  to  Fig.  6)  . 
While  it  is  true  that  inside  radiation  forms  an  important  part  of  the  total  heat  gain, 
it  is  advisable  to  be  conservative  in  recognizing  the  effect  of  the  large,  flat,  hot  roof 
on  the  comfort  sensations  of  the  occupants.  Radiation  from  the  relatively  low  ceiling, 
augmented  by  heat  absorption  from  the  lighting  fixtures,  would  produce  a  sensation 
of  warmth  in  excess  of  the  nominal  effective  temperature  (see  Chapter  6)  estab- 
lished by  the  wet-bulb  and  dry-bulb  temperatures.  Hence,  it  is  not  desirable  to  take 
advantage  of  every  small  decrease  possible  in  the  peak  design  load,  especially  since 
the  peak  occurs  in  mid-afternoon  when  everything  would  be  rather  well  warmed. 

Total  Loads  and  Required  Air  Quantity  through  Conditioning  Equipment: 
The  total  loads  are  summarized  in  Table  26. 

Compute^the  specific  enthalpy  of  the  water  difference  room  air  and  supply  air, 
from  Equation  19. 
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TABLE  26.    SUMMARY  OF  TOTAL  LOABS — EXAMPLE  11 


LOAD  COMPONENT 


SENSIBLE 
Btu/hr 


LATENT 
BtuAr 


All  Walls,  roof  and  doors. 

Glass  areas 

Infiltration  67  cfm 

Occupants 

Lighting 

Motor,  Fan 


Space  Load. 


78,500 

5,560 

1,085 

17,000 

62,700 

19,100 

183,945 


2,300 
21,250 


23,550 


Ventilation  1275  cfm. 
Totals 


20,700 
204,645 


43,800 
67,350 


Grand  Total  Sensible  and  Latent. 


271,995 


From  the  Goff  diagram,  determine  that  the  apparatus  dew-point  is  54.3  F  (refer  to 
Chapters  3  and  29). 

In  computing  the  effective  air  quantity,  assume  a  coil  efficiency  of  85  per  cent. 
Then, 


1.08  (80  - 


X  0.85 


°781°cfm- 


(Refer  to  Chapter  35  for  coil  selection  and  efficiency.) 

From  note  under  Equation  20  the  dry-bulb  range  will  be  (80-54.3)  X  0.85  *=      . 
deg,  and  the  dry-bulb  temperature  of  air  leaving  the  coil  will  be  80  —  21.8  «  58.2F. 
The  dry-bulb  temperature  leaving  the  fan  (including  the  heat  supplied  by  the 
motor),  or  delivered  into  the  room,  will  be  (from  Equation  22): 


21.8 


. 
fan 


With  good  distribution  and  diffusion,  this  temperature  should  not  produce  objec- 
tionable drafts. 

EXAMPLE  11:  SUMMARY 

Outdoor  Conditions  ............  95  DB  78  WB  0.0169  Humidity  Ratio 

Space  Conditions  ..............  80  DB  65  WB  0.0098  Humidity  Ratio 

DlFFEBENCE  ...............    15  0.0071 

SENSIBLE  LOAD 

Transmission  Btu/Hr 

Roof  4000  sq  ft  X  53°  X  0.34  -  ..................................  72,000 

S.  Wall  405  sq  ft  X  6°  X  0.41  -  ..................................  995 

E.  Wall  765  sq  ft  X  11°  X  0.52  -  ................................  4,380 

N.  Wall  Ex.  170  sq  ft  X  3°  X  0.52  -  .............................  265 

N.  &  W.  Party  Wall  1065  sq  ft  X  2°  X  0.26  -  ....................  550 

Floor  None 

Door  35  sqft  X  15  X  0,59  -  .....................................  310 

All  Glass  160  sq  ft  X  15  X  1.04  -  ................................  2,510 

Solar  Radiation 

8.  Glass  60  sq  ft  X  0.46  X  0.74  X  42  -  ..........................  860 

8.  Glass  (Doors)  35  sq  ft  X  1.0  X  42  -  ..........................  1,470 

E.  Glass  (Doors)  18  sq  ft  X  16  -  ................................  270 

N.  Glass  30  sq  ft  X  16  -  .........................................  450 

Internal  Load 

Infiltration  67  cfm  X  1.08  X  15°  -.  ..............................  1,085 

Lights  (12,000  X  1.20  +  4000)  3.41  -  .............................  62,700 

People  85  X  200  -  ................................................  17,000 

Motor,  Fan  7.6  hp  X  2544  -  .....................................  19,100 

TOTAL  SENSIBLE  SPACE  LOAD  .................................  188,946 
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LATENT  LOAD 

Infiltration  67  cfm  X  4840  X  0.0071  = 2,300 

People  85  X  250  = 21,250 

TOTAL  LATENT  SPACE  LOAD 23, 550 

VENTILATION  AIB 

Sensible  1275  cfm  X  1.08  X  15°  = 20,700 

Latent  1275  cfm  X  4840  X  0,0071  = 43,800 

GKAND  TOTAL  LOAD 271,995 

LETTER  SYMBOLS  USED  IN  CHAPTER  12 

£  =  solar  altitude,  degrees. 

y  e=  difference  between  the  azimuth  angle  of  an  outdoor  wall  and  the  azimuth 
angle  of  the  horizontal  projection  of  the  sun's  rays,  degrees. 

jn  =  permeability  of  material  to  moisture  transmission,  grains  per  (sq  ft)  (hr) 
(inch  Hg) . 

X  —  amplitude  decrement  factor,  a  variable  depending  on  thickness,  material,  and 
orientation  of  the  wall  or  roof  dimensionless. 

6  =  angle  of  incidence  for  sun's  rays  striking  a  surface,  degrees. 

T  =»  fraction  of  incident  radiant  energy  transmitted  through  a  glass  section, 
dimensionless. 

A  =  area  across  which  heat  is  being  transferred,  square  feet. 

a  =  fraction  of  incident  radiant  energy  absorbed  within  a  glass  section,  dimension- 
less. 

b  =  fraction  of  incident  radiant  energy  absorbed  by  a  non-transparent  surface, 
dimensionless. 

e  =  ratio  of  direct  solar  radiation  to  sky  radiation  falling  on  a  horizontal  surface, 
dimensionless. 

/i  =  unit  convective  conductance  for  indoor  surface  =  film  coefficient  of  heat  trans- 
fer of  indoor  air,  Btu  per  (square  foot)  (hour)  (Fahrenheit  degree). 

fo  =  unit  convective  conductance  for  outdoor  surface  =  film  coefficient  of  heat 

transfer  of  outdoor  air,  Btu  per  (square  foot)  (hour)  (Fahrenheit  degree). 
Gt  »  fraction  of  total  window  area  receiving  direct  solar  radiation  when  shaded  by 
window  reveal,  dimensionless. 

hi  =  enthalpy  of  indoor  air  per  pound  of  dry  air,  Btu  per  pound. 
h*  =  enthalpy  of  outdoor  air  per  pound  of  dry  air,  Btu  per  pound. 
Id  =»  direct  solar  radiation  incident  upon  a  surface  at  any  angle  of  incidence,  Btu 
per  (square  foot)  (hour) . 

Jn  =  direct  solar  radiation  incident  on  a  surface  at  normal  incidence,  Btu  per 

(square  foot)  (hour). 

/.  «  sky  radiation  incident  upon  a  surface,  Btu  per  (square  foot)  (hour). 
It  =  I*  +  id,  Btu  per  (square  foot)  (hour). 

K  =  cosine  of  angle  of  incidence  for  direct  solar  radiation  striking  a  surface,  dimen- 
sionless. 

k  »  thermal  conductivity  of  building  material,  Btu  per  (square  foot)   (hour) 

(Fahrenheit  degree  per  foot). 
L  «  thickness  of  building  material,  feet. 
I  =«  height  of  window,  feet. 

Q  =  rate  of  entry  of  outdoor  air,  cubic  feet  per  minute. 

Qra  =*  required  air  quantity  through  conditioning  equipment,  cubic  feet  per  minute. 
q  =  instantaneous  rate  of  heat  transfer,  Btu  per  hour. 
q*  =  instantaneous  latent  heat  load,  Btu  per  hour. 
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qm  =  latent  head  load  due  to  moisture  transmission  through  materials,  Btu  per 

(hr)  (sq  ft). 

qa  =  instantaneous  sensible  heat  load,  Btu  per  hour. 
qi  =  qQ  -f.  qBt  Btu  per  hour. 

qw  =  the  heat-moisture  ratio  of  the  room  load  based  upon  the  ratio  of  the  total  heat 

added,  divided  by  the  required  rate  of  water-vapor  removed. 
r  —  fraction  of  incident  radiation  reflected  from  glass  surface,  dimensionless. 
U  =  sol-air  temperature,  Fahrenheit  degrees. 
te*  =  sol  -air  temperature  at  a  time  earlier  than  the  time  for  which  heat  gain  is  being 

found  by  an  amount  that  is  equal  to  the  time  lag  of  the  wall  or  roof,  Fahren- 

heit degrees. 

ti  =*  indoor  air  temperature,  Fahrenheit  degrees. 
fa  —  temperature  of  outer  surface  of  building,  Fahrenheit  degrees. 
tn  =  24-hr  cyclic  average  sol-air  temperature,  Fahrenheit  degrees. 
tp  =  tm  +  (t0*  —  &n),  net  equivalent  outdoor  temperature  for  combined  periodic 

and  mean  heat  flow,  Fahrenheit  degrees. 
U  =  overall  coefficient  of  heat  transfer  of  a  structural  section,  Btu  per  (square 

foot)  (hour)  (Fahrenheit  degree). 

i>o  =  volume  of  outdoor  air  per  pound  of  dry  air,  cubic  feet. 
w  «  width  of  window,  feet. 

Wi  =  humidity  ratio  of  indoor  air,  pounds  moisture  per  pound  of  dry  air. 
W9  =  humidity  ratio  of  outdoor  air,  pounds  moisture  per  pound  of  dry  air. 
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FUELS  AND  COMBUSTION 

Classification  of  Coals,  Cokes,  Fuel  Oils,  and  Gases,  Dustless  Treatment  of  Coal, 

Fundamental  Principles  of  Combustion,  Heat  of  Combustion,  Air  Required 

for  Combustion,  Excess  Air,  Heat  Balance,  Firing  Methods,  Secondary 

Air,  Draft  Requirements,  Draft  Regulation,  Furnace  Volume, 

Combustion  of  Gas,  Soot,  Condensation  and  Corrosion 

FUELS  may  be  classified  according  to  their  physical  state  as  solid,  liquid, 
or  gaseous.  The  principal  fuels  used  for  domestic  heating  are  coal,  oil, 
and  gas.  However,  coke,  wood,  kerosene,  sawdust,  briquettes,  and  other 
substances  are  used  for  heating  in  special  applications  or  in  localities  where 
an  adequate  supply  is  available.  Experiments  are  in  progress  in  the  use 
of  a  colloidal  suspension  of  coal  particles  in  fuel  oil,  but  this  fuel  has  not 
attained  wide-spread  usage  as  yet.  The  choice  of  fuel  is  usually  based  on 
dependability,  cleanliness,  availability,  economy,  operating  requirements, 
and  control. 

CLASSIFICATION  OF  COALS 

Coal  has  a  complex  composition  that  makes  classification  into  clear-cut 
types  difficult.  Chemically  it  consists  of  carbon,  hydrogen,  oxygen,  nitro- 
gen, sulfur,  and  a  mineral  residue  called  ash.  A  chemical  analysis  provides 
some  indication  of  the  quality  of  a  coal,  but  does  not  define  its  burning 
characteristics  sufficiently.  The  coal  user  is  interested  principally  in  the 
available  heat  per  pound  of  coal,  in  the  handling  and  storing  properties, 
the  amount  of  ash  and  dust  produced  and  the  burning  characteristics.  A 
description  of  the  relationship  between  the  qualities  of  coals  and  these 
characteristics  requires  considerable  space;  a  treatment  applicable  to 
heating  boilers  is  given  in  a  Bureau  of  Mines  Bulletin.3 

There  are  two  forms  of  coal  analyses,  namely,  the  proximate  analysis 
and  the  ultimate  analysis.  In  the  proximate  analysis  the  proportions  of 
moisture,  volatile  matter,  fixed  carbon,  sulfur,  and  ash  are  determined. 
This  analysis  is  more  easily  made  and  is  satisfactory  for  indicating  most 
of  the  characteristics  which  are  of  interest  to  the  user.  For  the  proximate 
analysis  the  moisture  is  determined  by  observing  the  loss  of  weight  of  a 
sample  of  coal  when  dried  at  about  220  F.  To  determine  the  volatile 
matter,  the  dried  sample  is  heated  to  about  1750  F  in  a  closed  crucible, 
and  the  loss  of  weight  is  noted.  The  remaining  sample  is  then  burned  in 
an  open  crucible,  and  the  accompanying  loss  of  weight  represents  the  fixed 
carbon.  The  unburned  residue  is  ash.  Although  determined  separately, 
the  sulfur  content  is  frequently  reported  with  the  proximate  analysis  be- 
cause the  usefulness  of  a  coal  for  certain  purposes  depends  on  its  sulfur 
content. 

In  the  ultimate  analysis,  which  is  difficult  to  make,  the  percentages  of 
carbon,  hydrogen,  oxygen,  nitrogen,  sulfur,  and  ash  in  the  coal  sample 
are  determined.  It  is  used  for  detailed  studies  of  fuels,  and  in  computing 
a  heat  balance  when  required  in  testing  of  heating  devices.  Typical  ulti- 
mate analyses  of  the  various  kinds  of  coal  are  shown  in  Table  I.2 

Other  important  qualities  of  coals  are  the  screen  sizes,  ash  fusion  tem- 
perature, friability,  caking  tendency,  and  the  qualities  of  the  volatile 
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matter.  In  considering  these  factors  the  following  points  are  of  interest. 
The  volatile  products  given  off  by  coals  when  they  are  heated  differ  mate- 
rially in  the  ratios  by  weight  of  the  gases  to  the  oils  and  tars.  No  heavy 
oils  or  tars  are  given  off  by  anthracite,  and  very  small  quantities  are  given 
off  by  semi-anthracite.  As  the  volatile  matter  in  the  coal  increases  to  as 
much  as  40  per  cent  of  ash  and  moisture-free  coal,  increasing  amounts  of 
oils  and  tars  are  released.  For  coals  of  higher  volatile  content,  the  relative 
quantity  of  oils  and  tars  decreases  and  is  therefore  low  in  the  sub-bituminous 
coals  and  in  lignite.  The  percentage  of  ash  and  its  fusion  temperature  do 
not  indicate  the  composition  or  distribution  of  its  constituents. 

A  classification  of  coals  is  given  in  Table  2,  and  a  brief  description  of  the 
kinds  of  fuel  is  given  in  the  following  paragraphs,  but  it  should  be  recog- 

TABLB  1.    TYPICAL  ULTIMATE  ANALYSES  FOR  COALS 


BTTT  PER  LB 

CONSTITUENTS,  PER  CENT 

BANE 

Moist, 

OH- 

Mineral- 
matter- 
freea 

Moist, 
as 
Received 

Oxygen 

By. 

drogen 

Carbon 

Nitrogen 

Sulfur 

Ash 

Y 

Anthracite.  

14,600 

12,910 

5.0 

2.9 

80.0 

0.9 

0.7 

10.5 

87.9 

Semi-Anthracite  

15,200 

13,770 

5.0 

3.9 

80.4 

1.1 

1.1 

8.5 

89.3 

Low-Volatile 

Bituminous..  

15,350 

14,340 

5.0 

4.7 

81.7 

1,4 

1.2 

6.0 

91.4 

Medium-  Volatile 

Bituminous  

15,200 

13,840 

5.0 

5.0 

79.0 

1.4 

1.5 

8.1 

89.0 

High-Volatile 

Bituminous  A  

14,500 

13,090 

9.2 

5.3 

73.2 

1.5 

2.0 

8.8 

87.7 

High-Volatile 

Bituminous  3  

13,500 

12,130 

13.8 

5.5 

68.0 

1.4 

2.1 

9.2 

87.3 

High-Volatile 

Bituminous  C.  

12,000 

10,750 

21.0 

5.8 

60.6 

1.1 

2.1 

9.4 

87.4 

Sub  Bituminous  A  c  

Sub  Bituminous  B  

10,250 

9,150 

29.5 

6.2 

52.5 

1,0 

1.0 

9.8 

88.2 

Sub  Bituminous  C.  

9,000 

8,940 

35.8 

6.5 

46.7 

0,8 

0.6 

9.6 

89.0 

Lignite  

7,500 

6,900 

44.0 

6.9 

40,1 

0.7 

1.0 

7.3 

91.0 

11  (Btu  as  received)  X  100  4-  (100  -  1.1  Ash) 

nized  that  there  are  no  distinct  lines  of  demarcation  between  the  kinds,  and 
that  they  graduate  into  each  other. 

Anthracite  is  a  clean,  dense,  hard  coal  which  creates  little  dust  in  handling.  It  is 
comparatively  hard  to  ignite,  but  it  burns  freely  when  well  started.  It  is  non-caking, 
it  burns  uniformly  and  smokelessly  with  a  short  flame,  and  it  requires  no  attention  to 
the  fuel  bed  between  firings.  It  is  capableof  giving  a  high  efficiency  in  the  common 
types  of  hand-fired  furnaces.  A  tabulation  of  the  quality  of  the  various  anthracite 
sizes  will  be  found  in  a  Bureau  of  Mines  Report.8  Standard  anthracite  sizing  specifi- 
cations are  shown  in  Table  3. 

Semi-anthracite  has  a  higher  volatile  content  than  anthracite.  It  is  not  so  hard, 
and  ignites  somewhat  more  easily.  Otherwise  their  properties  are  similar. 

Semi -bituminous  coal  is  soft  and  friable,  and  fines  and  dust  are  created  by  handling 
it.  It  ignites  somewhat  slowly  and  burns  with  a  medium  length  of  flame.  Its  caking 
properties  increase  as  the  volatile  matter  increases,  but  the  coke  formed  is  relatively 
weak.  Having  only  half  the  volatile  matter  content  of  the  bituminous  coals,  it  can 
be  burned  with  less  production  of  smoke,  and  is  sometimes  called  a  smokeless  coal. 

The  term  bituminous  coal  covers  a  large  range  of  coals  and  includes  many  types 
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having  distinctly  different  composition,  properties,  and  burning  characteristics. 
The  coals  range  from  the  high-grade  bituminous  coals  of  the  East  to  the  poorer  coals 
of  the  West.  Their  caking  properties  range  from  coals  which  melt  completely,  to 
those  from  which  the  volatiles  and  tars  are  distilled  without  change  of  form,  so  that 
they  are  classed  as  non-caking  or  free-burning.  Most  bituminous  coals  are  strong 


TABLE  2.    CLASSIFICATION  OP  COALS  BY 

Legend:  F.C.  =  Fixed  Carbon.    V.M.  «  Volatile  Matter,    Btu  -  British  thermal  unite. 


CLASS 


GROUP 


LIMITS  OP  FIXED  CARBON  OB  Brir 
MINERAL-MATTER-FREE  BASIS 


REQUISITE  PHYS 
PROPERTIES 


I.  Anthracite < 


II.  Bituminous*" 


III.  Sub-bituminousJ 


IV.  Ligcitic i 


1.  Mela-anthracite 

2.  Anthracite  ....„ ,.. 

3.  Semi-anthracite 

1.  Low  volatile  hituminoua  coal 

2.  Medium  volatile  bituminous  coal 

3.  High  volatile  A  bituminous  coal. 

4.  High  volatile  B  hituminoua  coal.. 

5.  High  volatile  C  bituminous  Coal.. 

1.  Sub-bituminous  A  coaL.. 

2.  Sub-bituminous  B 

3.  Sub-bituminous  C  coal, 

1 .  Lignite. 


2.  Brown  coal 


Dry  F.C.,  98  per  cent  or  more  (Dry 

V.M.,  2  per  cent  or  less) 
Dry  F.C.,  92  per  cent  or  more  and  less 

than  98  per  cent  {Dry  V.M.,  8  per 

cent  or  less  and  more  than  2  per  cent) 
Dry  F.C.,  86  per  cent  or  more  and  less 

than  92  per  cent  (Dry  V.M.,  14  per 

cent  or  less  and  more  than  8  per  cent) 
Dry  F.C..  78  per  cent  or  more  and  less 

than  86  per  cent  (Dry  V.M.,  22  per 

cent  or  less  and  more  than  14  per 

cent) 
Dry  F.C.,  69  per  cent  or  more  and  less 

than  78  per  cent  (Dry  V.M.,  31  per 
'    cent  or  less  and  more  than  22  per 

cent) 
Dry  F.C.,  less  than  69  per  cent  (Dry 

V.M.,  more  than  31  per  cent);  and 

moist*  Btu,  14,000*  or  moro 
Moist*  Btu,  13,000  or  more  and  less 

than  14,000* 
Moist  Btu,  11,000  or  more  and  less 

than  13W 
Moist  Btu,  11,000  or  more  and  less 

than  13,000' 
Moist  Btu,  9500  or  more  and  less 

than  11,000" 
Moist  Btu,  8300  or  more  and  less 

than  9500* 

Moist  Btu  less  than  8300 
Moist  Btu  less  than  8300 


Non-agglomerat 


Either  aggloinera 
or  non-weather 


Both  weathering 
non-agglomerat 


Consolidated 
UnconsoHdated 


0  This  classification  does  not  include  a  few  coals  which  have  unusual  physical  and  chemical  properties  and 
which  come  within  the  limits  of  fixed  carbon  or  Btu  of  the  high-volatile  bituminous  and  sub-bituminous 
ranks.  All  of  these  coals  either  contain  less  than  48  per  cent  dry,  mineral-matter-free  fixed  carbon,  or  have 
more  than  15,500  moist,  mineral-matter-free  Btu. 

b  If  agglomerating,  classify  in  low-volatile  group  of  the  bituminous  class. 

e  Moist  Btu  refers  to  coal  containing  its  natural  bed  moisture  but  not  including  visible  water  on  the  sur- 
face of  the  coal. 

d  It  is  recognized  that  there  may  be  non-caking  varieties  in  each  group  of  the  bituminous  class. 

•  Coals  having  69  per  cent  or  more  fixed  carbon  on  the  dry,  mineral-matter-free  basis  shall  be  classified 
according  to  fixed  carbon,  regardless  of  Btu. 

*  There  are  three  varieties  of  coal  in  the  high-volatile  C  bituminous  coal  group,  namely,  Variety  1,  agglom- 
erating and  non-weathering;  Variety  2,  agglomerating  and  weathering;  Variety  3,  non-agglomerating  and 
non-weathering. 

Adapted  from  A..S.TM.  Standards,  1937,  Supplement,  p.  145,  American  Society  for  Testing  Materials. 

and  n  on -friable  enough  to  permit  the  screened  sizes  being  delivered  free  from  fines. 
In  general,  they  ignite  easily  and  burn  freely;  the  length  of  flame  varies  with  different 
coals,  but  it  is  long.  Much  smoke  and  soot  are  possible,  if  improperly  fired,  especially 
at  low  rates  of  burning. 

Sub -bituminous  coals  occur  in  the  western  states;  they  are  high  in  moisture  when 
mined  and  tend  to  break  up  as  they  dry  or  when  exposed  to  the  weather;  they  are 
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liable  to  ignite  spontaneously  when  piled  or  stored.  They  ignite  easily  and  quickly 
and  have  a  medium  length  flame;  are  non-caking  and  free-burning;  the  lumps  tend 
to  break  into  small  pieces  if  poked;  very  little  smoke  and  soot  are  formed. 

Lignite  is  of  woody  structure,  very  high  in  moisture  as  mined,  and  of  low  heating 
value ;  it  is  clean  to  handle.  It  has  a  greater  tendency  than  the  sub-bituminous  coals 
to  disintegrate  as  it  dries,  and  it  also  is  more  liable  to  spontaneous  ignition.  Freshly 
mined  lignite,  because  of  its  high  moisture,  ignites  slowly.  It  is  non-caking.  The 
char  left  after  the  moisture  and  volatile  matter  are  driven  off  bums  very  easily,  like 

TABLE  3,    STANDARD  ANTHRACITE  SPECIFICATIONS* 
Test  Mesh  Round 


SIZE  01  COAL 

THROUGH 
In. 

OVES 

In. 

OVESSIZE 

MAX,% 

UKDESSIZE 

MAXIMUM  IMPURITIES 

Max,% 

Min.  % 

SUUb% 

Boneb  %  or  Aah°  % 

Broken.  ..»  

I 

3H 

1 

3 

10 
10 
10 
10 
20 
30 

15 
15 
15 
15 
15 
15 
IT 
20 
30 
Nol 

7 

7- 
7- 
7 
7: 

10 
1© 
unit 

I 

3 
4 

2 
2 
3 
4 
5 

11 
11 
11 
11 
12 
13 
13 
15 
15 
10 

Egg  

Stove, 

Nut  

Pea  

Buckwheat 

Rice          ... 

Barley 

No.  4  

No  $ 

*  Approved  and  adopted,  effective  July  28, 1947,  by  the  Anthracite  Committee  (Manual  of  Statiatieal 
Information,  Anthracite  Institute). 

'• b  When  slat©  content  in  the  sizes  from  Broken  to  Nut  inclusive  is  leas  than  above  standards,  bone  content 
may  be  increased  by  one  and  one-half  times  the  decrease  in  the  slate  content  under  the  allowable  limits,  but 
slate  content  specified  above  shall  not  be  exceeded  in  any  event. 

0  Ash  determinations  are  on  a  dry  basis. 

A  tolerance  of  1  per  cent  is  allowed  on  the  maximum  percentage  of  underage  and  the  maximum  percentage 
of  ash  content.  The  maximum  percentage  of  undersize  is  applicable  only  to  anthracite  as  it  is  produced  at 
the  preparation  plant. 

Slate  is  defined  as  any  material  which  has  less  than.  40  per  cent  of  fixed  carbon. 

Bone  is  defined  as  any  material  which  has  40  per  cent  or  more,  but  less  than  75  per  cent  of  fixed  carbon. 

charcoal.    The  lumps  tend  to  break  up  in  the  fuel  bed,  and  pieces  of  char  falling  into 
the  ashpit  continue  to  burn.    Very  little  smoke  or  soot  is  formed. 

DUSTLESS  TREATMENT  OF  COAL 

In  order  to  allay  the  dust  the  more  friable  coals  are  sometimes  sprayed 
with  various  petroleum  products,  a  solution  of  calcium  chloride  or  a  mix- 
ture of  calcium  and  magnesium  chlorides. 

The  coal  is  usually  treated  at  the  mine,  but  sometimes  by  the  local  dis- 
tributor just  before  delivery.  The  salt  solutions  are  sprayed  under  high 
pressure,  using  from  2  to  4  gal  or  from  5  to  10  Ib  of  the  salt  per  ton  of 
coal,  depending  on  its  friability  and  size.  Oil  for  the  dustless  treatment 
of  coal  is  also  applied  under  high  pressure,  in  concentrations  of  1  to  8  qt 
per  ton  of  coal,  depending  upon  the  characteristics  of  the  coal  and  oil, 

Dustless  treatments,  which  are  of  such  a  corrosive  nature  that  they  may 
damage  coal  handling  or  burning  equipment,  should  not  be  used. 

CLASSIFICATION  OF  COKES 

Coke  is  produced  by  the  distillation  of  the  volatile  matter  from  coal.  The  type  of 
cok«  depends  oa  the  coal  or  mixture  of  coals  used,  the  temperatures  and  time  of  distil- 
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iation  and,  to  some  extent,  on  the  type  of  retort  or  oven;  coke  is  also  produced  as  a 
residue  from  the  destructive  distillation  of  .oil. 

High-temperature  cokes.  Coke,  as  usually  available,  is  of  the  high-temperature 
type ,  and  contains  between  1  and  2  per  cent  volatile  matter.  High-temperature  cokes 
are  subdivided  into  beehive  coke  of  which  comparatively  little  is  now  sold  for  domestic 
use,  by-product  coke,  which  covers  the  greater  part  of  the  coke  sold,  and  gas-house  coke. 
The  differences  among  these  three  cokes  are  relatively  small;  their  denseness  and 
hardness  decrease  and  friability  increases  in  the  order  named .  In  general ,  the  lighter 
and  more  friable  cokes  ignite  and  burn  more  readily. 

Low-temperature  cokes  are  produced  at  low  coking  temperatures,  and  only  a  portion 
of  the  volatile  matter  is  distilled  off.  Cokes,  as  made  by  various  processes  under  de- 
velopment, have  contained  from  10  to  15  per  cent  volatile  matter.  In  general,  these 
cokes  ignite  and  burn  more  readily  than  high-temperature  cokes.  The  properties  of 
various  low-temperature  cokes  may  differ  more  than  those  of  the  various  high-tem- 
perature cokes  because  of  the  differences  in  the  quantities  of  volatile  matter,  and 
because  some  may  be  light  and  others  briquetted. 

Petroleum  cokes,  which  are  obtained  by  coking  the  residue  left  from  the  distillation 
of  petroleum,  vary  in  the  amount  of  volatile  matter  they  contain,  but  all  have  the 
common  property  of  a  very  low  ash  content,  which  necessitates  the  use  of  refractory 
pieces  to  protect  the  grates  from  being  burned. 

CLASSIFICATION  OF  FUEL  OILS 

Fuel  oils  are  produced  by  distillation  from  crude  petroleum  after  gasoline, 
naphtha,  and  other  lighter  products  have  been  removed.  Fuel  oil  is 
composed  chemically  of  about  85  per  cent  carbon  and  12  J  per  cent  hydrogen 
with  small  amounts  of  oxygen,  nitrogen,  and  sulfur.  Oils  are  classified 
according  to  their  specific  gravity,  but  specific  gravity  alone  is  not  a  suffi- 
cient index  of  the  properties  that  are  important  for  heating  purposes. 
Other  characteristics  that  must  be  considered  in  the  choice  of  a  fuel  oil 
are  the  flash  point,  pour  point,  water  and  sediment  content,  carbon  residue, 
ash,  sulfur  content,  distillation  temperatures,  and  viscosity. 

The  flash  point  and  distillation  characteristics  are  important  relative  to 
easy  ignition  and  complete  gasification  of  the  oil  in  a  burner.  A  low  pour 
point  and  low  water  content  are  of  interest  in  connection  with  the  storage 
of  the  fuel  in  outdoor  tanks,  while  a  low  viscosity  permits  easy  passage 
through  a  small  orifice.  The  sediment,  carbon  residue,  and  ash  content 
should  be  low  to  prevent  clogging  of  strainers  and  accumulation  of  un- 
burned  material  in  the  burner.  The  sulfur  content  may  be  of  importance 
because  of  the  corrosive  effect  of  sulfur  compounds  in  the  burner  and 
heating  appliance,  or  in  special  commercial  processes. 

The  Commercial  Standard  Specifications  for  Fuel  Oils  (CS  12-48)  of 
the  U.  S.  Department  of  Commerce  are  given  in  Table  4.  These  {specifica- 
tions conform  to  American  Society  for  Testing  Materials  Tentative  Specifi- 
cations for  Fuel  Oils  D  396-48T. 

The  relationship  between  the  A.PJ.  gravity  of  fuel  oils  and  their  calorific 
value  is  given  in  Table  5.  Fuel  oil  grades  No.  1  and  No.  2  only,  are  used 
in  domestic  heating  equipment.  Grades  No.  5  and  No.  6  are  used  in  com- 
mercial and  industrial  burners,  and  usually  require  preheating. 

CLASSIFICATION  OF  GASES 

Typical  fuel  gases  used  in  the  "United  States  fall  into  three  broad  classifi- 
cations, natural,  manufactured  and  liquefied  petroleum.  Natural  gas  is  a 
mechanical  mixture  of  several  combustible  and  inert  gases  obtained  from 
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TABLE  5.    APPROXIMATE  GRAVITY  AND  CALOBIFIC  YALTTE 
OF  STANDARD  GRADES  OF  FUEL  OIL 


COMMERCIAL  STANDARD  No. 

APPROXIMATE  GRAVITY  RANGE 
A.P.I. 

CALORIFIC  VALUE  BTU  PEE  GALLON 

1 

35-45 

138,800-132,900 

2 

26-40 

144,300-135,800 

4 

12-25 

153,000-145,000 

5 

10-23 

154,600-146,200 

6 

8-17.5 

156,000-149,700 

geologic  formations.  Manufactured  gas,  as  distributed,  is  usually  a  com- 
bination of  gases  produced  by  two  or  more  processes  of  disintegration  of 
carbonaceous  material  such,  as  coal,  coke  or  oil.  Liquefied  petroleum  gases 
are  certain  hydrocarbons  which  are  gaseous  under  normal  atmospheric 
conditions,  but  can  be  liquefied  under  moderate  pressure  at  normal  tempera- 
tures. However,  the  demand  for  gaseous  fuels  in  the  past  few  years  has 
so  extended  the  original  sources  of  manufacture  and  distribution  that 
hardly  any  city  of  any  size  can  be  said  to  be  supplied  with  one  specific  type 
of  gas.  During  peak  load  demands  for  heating  in  natural  gas  systems  high 
Btu  oil-gas,  and  high  Btu  liquefied  petroleum-air  mixtures,  are  added; 
while  in  manufactured  gas  systems,  the  supply  is  augmented  by  use  of 
reformed  natural  gas,  reformed  refinery  gas,  lower  Btu  mixtures  of  liquefied 
petroleum  and  air,  and  use  of  straight  natural  gas  for  increasing  heating 
value  of  other  manufactured  gases. 

Representative  properties  of  gaseous  fuels  commonly  used  in  domestic 
heating  are  presented  in  Table  6. 

Natural  gas  contains  from  75  to  95  per  cent  methane,  with  smaller  per- 
centages of  the  higher  hydrocarbons.  In  addition,  non-inflammable  com- 
ponents such  as  carbon  dioxide,  nitrogen  and  helium  are  often  present. 
The  percentages  of  the  different  components  vary  with  the  area  from  which 
the  gas  is  withdrawn,  and  even  the  composition  from  a  given  well  will  vary 
over  the  life  of  the  well.  The  heating  value  varies  from  900  to  1400  Btu 
per  cu  ft  as  shown  in  Table  6,  although  in  the  majority  of  cases  is  between 
1000  and  1050  Btu  per  cu  ft. 

Table  6  also  gives  the  calorific  values  of  the  more  common  types  of  manu- 
factured gases.  Most  states  and  municipalities  have  legislation  which 
controls  the  distribution  of  gas  and  establishes  a  minimum  limit  to  its  heat 
content.  The  gross  or  higher  calorific  value  usually  ranges  between  520 
and  545  Btu  per  cu  ft,  with  an  average  of  535.  There  has  been  a  tendency 
lately  in  some  manufactured  gas  territories  to  increase  the  calorific  value 
of  the  gas  in  order  to  serve  more  customers  with  the  existing  distribution- 
system. 

A  given  heat  value  may  be  maintained  and  yet  permit  considerable 
latitude  in  the  composition  of  the  gas  so  that,  as  distributed,  the  composi- 
tion is  not  necessarily  the  same  in  different  districts  nor  at  successive  times 
in  the  same  district.  However,  in  any  community  the  variations  in  gas 
composition  are  held  within  suitable  limits  so  that  the  performance  of  gas 
appliances  conforming  to  American  Standard  Requirements  will  not  be 
adversely  affected. 

Liquefied  petroleum  gases,  principally  propane  and  butane  or  mixtures 
of  both,  are  the  richest  of  the  gases,  having  calorific  values  of  2500  and  3200 
Btu  per  cu  ft,,  respectively.  They  are  Dionnally  supplied  as  liquids  under 
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pressure  and  evaporate  when  pressure  is  relieved,  obtaining  the  ^  heat  of 
vaporization  from  the  surrounding  air  or  ground.  As  butane  boils  at  32 
F,  tanks  must  be  buried  below  the  frost  line,  if  used  in  the  colder  climates. 
Propane,  which  has  a  boiling  point  of  —40  F,  is  more  often  used  where 
temperatures  fall  below  freezing.  These  gases  are  supplied  in  small  mobile 
tanks,  but  when  used  for  heating,  a  large  high  pressure  tank  is  usually  used 
and  the  gas  delivered  by  tank  truck  to  the  consumer,  much  the  same  as  oil. 
These  gases  when  mixed  with  air  are  used  to  augment  peak  loads  of  many 
gas  companies,  and  in  smaller  cities  where  gas  manufacturing  plants  are 
uneconomical,  liquefied  petroleum-air  mixtures  are  delivered  through  the 
mains  in  place  of  manufactured  gas. 

FUNDAMENTAL  PRINCIPLES  OF  COMBUSTION 

Combustion  may  be  defined  as  the  chemical  combination  of  a  substance 
with  oxygen,  with  a  resultant  evolution  of  heat.  The  rate  of  combustion 
depends  partly  upon  the  specific  rate  of  reaction  of  the  combustible  sub- 
stance with  oxygen,  partly  upon  the  rate  at  which  oxygen  is  supplied,  and 
upon  the  temperature  obtained  due  to  surrounding  conditions. 

Complete  combustion  is  obtained  when  all  of  the  combustible  elements  in 
the  fuel  are  oxidized  with  all  of  the  oxygen  with  which  they  can  combine. 
All  of  the  oxygen  supplied  may  not  be  utilized. 

Perfect  combustion  is  defined  as  the  result  of  supplying  the  required 
amount  of  oxygen  for  combination  with  all  of  the  combustible  elements  of 
the  fuel,  and  utilizing  all  of  the  oxygen  so  supplied. 

The  oxygen  required  for  the  process  of  combusion  is  obtained  from  air 
which  is  a  mechanical  mixture  of  oxygen,  nitrogen  and  small  amounts  of 
carbon  dioxide,  water  vapor  and  inert  gases.  These  inert  gases  are  gen- 
erally included  with  the  nitrogen.  Hence,  the  composition  of  air  (per  cent) 
may  be  taken  as:  20.9  oxygen  and  79.1  nitrogen  by  volume,  and  23.15  oxy- 
gen and  76.85  nitrogen  by  weight. 

The  combination  of  oxygen  with  the  combustible  elements  and  com- 
pounds of  a  fuel  is  in  accordance  with  fixed  laws.  In  the  case  of  perfect 
combustion  the  reactions  and  resultant  combinations  are  shown  in  Table  7. 

The  most  important  condition  governing,  the  process  of  combustion  is 
temperature.  It  is  necessary  to  bring  a  combustible  substance  to  its  ig- 
nition, temperature  before  it  will  unite  in  chemical  combination  with  oxy- 
gen to  produce  combustion.  The  ignition  temperatures  for  several  of  the 
combustible  constituents  of  fuels  are  presented  in  Table  7. 

HEAT  OF  COMBUSTION 

As  previously  stated,  the  process  of  combustion  results  in  the  evolution 
of  heat.  The  heat  generated  by  the  complete  combustion  of  a  unit  of  fuel 
is  constant  for  a  given  combination  of  combustible  elements  and  com- 
pounds,, and  is  known  as  the  heat  of  combustion,  calorific  value,  or  heating 
value  of  the  fuel.  The  heat  of  combustion  of  the  several  substances  found 
in  the  more  common  fuels  is  given  in  Table  7. 

The  calorific  value  of  a  fuel  may  be  determined  either  by  direct  measure- 
ment of  the  heat  evolved  during  combustion  in  a  calorimeter,  or  it  may  be 
computed  from  the  ultimate  analysis  and  the  heat  of  combustion  of  the 
several  chemical  elements  in  the  fuel.  When  the  heating  value  of  a  fuel 
is  determined  in  a  calorimeter,  the  water  vapor  is  condensed  and  the  latent 
heat  of  vaporization  is  included  in  the  heating  value  of  the  fuel.  The  heat- 
ing value  so  determined  is  termed  the  gross  or  higher  heating  value,  and 
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this  is  what  is  ordinarily  meant  when  the  heating  value  of  a  fuel  is  specified. 
In  burning  the  fuel,  however,  the  products  of  combustion  are  not  cooled  to 
the  dew-point  and  the  higher  heating  value  cannot  be  utilised. 

When  combustion  is  complete,  the  carbon  in  the  fuel  unites  with  oxygen 
to  form  carbon  dioxide,  C02,  the  hydrogen  unites  with  oxygen  to  form 
water  vapor,  H%0,  and  the  nitrogen,  being  inert,  passes  through  the  re- 
action without  change.  When  combustion  is  incomplete,  some  of  the 
carbon  may  unite  with  oxygen  to  form  carbon  monoxide,  (70,  and  some 
of  the  hydrogen  and  hydrocarbon  gases  may  not  be  burned  at  all.  When 
carbon  monoxide  or  other  combustible  gases  are  present  in  the  flue  gases, 
there  is  a  loss  of  heat  produced  per  unit  of  fuel  consumed,  and  a  lower 
combustion  efficiency  is  obtained.  Incomplete  combustion  may  result 
from  any  or  all  of  the  folio  wing  three  conditions:  (1)  inadequate  air  supply; 
(2)  insufficient  mixing  of  air  and  gases;  and  (3)  a  temperature  too  lowto  pro- 
duce ignition  or  maintain  combustion. 

AIR  REQUIRED  FOR  COMBUSTION 

The  weight  of  air  required  for  perfect  combustion  of  a  pound  of  fuel 
may  be  determined  by  use  of  the  ultimate  analysis  of  the  fuel  as  applied  to 
Equations  1  and  2.  The  various  elements  are  expressed  in  percentages 
by  weight. 

Solid  and  Liquid  Fuels: 


c    f      o\    sl 

T"^t^r"""j)'^"5" 


Pounds  air  required  per  pound  fuel  •»  34.66 

For  Gaseous  Fuels: 

Pounds  air  required  per  pound  fuel  -  2.47  CO  +  34.34  H3  +  17.27  CH*  -f  16.12     (  . 
C2#6  +  15.70  ftfli  +  15.49  CUZio  4~  13,30  CJIt  +  14.81  C*H*  +  6.10  H^S  -  4.32  Oa   l  ' 

When  the  analysis  is  given  on  a  volumetric  basis  the  equation  is  ex- 
pressed as  follows: 

Cubic  feet  air  required  per  cubic  foot  gas  «  2.39  (CO  +  H9)  -f-  9.53  CH*  +> 
16.68  C*H6  +  23.82  C*H6  +  30.97  CU?io  4-  11.91  C,#s  4-  14.29  Ctffc  +          (3) 
715  H*S  -  4.78  02 

Equations  4  and  5  may  be  used  as  approximate  methods  of  determining 
the  theoretical  air  requirement  for  any  fuel. 

Pounds  air  required  per  pound  fuel  »  0.755  X  (Btu  per  pound)  -3-  1000  (4) 

Cubic  feet  air  required  per  unit  fuel  »  (Btu  per  unit)  -f-  100  (5) 

Approximate  values  for  the  theoreticaT&ir  required  for  different  fuels  are: 

1.  Solid  Fuel  (Pounds  air  per  pound  fuel).    Anthracite,  9.6;  semi-Bituminous, 
11.2;  Bituminous  10.3;  Lignite  6.2;  and  Coke  11.2. 

2.  Fuel  Oil  (Pounds  air  per  gallon):  Commercial  Standard  No.  1,  102.6:  No.  2, 
105.5;  No.  5,  112;  No.  6,  114.2. 

3.  Gaseous  Fuel  (Cubic  feet  of  air  per  cubic  foot):  Natural,  10.0;  Mixed  Natural 
and  Manufactured,  8.0;  Manufactured,  5.2;  Butane,  31.0;  Propane,  23,8. 

It  is  customary  to  make  use  of  the  analysis  of  the  products  of  combus- 
tion to  determine  the  amount  of  flue  gas  produced  and  the  actual  amount 
of  air  supplied  for  combustion.  The  analysis  of  flue  gases  has  been  well 
described  in  various  publications  of  the  U.  S.  Bureau  of  Mines  and  in  the 
literature,  and  the  details  of  Orsat  manipulation  need  not  be  considered  in 
this  discussion.  (See  Chapter  49.) 

The  weight  of  dry  flue  gas  per  pound  of  fuel  burned  is  used  in  combustion 
loss  calculations,  and  may  be  determined  by  Equation  6, 
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Pound,  dry  flue  gas  per  pound  fuel  -  11(7°8+8°'  +  7(gf  +  ^  X  0       (6) 

o  (GQz  -f-  CO) 

Values  for  C02,  0*,  CO,  and  N2  are  percentages  by  volume  from  the  flue 
gas  analysis,  and  C  is  the  weight  of  carbon  burned  per  pound  of  fuel,  cor- 
rected for  carbon  in  the  ash. 

EXCESS  AIR 

Since  one  measure  of  the  efficiency  of  combustion  is  the  relation  existing 
between  the  amount  of  air  theoretically  required  for  perfect  combustion 
and  the  amount  of  air  actually  supplied,  a  method  of  determining  the 
latter  factor  is  of  value.  Equation  7  is  reasonably  accurate,  for  most  solid 
and  liquid  fuels,  for  determining  the  amount  of  air  supplied  per  pound  of 
fuel. 

Pounds  dry  air  supplied  per  pound  of  fuel  =  ~  -  *--  X  C  (7) 

CO) 


Values  for  COs,  CO,  and  N  are  percentages  by  volume  from  the  flue  gas 
analysis,  and  C  is  the  weight  of  carbon  burned  per  pound  of  fuel  corrected 
for  carbon  in  the  ash. 

The  difference  between  the  air  actually  supplied  for  combustion  and 
the  theoretical  air  required,  is  known  as  excess  air.  See  Equation  8  in  which 
the  symbols  represent  volumetric  percentages  of  the  flue  gas  constituents 
as  determined  by  analysis. 

T>          .  ,        /Air  supplied  —  Theoretical  air\ 

Per  cent  excess  air  -  (  -  ~~-  -          .  -  I  x  100  (8) 

\  Theoretical  air  / 

Since  the  calculation  is  usually  made  from  Orsat  analysis,  Equation  9 
will  be  found  to  be  a  convenient  statement  of  this  relationship. 

r>          *  -  100  (On  -  CO/2) 

Per  cent  excess  air  -  yt  x  ^  _  (ft  _  0» 


Due  to  the  different  carbon-hydrogen  ratios  of  the  different  fuels,  the 
maximum  COg  attainable  varies.  The  theoretical  maximum  CQ%  attain- 
able may  be  calculated  from  the  flue  gas  analysis  by  the  use  of  Equation  10. 

iwr    •          *u       *•    i  at  nn       %  C0»  in  flue  gas  sample  X  100 
Maximum  theoretical  %  COs  »  -  ,     .  -  -  —  r\~~  (10) 

_  /  &  m  same  sample 

~  \  0-21 

TABLE  8.    REPRESENTATIVE  MAXIMUM  COi  VALUE 


FUEL 

THEORETICAL 
COs 

COs  USUALLY  ATTAIMEJ> 
IN  PRACTICE 

Coke            

21.00 
20.20 
18.20 
15.00 
16.50 
12.00 
11.00 

12-14 

12-14 
13 
10.5 
13.5 
9,7 
8.5 

Anthracite  
Bituminous  Coal  .  .  
No.  2  Fuel  Oil  
No.  6  Fuel  OiL  „«.  
Natural  Gas  ».«....  ..~..-,.,..........- 

Coke  Oven  Gas.  
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Representative  values  for  complete  combustion  of  several  fuels  are  given 
in  Table  8. 

To  produce  heat  efficiently  with  any  of  the  common  fuels,  the  following 
requirements  must  be  observed:  (1)  adequate  heat  absorbing  surface  is 
necessary;  (2)  the  heat  transfer  surfaces  must  be  clean;  (3)  a  minimum  of 
excess  air  should  be  used;  (4)  the  combustion  air  and  the  combustible  gases 
produced  by  the  fuel  must  be  well  mixed;  and  (5)  the  quantity  of  com- 
bustible gases  escaping  to  the  stack  must  be  kept  small. 

If  insufficient  heating  surface  is  provided  in  a  heating  appliance,  or  if 
the  heat  transfer  surfaces  are  covered  with  soot,  ash  or  scale,  the  flue  gas 
temperature  will  be  excessive,  and  the  amount  of  sensible  heat  passing  up 
the  stack  will  be  unnecessarily  large.  Too  much  excess  air  dilutes  the 
flue  gases  excessively  and  increases  the  sensible  flue  gas  loss,  while  a  defi- 
ciency of  air  will  cause  some  combustible  gases  to  pass  out  of  the  appliance 
unburned.  The  highest  combustion  efficiency  is  not  always  obtained  by 
supplying  enough  excess  air  to  reduce  the  incomplete  combustion  loss  to 
zero,  but  the  incomplete  combustion  loss  should  be  kept  small.  If  the 
secondary  air  is  not  well  mixed  with  the  combustible  gases,  some  incom- 
plete combustion  may  still  occur.  Unnecessary  secondary  air  also  dilutes 
the  flue  gases  and  increases  the  sensible  heat  escaping  up  the  chimney. 
Some  excess  air  is  always  required  in  the  practical  operation  of  heating 
plants.  It  is  considered  good  practice,  under  usual  operating  conditions, 
to  supply  from  25  to  50  per  cent  excess  air,  depending  upon  the  fuel  used. 

HEAT  BALANCE 

In  analyzing  the  performance  of  a  heating  appliance,  it  is  frequently 
desirable  to  make  an  accounting,  insofar  as  possible,  of  the  disposition 
of  all  the  heat  units  in  the  fuel  used.  Such  an  accounting  is  sometimes 
called  a  heat  balance.  The  several  components  of  the  heat  balance  may 
be  expressed  either  in  terms  of  Btu  per  pound  of  fuel  used,  or  as  a  per- 
centage of  the  calorific  value  of  the  fuel.  The  components  of  the  heat 
balance  are  listed  in  items  1  to  7. 

1 .  Useful  heat  transferred  to  heating  medium,  and  usually  evaluated  by  determin- 
ing the  rate  of  flow  of  the  heating  fluid  through  the  heating  device,  and  the  change  in 
enthalpy  of  the  fluid  (heat  added)  between  the  inlet  and  outlet. 

2.  Heat  loss  in  the  dry  chimney  gases. 

hi  =  WgC9  (tg  —  to,)  .  (11) 

3.  Heat  loss  in  water  vapor  formed  by  the  combustion  of  hydrogen. 

&*  «=  :~  (1091.8  +  0.455  (tg  —  fj       '  (12) 

4.  Heat  loss  in  water  vapor  in  the  air  supplied  for  combustion. 

Ai  »  0.455  M  w*  (Ig  -  O  (13) 

5.  Heat  loss  from  incomplete  combustion. 

CO 


co,  +  co 


(14) 
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6.  Heat  loss  from  unburned  carbon  in  the  ash  or  refuse. 

h*  -  14600*  te-tf)  <1» 

7.  Radiation  and  all  other  unaccounted  for  losses. 

Since  the  radiation  and  convection  losses  from  a  heating  appliance  are  not  usually 
determined  by  direct  measurement,  they,  together  with  any  other  losses  not  meas- 
ured, are  determined  by  subtracting  the  total  of  items  1  to  6,  inclusive,  from  the  heat 
of  combustion  of  the  fuel.  Frequently,  when  there  is  CO  in  the  flue  gases,  there  also 
will  be  small  amounts  of  unburned  hydrogen  and  hydrocarbon  gases  in  the  products  of 
combustion.  The  loss  represented  by  these  unburned  gases  may  easily  be  as  large  as 
that  resulting  from  the  presence  of  carbon  monoxide.  In  this  event,  item  7  of  the 
heat  balance  would  also  include  this  unmeasured  loss. 

Symbols  used  in  Equations  11  to  15  inclusive  are: 

hi  =  heat  loss  in  the  dry  chimney  gases,  Btu  per  pound  of  fuel. 

hz  —  heat  loss  in  water  vapor  from  combustion  of  hydrogen,  Btu  per  pound  of 

fuel. 

hz  =  heat  loss  in  water  vapor  in  combustion  air,  Btu  per  pound  of  fuel. 
ft*  =  heat  loss  from  incomplete  combustion  of  carbon,  Btu  per  pound  of  fuel. 
h&  =  heat  loss  from  unburned  carbon  in  the  ash,  Btu  per  pound  of  fuel. 
w&  =  weight  of  dry  flue  gas  per  pound  of  fuel  (from  Equation  6),  pounds. 
cp  =  mean  specific  heat  of  flue  gases  at  constant  pressure  (cp  ranges  from  0.242 

to  0.254  for  flue  gas  temperatures  from  300  F  to  1000  F)2,  Btu  per  pound. 
tK  =  temperature  of  flue  gases  at  exit  of  heating  device,  Fahrenheit  degrees. 
t*  —  temperature  of  combustion  air,  Fahrenheit  degrees. 
Hz  »  percentage  of  hydrogen  in  fuel  by  weight  from  ultimate  analysis  of  fuel 

as  fired. 
1091.8  —  enthalpy  of  saturated  water  vapor  at  a  temperature  of  70  F,  Btu  per 

pound. 
M  »  humidity  ratio  of  combustion  air,  pounds  of  water  vapor  per  pound  of 

dry  air. 
wa  as  weight  of  combustion  air  per  pound  of  fuel  used,  pounds,  from  Equations 

1,  2,  8,  and  9. 
CO,  C02  =  percentages  of  CO,  COa  in  flue  gases  by  volume. 

C  «  weight  of  carbon  burned  per  pound  of  fuel  corrected  for  carbon  in  ash, 

pounds. 

WC«  -  KVC. 

c         mw  (16) 

where 

Cu  »  percentage  of  carbon  in  the  fuel  by  weight  from  the  ultimate  analysis. 
WA  »  weight  of  ash  and  refuse,  pounds. 
C»  =»  per  cent  of  combustible  in  ash  by  weight  (combustible  in  ash  is  usually 

considered  to  be  carbon) . 
W  —  weight  of  fuel  used,  pounds. 

The  flue  gas  losses  listed  as  items  2,  3,  and  4  of  the  heat  balance  may  be 
determined  with  considerable  accuracy  from  the  curves  shown  in  Fig.  I2 
in  many  cases.  The  values  of  the  losses  plotted  for  fuel  oil  were  computed 
from  the  ultimate  analysis  of  a  typical  fuel  oil  used  in  domestic  burners, 
while  those  plotted  for  the  several  ranks  of  coal  were  computed  from  the 
typical  ultimate  analyses  shown  in  Table  1.  The  curves  for  medium 
volatile  bituminous  coal  may  be  used  for  high  volatile  bituminous  coal 
with  negligible  error.  Fig.  2  may  be  used  to  determine  the  flue  losses  when 
burning  manufactured  or  natural  gases. 

*  A  value  of  14600  applies  in  calculating  ash  pit  loss;  in  calculating  heat  of  formation  of  carbon  compounds 
use  14093  Btu  per  Ib. 
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FIRING  METHODS  FOR  ANTHRACITE 

An  anthracite  fire  should  never  be  poked  or  disturbed,  as  this  serves  to 
bring  ash  to  the  surface  of  the  fuel  bed,  where  it  may  melt  into  clinker, 

Egg  size  is  suitable  for  large  fire-pots  (grates  24  in.  and  over)  if  the  fuel 
can  be  fired  at  least  16  in.  deep.  For  best  results  this  coal  should  be  fired 
deeply. 

Stove  is  the  proper  size  of  anthracite  for  many  boilers  and  furnaces.  It 
burns  well  on  grates  at  least  16  in.  in  diameter  on  which  it  is  fired  about  12 
in.  deep.  The  fuel  should  be  fired  deeply  and  uniformly. 

Chestnut  size  coal  is  in  demand  for  fire-pots  up  to  20  in.  in  diameter,  and 
is  usually  fired  to  a  depth  of  from  10  to  15  in. 

Pea  size  coal  is  often  an  economical  fuel  to  burn.  When  fired  carefully 
pea  coal  can  be  burned  on  standard  grates.  Care  should  be  taken  to 
shake  the  grates  only  until  the  first  bright  coals  begin  to  fall  through  the 
grates.  The  fuel  bed,  after  a  new  fire  has  been  built,  should  be  increased 
in  thickness  by  the  addition  of  small  charges  until  it  is  at  least  level  with 
the  sill  of  the  fire-door.  A  satisfactory  method  of  firing  pea  coal  consists 
of  drawing  the  red  coals  toward  the  front  end,  and  piling  fresh  fuel  toward 
the  back  of  the  firebox. 

Pea  size  coal  requires  a  strong  draft,  and  therefore  the  best  results 
generally  will  be  obtained  by  keeping  the  choke  damper  open,  and  regu- 
lating solely  by  means  of  the  cold  air  check  and  the  air  inlet  damper. 

Buckwheat  size  coal,  for  best  results,  requires  more  attention  than  pea 
size  coal,  and  in  addition  the  smaller  size  of  the  fuel  makes  it  more  difficult 
to  burn  on  ordinary  grates.  Greater  care  must  be  taken  in  shaking  the 
grates  than  with  the  pea  coal  on  account  of  the  danger  of  having  fuel  fall 
through  the  grate.  In  house  heating  furnaces,  the  coal  should  be  fired 
lightly  and  more  frequently  than  pea  coal.  When  banking  a  buckwheat 
coal  fire,  it  is  advisable  after  coaling  to  expose  a  small  spot  of  hot  fire  by 
putting  a  straight  poker  down  through  the  bed  of  fresh  coal.  This  will 
serve  to  ignite  the  gas  that  will  be  distilled  from  the  fresh  coal  and  prevent 
delayed  ignition  within  the  fire  pot,  which  in  some  cases,  depending  upon 
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the  thickness  of  the  bed  of  fresh  coal,  is  severe  enough  to  blow  open  the 
doors  and  dampers  of  the  furnace.  Where  frequent  attention  can  be  given 
and  care  exercised  in  manipulation  of  the  grates,  this  fuel  can  be  burned 
satisfactorily  without  the  aid  of  any  special  equipment,  except  small  mesh 
grates. 

In  general,  it  will  be  found  more  satisfactory  with  buckwheat  coal  to 
maintain  a  uniform  heat  output  and,  consequently,  to  keep  the  system 
warm  all  the  time,  rather  than  to  allow  the  system  to  cool  off  at  times  and 
then  to  attempt  to  burn  the  fuel  at  a  high  rate  while  wanning  up.  A  uni- 
form low  fire  will  minimize  the  clinker  formation  and  keep  any  clinker 
formed  in  an  easily  broken  up  condition  so  that  it  readily  can  be  shaken 
through  the  grate.  Forced  draft  and  small  mesh  grates  or,  for  greater 
convenience,  domestic  stokers  are  frequently  used. 

Buckwheat  anthracite  No.  2,  or  rice  -size,  is  used  principally  in  stokers 
of  the  domestic,  commercial  and  industrial  type.  No.  3  buckwheat 
anthracite,  or  barley,  has  no  application  in  domestic  heating, 

FIRING  METHODS  FOR  BITUMINOUS  COAL 

A  commonly  recommended  procedure  for  firing  domestic  heating  units, 
called  the  side-bank  method,  requires  the  movement  of  live  coals  to  one 
side  or  the  back  of  the  grate,  and  placing  the  fresh  fuel  charge  on  the 
opposite  side.  The  results  are  a  more  uniform  release  of  volatile  gases, 
and  the  subjection  of  these  gases  to  the  high  temperature  of  the  red  coals. 
If  the  fresh  charge  is  covered  with  a  layer  of  fine  coal,  still  better  results 
may  be  obtained  because  of  slower  release  of  volatile  matter. 

Bituminous  coal  should  never  be  fired  over  the  entire  fuel  bed  at  one 
time.  A  portion  of  the  glowing  fuel  should  always  be  left  exposed  to 
ignite  the  gases  leaving  the  fresh  charge. 

The  importance  of  firing  bituminous  coal  in  small  quantities  at  short 
intervals  is  discussed  in  a  U.  S.  Bureau  of  Mines  technical  paper.1  Better 
combustion  is  obtained  by  this  method  in  that  the  fuel  supply  is  main- 
tained more  nearly  proportional  to  the  air  supply. 

If  the  coal  is  of  the  caking  kind,  the  fresh  charge  will  fuse  into  one  solid 
mass  which  can  be  broken  up  with  the  stoking  bar  and  leveled  from  20 
min  to  one  hour  after  firing,  depending  on  the  temperature  of  the  firebox. 
Care  should  be  exercised  when  stoking  not  to  bring  the  bar  up  to  the 
surface  of  the  fuel,  as  this  will  tend  to  bring  ash  into  the  high  temperature 
zone  at  the  top  of  the  fire,  where  it  will  melt  and  form  clinker.  The 
stoking  bar  should  be  kept  as  near  the  grate  as  possible,  and  should  be 
raised  only  enough  to  break  up  the  fuel.  With  fuels  requiring  stoking  it 
may  not  be  necessary  to  shake  the  grates,  as  the  ash  is  usually  dislodged 
during  stoking. 

It  is  acknowledged  that  it  may  be  difficult  to  apply  the  outlined 
methods  to  domestic  heating  boilers  of  small  size,  especially  when  frequent 
attendance  is  impracticable.  The  adherence  to  these  methods  insofar  as 
practicable,  however,  will  result  in  better  combustion. 

The  output  obtained  from  any  heater  with  bituminous  coal  will  usually 
exceed  that  obtained  with  anthracite,  since  bituminous  coal  burns  more 
rapidly  than  anthracite,  and  with  less  draft.  Bituminous  coal,  however, 
will  usually  require  frequent  attention  to  the  fuel  bed. 
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Preventing  Smoke 

In  general,  time,  temperature  and  turbulence  are  the  essential  require- 
ments for  smokeless  combustion.  Anything  that  can  be  done  to  increase 
any  one  of  these  factors  will  reduce  the  quantity  of  smoke  discharged. 
Especial  care  must  be  taken  in  hand-firing  bituminous  coals. 

Checker  or  alternate  firing,  in  which  the  fuel  is  fired  alternately  on 
separate  parts  of  the  grate,  maintains  a  higher  furnace  temperature  and 
thereby  decreases  the  amount  of  smoke. 

Coking  and  firing,  in  which  the  fuel  is  first  fired  close  to  the  firing  door 
and  the  coke  pushed  back  into  the  furnace  just  before  firing  again,  pro- 
duces the  same  effect.  The  volatiles  as  they  are  distilled  thus  have  to 
pass  over  the  hot  fuel  bed  where  they  will  be  burned  if  they  are  mixed  with 
sufficient  air,  and  are  not  cooled  too  quickly  by  the  heat-absorbing  surfaces 
of  the  boiler. 

Steam  or  compressed  air  jets,  admitted  over  the  fire,  create  turbulence 
in  the  furnace  and  bring  the  volatiles  of  the  fuel  more  quickly  into  contact 
with  the  air  required  for  combustion.  These  jets  are  especially  helpful 
for  the  first  few  minutes  after  each  firing.  Frequent  firings  of  small 
charges  shorten  the  smoking  period,  and  reduce  the  density.  Thinner 
fuel  beds  on  the  grate  increase  the  effective  combustion  space  in  the  fur- 
nace, supply  more  air  for  combustion,  and  are  sometimes  effective  in  reduc- 
ing the  smoke  emitted,  but  care  should  be  taken  that  holes  are  not  formed 
in  the  fire.  A  lower  volatile  coal  or  a  higher  A.P.I,  gravity  oil  always 
produces  less  smoke  than  a  high  volatile  coal  or  low  A. P./.  gravity  oil 
used  in  the  same  furnace  and  fired  in  the  same  manner. 

The  installation  of  more  modern  or  better  designed  fuel-burning  equip- 
ment, or  a  change  in  the  construction  of  the  furnace,,  will  often  reduce 
smoke.  The  installation  of  a  Dutch  oven  which  will  increase  the  furnace 
volume  and  raise  the  furnace  temperature  often  produces  satisfactory 
results. 

In  the  case  of  new  installations,  the  problem  of  smoke  abatement  can 
be  solved  by  the  selection  of  the  proper  fuel-burning  equipment  and 
furnace  design  for  the  particular  fuel  to  be  burned,  and  by  the  proper 
operation  of  that  equipment.  Constant  vigilance  is  necessary  to  make 
certain  that  the  equipment  is  properly  operated.  In  old  installations  the 
solution  of  the  problem  presents  many  difficulties,  and  a  considerable 
investment  in  special  apparatus  is  often  necessary. 

Lower  rates  of  combustion  per  square  foot  of  grate  area  will  reduce  the 
quantity  of  solid  matter  discharged  from  the  chimney  with  the  gases  of 
combustion.  The  burning  of  coke,  coking  coal,  and  sized  coal  from  which 
the  extremely  fine  coal  has  been  removed,  will  not,  as  a  general  rule-produce 
as  much  dust  and  cinders  as  will  result  from  the  burning  of  non-coking 
coals  and  slack  coals  when  they  are  burned  on  a  grate. 

Modern  boiler  installations  are  usually  designed  for  high  capacity  per 
square  foot  of  ground  area,  because  such  designs  give  the  lowest  cost  of 
construction  per  unit  of  capacity.  Designs  of  this  type  discharge  a  large 
quantity  of  dust  and  cinders  with  the  gases  of  combustion,  and  if  pol- 
lution of  the  atmosphere  is  to  be  prevented,  some  type  of  dust  and  cinder 
catcher  must  be  installed. 

FIRING  METHODS  FOR  SEMI-BITUMINOUS  COAL 

The  Pocahontas  Operators'  Association  recommends  the  central  cone 
method  of  firing,  in  which  the  coal  is  heaped  on  to  the  center  of  the  bed 
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forming  a  cone,  the  top  of  which,  should  be  level  with  the  middle  of  the 
firing  door.  This  allows  the  larger  lumps  to  fall  to  the  sides,  and  the  fines 
to  remain  in  the  center  and  be  coked.  The  poking  should  be  limited  to 
breaking  down  the  coke  without  stirring.  Grates  should  be  rocked  gently, 
It  is  recommended  that  the  slides  in  the  firing  door  be  kept  closed,  as  the 
thinner  fuel  bed  around  the  sides  allows  enough  air  to  get  through. 

FIRING  METHODS  FOR  COKE 

Coke  ignites  less  readily  than  bituminous  coal  and  more  readily  than 
anthracite  and  burns  rapidly  with  little  draft.  In  order  to  control  the  air 
admitted  to  the  fuel  it  is  very  important  that  all  openings  or  leaks  into 
the  ashpit  be  closed  tightly.  A  coke  fire  responds  rapidly  to  the  opening 
of  the  dampers.  This  is  an  advantage  in  warming  up  the  system,  but  it 
also  makes  it  necessary  to  watch  the  dampers  more  closely  in  order  to 
prevent  the  fire  from  burning  too  rapidly.  In  order  to  obtain  the  same 
interval  of  attention  as  with  other  fuels  a  deep  fuel  bed  always  should  be 
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FIG.  3.  COMBUSTION  OF  FUEL  IN  A  HAND-FIBED  FURNACE 

maintained  when  burning  coke.  The  grates  should  be  shaken  only 
slightly  in  mild  weather  and  should  be  shaken  only  until  the  first  red 
particles  drop  from  the  grates  in  cold  weather.  The  best  size  of  coke  for 
general  use,  for  small  fire-pots  where  the  fuel  depth  is  not  over  20  in.,  is 
that  which  passes  over  a  1  in.  screen  and  through  a  1|  in.  screen.  For 
large  fire-pots  where,  the  fuel  can  be  fired  over  20  in.  deep,  coke  which 
passes  over  a  1  in.  screen  and  through  a  3  in.  screen  can  be  used,  but  a 
coke  of  uniform  size  is  always  more  satisfactory.  Large  sizes  of  coke 
should  be  either  mixed  with  fine  sizes  or  broken  up  before  using. 

SECONDARY  AIR 

When  bituminous  coal  is  hand-fired  in  a  furnace  the  volatile  matter  in 
the  fuel  distills  off  leaving  coke  on  the  grate.  The  product  of  combustion 
of  the  coke  is  GO*  and  under  certain  conditions  some  CO  may  arise  from 
the  bed.  The  combustion  of  the  volatile  matter  and  the  CO  may  amount 
to  the  liberation  of  from  40  to  60  per  cent  of  the  heat  in  the  fuel  in  the 
combustion  space  over  the  fuel  bed. 

The  air  that  passes  through  the  fuel  bed  is  called  primary  qUr  and  the 
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air  that  is  admitted  over  the  fuel  bed  in  order  to  burn  the  volatile  matter 
and  CO  is  called  secondary  air. 

This  process  of  combustion  is  illustrated  in  Fig.  3.5  The  free  oxygen  of 
the  air  passes  through  ^the  grate  and  the  ash  above  it,  and  burns  the  carbon 
in  the  lower  3  or  4  in.  of  the  fuel  bed  forming  carbon  dioxide.  This 
layer  noted  as  the  oxidizing  zone  is  indicated  by  the  symbols  COZ  and  02. 
Some  of  the  carbon  dioxide  of  the  oxidizing  zone  is  reduced  to  carbon 
monoxide  in  the  upper  layer  of  the  fuel  bed,  noted  as  the  reducing  zone 
and  indicated  by  the  symbols  C02  and  CO.  The  gases  leaving  the  fuel 
bed  are  mainly  carbon  monoxide,  carbon  dioxide,  nitrogen,  and  a  small 
amount  of  free  oxygen.  Free  oxygen  is  admitted  through  the  firing  door 
in  an  attempt  to  burn  carbon  monoxide,  and  the  volatile  combustible 
distilled  from  the  freshly  fired  fuel. 

The  division  of  the  total  into  primary  and  secondary  air  necessary  to 
produce  the  same  rate  of  burning  and  the  same  excess  air,  depends  on  a 
number  of  factors  which  include  size  and  type  of  fuel,  depth  of  fuel  bed, 
and  size  of  fire-pot. 

Size  of  the  fuel  is  a  very  important  factor  in  fixing  the  quantity  of  second- 
ary air  required  for  non-caking  coals.  With  caking  coals  it  is  not  so 
important,  because  small  pieces  fuse  together  and  form  large  lumps. 
Fortunately,  a  smaller  size  fuel  gives  more  resistance  to  air  flow  through 
the  fuel  bed,  and  thus  automatically  causes  a  larger  draft  above  the  fuel 
bed,  which  draws  in  more  secondary  air  through  the  same  slot  openings, 
but,  nevertheless,  the  smallest  size  of  fuel  will  require  the  largest  second- 
ary air  openings.  For  certain  sizes  of  fuel,  no  secondary  air  openings  are 
required,  and  for  large  sizes,  too  much  excess  air  may  pass  through  the 
fuel  bed. 

In  general,  the  efficiency  of  domestic  hand-fired  furnaces  and  boilers 
burning  either  anthracite  or  bituminous  coal,  can  be  increased  for  an 
hour  or  two  after  firing,  if  some  secondary  air  is  admitted  through  the 
slots  of  the  fire  door.  However,  unless  the  slots  are  closed  when  secondary 
air  is  no  longer  beneficial,  the  decrease  in  efficiency  during  the  remainder 
of  the  firing  cycle,  because  of  excess  air,  may  more  than  offset  the  gain 
resulting  from  the  secondary  air  at  the  beginning  of  the  firing  period. 
Unless  the  secondary  air  can  be  readjusted  between  firings,  it  is  probable 
that  a  greater  average  efficiency  will  be  obtained  for  domestic  hand-fired 
devices  by  leaving  the  secondary  air  slots  closed  at  all  times.  There  is 
usually  an  appreciable  amount  of  air  leakage  around  the  firing  door  and 
secondary  air  slots  of  domestic  furnaces  and  boilers. 

When  attention  is  given  between  firings,  the  efficiency  of  combustion 
can  be  appreciably  raised  by  admitting  secondary  air  over  a  bituminous 
coal  fire,  to  burn  the  gases  and  reduce  the  smoke.  The  smoke  produced 
is  a  good  indicator,  and  that  opening  is  best  which  reduces  the  smoke  to  a 
minimum.  Too  much  secondary  air  will  cool  the  gases  below  the  ignition 
point,  and  prove  harmful  instead  of  beneficial. 

Secondary  air  that  enters  the  combustion  chamber  too  far  removed 
from  the  zone  of  combustion,  will  also  be  harmful,  because  the  oxygen  in 
the  secondary  air  will  not  react  with  any  unburned  gases,  unless  the  mixture 
is  subjected  to  high  temperatures. 

The  air  requirements  of  oil  and  gas  burners  are  discussed  in  Chapter  14, 
Automatic  Fuel  Burning  Equipment. 
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DRAFT  REQUIREMENTS 

The  draft  required  to  effect  a  given  rate  of  burning  the  fuel  is  dependent 
on  the  following  factors:  (1)  kind  and  size  of  fuel;  (2)  grate  area;  (3)  thick- 
ness of  fuel  bed;  (4)  type  and  amount  of  ash  and  clinker  accumulation;  (5) 
amount  of  excess  air  present  in  the  gases;  (6)  resistance  offered  by  the 
boiler  passes  to  the  flow  of  the  gases;  and  (7)  accumulation  of  soot  in  the 
passes* 

Insufficient  draft  will  necessitate  additional  manipulation  of  the  fuel 
bed,  and  more  frequent  cleanings  to  keep  its  resistance  down.  Insufficient 
draft  also  restricts  the  control  that  can  be  accomplished  by  adjustment 
of  the  dampers.  For  draft  requirements  see  Chapter  16. 

The  quantity  of  excess  air  present  has  a  marked  effect  on  the  draft 
required  to  produce  a  given  rate  of  burning.  If  the  excess  is  caused  by 
holes  in  the  fuel  bed,  or  an  extremely  thin  fuel  bed,  it  is  often  possible  to 
produce  a  higher  rate  of  burning  by  increasing  the  thickness  of  the  bed. 
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FIG.  4.  METHODS  OF  DRAFT  REGULATION  IN  A  HAND-FIKED  FURNACE 

The  thickness  of  the  fuel  bed  should  not,  however,  be  increased  too  much, 
because  the  increased  draft  resistance  will  reduce  the  rate  of  primary  air 
supply  and  the  rate  of  burning. 

DRAFT  REGULATION 

Because  of  the  varying  heating  load  demands  present  in  most  instal- 
lations, it  is  necessary  to  vary  the  rate  of  fuel  burning.  The  maintenance 
of  the  proper  air  supply  for  the  various  rates  of  burning  is  accomplished 
by  regulation  of  the  drafts.  Methods  of  draft  regulation  used  for  solid  fuel 
are  shown  in  Fig.  4.  The  air  enters  through  the  ashpit  draft  door,  firing 
door,  and  by  leaks  in  the  setting,  whereas  the  gases  leave  only  through  the 
outlet.  By  throttling  the  gases  with  the  damper  in  the  outlet  all  the  air 
entering  by  ^  each  of  the  three  intakes  is  reduced  in  the  same  proportion, 
thus  maintaining  about  the  same  per  cent  of  excess  air.  If  inlet  air  is  con- 
trolled by  the  ashpit  draft  door,  the  air  admitted  through  the  ashpit  is 
reduced,  while  it  is  increased  through  the  other  two  intake  openings, 
resulting  in  an  increase  of  excess  air.  A  considerable  increase  in  the 
efficiency  of  hand-fired  furnaces  and  boilers  can  be  realized  by  regulating 
the  air  supply  by  means  of  the  damper  in  the  outlet  instead  of  the  ashpit 
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damper.  Use  of  the  ashpit  damper  is  required,  of  course,  for  low  rates 
of  combustion.  The  cold  air  check  damper  is  to  be  used  only  when 
chimney  draft  is  excessive.  It  is  normally  closed  unless  closing  of  the 
outlet  damper  and  ashpit  damper  is  unable  to  control  the  rate  of 
combustion. 

Methods  of  control  of  draft  conditions,  when  burning  oil  or  gas,  are 
noted  in  Chapter  14,  Automatic  Fuel  Burning  Equipment. 

FURNACE  VOLUME 

The  principal  requirements  for  a  hand-fired  furnace  are  that  it  shall  have 
enough  grate  area  and  correctly  proportioned  combustion  space.  The 
amount  of  grate  area  required  is  dependent  upon  the  desired  combus- 
tion rate. 

The  furnace  volume  is  influenced  by  the  kind  of  coal  used.  Bituminous 
coals,  on  account  of  their  long-flaming  characteristic,  require  more  space 
in  which  to  burn  the  gases  of  combustion  completely  than  do  the  coals 
low  in  volatile  matter.  For  burning  high  volatile  coals,  provision  should 
be  made  for  mixing  the  combustible  gases  thoroughly,  so  that  combustion 

TABLE  10.    AVERAGE  FLUB  GAS  DEW-POINT  FOE  VARIOUS  FUELS" 


TYPE  OF  FUEL 

AVERAGE  DEW-POINT 
TEMPERATURE,  F 

Anthracite  

68 

Semi-  Bituminous  Coal  

84 

Bituminous  Coal     >  ..*  *  

93 

Oil       ... 

111 

Natural  Gas                ...                  , 

127 

Manufactured  Gas  

137 

is  complete  before  the  gases  come  in  contact  with  the  relatively  cool 
heating  surfaces.  An  abrupt  change  in  the  direction  of  flow  tends  to  mix 
the  gases  of  combustion  more  thoroughly.  Anthracite  requires  com- 
paratively little  combustion  space. 

COMBUSTION  OF  GAS 

The  majority  of  gas  burners  utilized  in  central  domestic  heating  plants 
are  of  the  Bunsen  type  and  operate  with  a  non-luminous  flame.  In  this 
type  of  burner  part  of  the  air  required  for  combustion  is  mixed  with  the 
gas  as  primary  air,  the  air  and  gas  mixture  being  fed  to  the  burner  ports. 
Additional  secondary  air  is  introduced  around  the  flame  by  draft  inspira- 
tion inherent  in  the  appliance.  In  the  luminous  flame  burner,  which  is 
sometimes  used,  all  of  the  air  for  combustion  is  brought  in  contact  with 
the  flame  as  secondary  air.  This  secondary  air  should  be  brought  into 
intimate  contact  with  the  gas. 

Some  makes  of  burners  use  radiants  or  refractories  to  convert  some  of 
the  energy  in  the  gas  to  radiant  heat,  The  radiants  also  serve  as  baffles 
in  directing  the  flow  of  the  products  of  combustion. 

With  a  properly  designed  and  installed  conversion  burner,  the  excess  air 
can  be  kept  low.  Gas  designed  furnaces  and  boilers  approved  by  the 
A.G.A.  should  have  no  changes  made  on  them  which  would  change  excess 
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air,  as  they  have  been  tested  as  built  for  good  combustion  and  efficiency. 
In  order  to  insure  freedom  from  carbon  monoxide  under  conditions  which 
may  obtain  in  installations,  it  is  customary  to  design  gas  burning  appli- 
ances for  a  supply  of  30  to  35  per  cent  of  excess  air.  In  individual  installa- 
tions in  which  flue  gas  analyses  are  made,  the  excess  air  is  sometimes  re- 
duced to  approximately  20  per  cent.  The  division  of  the  air  into  primary 
and  secondary,  is  a  matter  of  burner  design,  the  pressure  of  gas  available, 
and  the  type  of  flame  desired. 

The  air  gas  ratio  in  the  burner  head  has  a  decided  effect  upon  flame  propa- 
gation. It  is  necessary  that  the  gas  will  flow  out  of  the  burner  ports 
fast  enough  so  that  the  flame  cannot  travel  back  into  the  burner  head,  i.e., 
flash  back,  but  the  velocity  must  not  be  so  high  that  it  blows  the  flame 
away  from  the  port. 

The  maximum  and  minimum  permissible  flow  speeds  from  burner  ports 
are  known  to  be  very  close  together  when  air-gas  mixtures  in  theoretical 
proportions  are  being  supplied  to  the  burner.  As  the  air-gas  ratio  is  low- 
ered, and  the  mixture  becomes  more  gas  ncft,  the  limiting  speeds  become 
farther  apart,  until  with  100  per  cent  gas,  in  an  all-yellow  flame,  flash  back 
cannot  occur  and  a  much  higher  velocity  is  needed  to  blow  the  flames  off 
the  burner  ports. 

SOOT 

The  deposit  of  soot  on  the  flue  surfaces  of  a  boiler  or  heater  acts  as  an 
insulating  layer  over  the  surface  and  reduces  the  heat  transmission  to  the 
water  or  air.  The  Bureau  of  Mines  Report  of  Investigations  No.  32726 
shows  that  the  loss  of  seasonal  efficiency  is  not  so  great  as  has  been  be- 
lieved, and  usually  is  not  over  6  per  cent  because  the  greater  part  of  the 
heat  is  transmitted  through  the  combustion  chamber  surfaces.  The 
Bureau  of  Standards  Report  BMS  547  points  out  that,  although  the  de- 
crease in  efficiency  of  an  oil  fired  boiler,  due  to  soot  deposits,  is  relatively 
small,  the  attendant  increase  in  stack  temperature  may  be  considerable. 

The  soot  accumulation  clogs  the  flues,  reduces  the  draft,  and  may  pre- 
vent proper  combustion.  Soot  can  probably  be  most  effectively  removed 
by  a  jet  of  compressed  air,  by  means  of  a  brush,  or  a  vacuum  cleaner. 
However,  it  has  been  found  that  copper  chloride,  lead  chloride,  tin  chloride, 
zinc  chloride,  common  salt  and  some  other  salts  are  partially  effective  in 
removing  soot  from  furnaces  and  boilers  when  properly  used.8 

CONDENSATION  AND  CORROSION 

Sulfur  dioxide  or  sulfur  trioxide  formed  by  the  combustion  of  sulfur  in 
fuels,  is  the  principal  corroding  element  in  flue  gases,  and  becomes  active 
whenever  moisture  is  present  for  the  formation  of  sulfurous  or  sulfuric 
add.9  It  is  necessary,  therefore,  to  maintain  a  flue  gas  temperature  in 
excess  of  the  dew-point  temperature  of  the  flue  gases  in  all  parts  of 
appliances,  unless  they  are  made  of  materials  that  will  resist  these  cor- 
rosive influences.  It  is  usually  desirable  to  maintain  a  flue  gas  tempera- 
ture above  the  dew-point  temperature  throughout  the  heating  appliance 
and  the  chimney  or  smokestack,  because  of  these  same  corrosive  effects. 
The  average  dew-point  temperatures  of  the  flue  gases  from  the  several 
fuels,  when  burned  with  the  amount  of  excess  air  usually  supplied  to 
insure  complete  combustion,  are  shown  in  Table  10. 


Fuels  and  Combustion  327 

REFERENCES 

1  Five  Hundred  Tests  of  Various  Coals  in  Househeating  Boilers  (E7.  8.  Bureau  of 
Mines  Bulletin  No.  276). 

2  Combustion  Efficiencies  as  Related  to  Performance  of  Domestic  Heating  Plants, 
by  A.  P.  Kratz,  S.  Konzo  andD.  W.  Thompson  (University  of  Illinois,  Engineering 
Experiment  Station  Circular  No.  44). 

3  Quality  of  Anthracite  as  Prepared  at  Breakers,  1935  (17.  S.  Bureau  of  Mines 
Report  of  Investigation,  R.  I.  3283). 

4  Plotted  from  Charts  8  and  9,  p.  281,    Gaseous  Fuels  (American  Gas  Association, 


5  Hand  Firing  Soft  Coal  Under  Power  Plant  Boilers  (U.  S.  Bureau  of  Mines  Tech- 
nical Paper  No,  80). 

8  Effect  of  Soot  on  Heat  Transmission  in  Boilers  (U.  S.  Bureau  of  Mines  Report 
of  Investigation  No.  3272). 

7  Effect  of  Soot  on  the  Rating  of  an  Oil-Fired  Heating  Boiler  (National  Bureau  of 
Standards  Report  BMS  54)  . 

8  Removal  of  Soot  from  Furnaces  and  Flues  by  the  Use  of  Salts  and  Compounds, 
by  P.  Nicholls  and  C.  W.  Staples  (17.  S.  Bureau  of  Mines  Bulletin  No.  360). 

9  Condensation  of  Moisture  in  Flues,  by  William  R.  Morgan  (University  of  Illinois, 
Engineering  Experiment  Station  Circular  No.  22). 

BIBLIOGRAPHY 

Fuels  and  Their  Combustion,  by  Haslam  and  Russell  (McGraw-Hill  Co.,  1926). 

Principles  of  Combustion  in  the  Steam  Boiler  Furnace,  by  Arthur  D.  Pratt  (Bab- 
cock  and  Wilcox  Co.). 

Smoke-Producing  Tendencies  in  Coals  of  Various  Ranks,  by  H.  J.  Rose  and'F.  P. 
Lasseter  (A.S.E.V.E.  TRANSACTIONS,  Vol.  45,  1939,  p.  329). 

Fundamentals  of  Combustion  in  Small  Stokers,  by  C.  A.  Barnes  (Bituminous  Coal 
Research,  /rac.,  Technical  Report  No,  IV). 

Hand-Firing  of  Bituminous  Coal  in  the  Home,  by  A.  P.  Kratz,  J.  R.  Fellows,  and 
J.  C.  Miles  (Illinois  Engineering  Experiment  Station  Circular  No.  46). 

Classification  and  Selection  of  Illinois  Coals,  by  G.  H.  Cady  (Illinois  State  Geo- 
logical Survey  Bulletin  No.  62). 

Bituminous  Coal  Research,  Inc.: 

Technical  Report  VI,  The  Treatment  of  Coal  with  Oil  and  Other  Petroleum  Prod- 

ucts, by  J.  M.  Pilcher  and  R.  A.  Sherman, 

Information  Bulletin  No.  4,  Dustless  Treatment  of  Coals  with  Materials  Other 

Than  Oil,  by  R.  A.  Sherman  and  G.  W.  Land. 

Information  Bulletin  No.  6,  Questions  and  Answers  on  the  Use  of  Fuel  Oil  for  Bust- 

less  Treatment. 

Technical  Report  VII—  Application  of  Overfire  Air  Jets,  by  R.  B.  Engdahl. 

Bureau  of  Mines  Publications: 

Bulletin  No.  97,  Sampling  and  Analyzing  Flue  Gases,  by  Henry  Kreisinger  and 

F.  K.  Ovitz. 

Report  of  Investigations  (R,  I.  2980),  Coke  as  a  Domestic  Heating  Fuel,  by  P» 

Nicholls  and  B.  A.  Landry, 

Technical  Paper  No.  303,  Value  of  Coke,  Anthracite,  and  Bituminous  Coal  for 

Generating  Steam  in  a  Low-pressure  Cast-Iron  Boiler,  by  John  Blizard,  James 

Neil,  and  F.  C.  Bought  en. 

Bulletin  378,  Effect  of  Preheat,  and  Distribution  of  Ash  in  Fuel  Beds,  by  P* 

Nicholls. 

Handbook,  Questions  and  Answers  for  the  Home  Fireman  (Revised),  by  J.  F, 

Barkley, 

Anthracite  Industries  Laboratories  Publications: 

Report  2015,  Comparison  of  Sizes,  Egg,  Stove  and  Chestnut  Anthracite, 
Report  20)8,  Domestic  Survey. 


328  CHAPTER  13  1950  Gdde 

Report  2062,  Utilization  of  Anthracite  for  Domestic  Heating, 
Report  2204,  The  Crater  Method  of  Firing. 
Report  2403,  Anthracite  Industries  Manual. 

Oil  and  Gas  Publications: 

Oil  Fuels  and  Burners,  by  James  A.  Moyer  (McGraw-Hill  Co.,  1937), 
Handbook  of  Oil  Burning,  by  Harry  F.  Tapp  (American  Oil  Burner  Association'). 
Industrial  Gas  Series,  Combustion  (American  Gas  Aisociation), 
Comfort  Heating  (American  Gas  Association), 
Gaseous  Fuels  (American  Gas  Association,  1948). 


CHAPTER  14 

AUTOMATIC  FUEL  BURNING  EQUIPMENT 

Classification  of  Stokers,  Combustion  Process  and  Adjustments,  Furnace  Design, 

Rating;  Classification  of  Oil  Burners,  Combustion  Process,  Combustion  Chamber 

Design;    Classification    of    Gas-Fired    Heating    Equipment,    Combustion 

Process,  Ratings;  Sizing  of  Gas  Piping,  Fuel  Burning  Rates 


AUTOMATIC  mechanical  equipment  for  the  combustion  of  solid, 
Xj^  liquid,  and  gaseous  fuels  is  considered  in  this  chapter. 

MECHANICAL  STOKERS 

A  mechanical  stoker  is  a  device  that  feeds  a  solid  fuel  into  a  combustion 
chamber,  provides  a  supply  of  air  for  burning  the  fuel  under  automatic 
control  and,  in  some  cases,  incorporates  a  means  of  removing  the  ash  and 
refuse  of  combustion  automatically.  Coal  can  be  burned  more  efficiently 
by  a  mechanical  stoker  than  by  hand  firing  because  the  stoker  provides  a 
uniform  rate  of  fuel  feed,  better  distribution  in  the  fuel  bed  and  positive 
control  of  the  air  supplied  for  combustion. 

CLASSIFICATION    OF    STOKERS    ACCORDING    TO     CAPACITY 

Stokers  may  be  classified  according  to  their  coal  feeding  rates.  The 
following  classification  has  been  made  by  the  U.  8.  Department  of  Com- 
merce, in  cooperation  with  the  Stoker  Manufacturers  Association. 

Class  1.  Capacity  under  61  Ib  of  coal  per  hour. 

Class  2.  Capacity  61  to  100  Ib  of  coal  per  hour. 

Class  3.  Capacity  101  to  300  Ib  of  coal  per  hour. 

Class  4.  Capacity  300  to  1200  Ib  of  coal  per  hour. 

Class  5.  Capacity  1200  Ib  of  coal  per  hour  and  over. 

Class  I  Stokers 

These  stokers  are  used  primarily  for  home  heating  and  are  designed  for 
quiet,  automatic  operation.  Simple,  trouble-free  construction  and  at- 
tractive appearance  are  desirable  characteristics  of  these  small  units. 

A  common  stoker  in  this  class  (Fig.  1)  consists  essentially  of  a  coal  hopper, 
a  screw  for  conveying  the  coal  from  the  hopper  to  the  retort,  a  fan  which 
supplies  the  air  for  combustion,  a  transmission  for  driving  the  coal  feed 
worm,  and  an  electric  motor  for  supplying  power  for  coal  feed  and  air 
supply. 

Air  for  combustion  is  admitted  to  the  fuel  through  tuyeres  at  the  top 
of  the  retort  which  may  be  either  round  or  rectangular.  Stokers  in  this 
class  are  made  for  burning  anthracite,  bituminous,  semi-bituminous,  and 
lignite  coals,  and  coke.  The  U.  S.  Department  of  Commerce  has  issued 
commercial  standards  for  household  anthracite  stokers1. 

Units  are  available  in  either  the  hopper  type,  as  shown  in  Fig.  1,  or  in 
the  bin-feed  type  as  shown  in  Figs.  2  and  3.  Some  stokers,  particularly 
those  designed  for  use  with  anthracite,  automatically  remove  ash  from 
the  ash  pit  and  deposit  it  in  an  ash  receptacle  as  shown  in  Fig.  3.  Most 
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of  tlie  bituminous  models,  however,  require  removal  of  the  ash  from  the 
fuel  bed  after  it  is  fused  into  a  clinker. 

Stokers  in  this  class  feed  coal  to  the  furnace  intermittently  in  accordance 
with  temperature  or  pressure  demands.  A  special  control  is  used  to  insure 
sufficient  stoker  operation  to  maintain  a  fire  during  periods  when  no^  heat  is 
required.  Where  year-round  domestic  hot  water  is  supplied  by  a  boiler  and 
indirect  water  heater  connected  to  a  storage  tank,  the  stoker  will  usually  be 
called  on  to  operate  often  enough  to  maintain  the  fire. 

Stoker-Fired  Boiler  and  Furnace  Units 

Boilers,  air  conditioners,  and  space  heaters  especially  designed  for 
stokers  are  available  having  design  features  closely  coordinating  the  heat 
absorber  and  the  stoker.  Although  efficient  and  satisfactory  performance 
can  be  obtained  from  the  application  of  stokers  to  existing  boilers  and 


hopper 


FIG.  1.  UNDEBFEED  STOKBB,  HOPPER  TYPE,  CLASS  1 
fr 


FIG.  2.  UNDEKFEED  STOKER,  BIN  FEED  TYPE,  CLASS  1 

furnaces,  some  of  the  combination  stoker-fired  units  (Fig.  4)  are  more 
compact  and  attractive  in  appearance. 

Class  2  and  3  Stokers 

Stokers  in  this  class  are  usually  of  the  screw  feed  type  without  auxiliary 
plungers  or  other  means  of  distributing  the  coal.  They  are  used  exten- 
sively for  heating  plants  in  apartments  and  hotels,  also,  for  industrial 
plants.  They  are  of  the  underfeed  type  and  are  available  in  both  the  hop- 
per type,  as  illustrated  in  Fig.  5,  and  the  bin  feed  type,  shown  in  Fig.  6. 
These  units  also  are  built  in  plunger  feed  type  with  an  electric  motor  or 
a  steam  or  hydraulic  cylinder  coal  feed  drive. 

Stokers  in  this  class  are  available  for  burning  all  types  of  anthracite, 
bituminous  and  lignite  coals.  The  tuyere  and  retort  design  varies  accord- 
ing to  the  fuel  and  load  conditions  Stationary  type  grates  are  used  on 
bituminous  models  and  the  clinkers  formed  from  the  ash  accumulate  on 
the  grates  surrounding  the  retort. 

Anthracite  stokers  in  this  class  are  equipped  with  moving  grates  which 
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discharge  the  ash  into  a  pit  below  the  grate.  This  ash  pit  may  be  located 
on  one  or  both  sides  of  the  grate  and  on  some  installations  is  of  sufficient 
capacity  to  hold  the  ash  for  several  weeks'  operation. 

Class  4  Stokers 

Stokers  in  this  group  vary  widely  in  details  of  design  and  several  methods 
of  feeding  coal  are  employed.  The  underfeed  stoker  is  widely  used,  al- 
though a  number  of  the  overfeed  types  are  used  in  the  larger  sizes.  Bin- 
feed,  as  well  as  hopper  models,  are  available  in  both  underfeed  and  overfeed 
types. 

Class  5  Stokers 

The  prevalent  stokers  in  this  field  are:  (1)  underfeed  side  cleaning, 
(2)  underfeed  rear  cleaning,  (3)  overfeed  flat  grate,  and  (4)  overfeed  inclined 
grate. 

Underfeed  side  cleaning  stokers  are  made  in  sizes  up  to  approximately 
500  boiler  horsepower,  They  are  not  so  varied  in  design  as  those  in  the 
smaller  classes,  although  the  principle  of  operation  is  similar.  A  stoker 
of  this  type  is  illustrated  in  Fig.  7. 

The  rear  cleaning  underfeed  stoker  is  usually  of  the  multiple  retort 
design  and  is  used  in  some  of  the  largest  industrial  plants  and  central 
power  stations.  Zoned  air  control  has  been  applied  to  these  stokers,  both 
longitudinally  and  transversely  of  the  grate  surface. 

The  overfeed  flat  grate  stoker  is  represented  by  the  various  chain — or 
traveling-grate  stokers.  A  typical  traveling-gi*ate  stoker  is  illustrated 
in  Fig.  8. 

Another  distinct  type  of  overfeed  flat-grate  stoker  is  the  spreader  (Figs.  9 
and  10)  type  in  which  coal  is  distributed  either  by  rotating  paddles  or  by 
air  over  the  entire  grate  surface.  This  type  of  stoker  is  adapted  to  a  wide 
range  of  fuels  and  has  a  wide  application  on  small  sized  fuels,  and  on  fuels 
such  as  lignites,  high-ash  coals,  and  coke  breeze. 

The  overfeed  inclined-grate  stoker  operates  on  the  same  general  com- 
bustion principle  as  the  flat-grate  stoker,  the  main  difference  being  that 
rocking  grates,  set  on  an  incline,  are  provided  in  the  former  to  advance 
the  fuel  during  combustion. 

Combustion  Process 

In  anthracite  stokers  of  the  Class  1  underfeed  type,  burning  takes 
place  entirely  within  the  stoker  retort.  The  refuse  of  combustion  spills 
over  the  edge  of  the  retort  into  an  ash  pit  or  receptacle  from  which  it  may 
be  removed  either  manually  or  automatically. 

Larger  underfeed  anthracite  stokers  operate  on  the  same  principle, 
except  that  the  retort  is  rectangular  and  the  refuse  spills  over  only  one 
or  two  sides  of  the  grate.  Anthracite  for  stoker  firing  is  usually  the  No.  1 
buckwheat  or  No.  2  buckwheat  size. 

Because  the  majority  of  the  smaller  bituminous  coal  stokers  operate  on 
the  underfeed  principle,  a  general  description  of  their  operation  is  given. 
When  the  coal  is  fed  into  the  retort,  it  moves  upward  toward  the  zone  of 
combustion  and  is  heated  by  conduction  and  radiation  from  the  burning 
fuel  in  the  combustion  zone.  As  the  temperature  of  the  coal  rises,  it 
gives  off  moisture  and  occluded  gases,  which  are  largely  non-combustibles 
When  the  temperature  increases  to  around  700  or  800  F  the  coal  particle, 
become  plastic,  the  degree  of  plasticity  varying  with  the  type  of  coal. 
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A-&tffi^^ 
FIG.  3.  UNDERFEED  ANTHRACITE  STOKER  WITH  AUTOMATIC  ASH  REMVOVAL,  BIN  TYPE 


Feed  screw—/ 

FIG.  4.  STOKER-FIRED  WINTER  AIR  CONDITIONING  UNIT 


FIG.  5.  UNDERFEED  SCREW  STOKER,  HOPPER  TYPE,  CLASS  2,  3  OR  4 

A  rapid  evolution  of  the  combustible  volatile  matter  occurs  during  and 
directly  after  the  plastic  stage.  The  distillation  of  volatile  matter  con- 
tinues above  the  plastic  zone  where  the  coal  is  coked.  The  strength  and 
porosity  of  the  coke  formed  will  vary  according  to  the  size  and  character- 
istics of  the  coal.  While  some  of  the  ash  fuses  into  particles  on  the  surface 
of  the  coke  as  it  is  released,  most  of  it  remains  on  the  hearth  or  grates  and, 
as  this  ash  layer  becomes  thicker  with  time,  that  portion  exposed  to  the 
higher  temperatures  surrounding  the  t etort  fuses  into  a  clinker.  The 
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FIG.  6.  UNDERFEED  SCREW  STOKER,  BIN  TYPE,  CLASS  2,  3  OR  4 
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FIG.  7.  UNDEEFEED  SIDE  CLEANING  STOKER 
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FIG.  8.  OVERFEED  TRAVELING-GRATE  STOKER 

temperature  in  the  fuel  bed,  the  chemical  composition  and  homogeneity 
of  the  ash,  and  the  time  of  heating  govern  the  degree  of  fusion. 

Most  bituminous  coal  stokers  of  Classes  1,  2,  3  and  4  require  manual 
removal  of  the  aSh  in  clinker  form. 
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In  the  underfeed  side-cleaning  stokers  the  fuel  is  introduced  at  the  front 
of  the  furnace  to  one  or  more  retorts,  and  is  advanced  away  from  the 
retort  as  combustion  progresses,  while  finally  the  ash  is  disposed  of  at  the 
sides.  This  type  of  stoker  is  suitable  for  all  bituminous  coals  while  in  the 
smaller  sizes  it  is  suitable  for  small  sizes  of  anthracite.  In  this  type  of 
stoker  the  fuel  is  delivered  to  a  retort  beneath  the  fire  and  is  raised  into  the 
fire.  During  this  process  the  volatile  gases  are  released,  are  mixed  with  air, 
and  pass  through  the  fire  where  they  are  burned.  The  ash  may  be  con- 
tinuously or  periodically  discharged  at  the  sides. 

The  underfeed  rear-cleaning  stoker  accomplishes  combustion  in  much 
the  same  manner  as  the  side-cleaning  type,  but  consists  of  several  retorts 
placed  side  by  side  and  filling  up  the  furnace  width,  while  the  ash  disposal 
is  at  the  rear.  In  principle,  its  operation  is  the  same  as  the  side-cleaning 
underfeed  type. 

Overfeed  flat-grate  stokers  receive  fuel  at  the  front  of  the  grate  in  a 


FIG.  9.  OVEKFEED  SPREADER  STOKER  (ROTOR  TTPE) 

layer  of  uniform  thickness  and  move  it  horizontally  to  the  rear  of  the 
furnace.  Air  is  supplied  under  the  moving  grate  to  carry  on  combustion 
at  a  sufficient  rate  to  complete  the  burning  of  the  ooal  near  the  rear  of  the 
furnace.  The  ash  is  carried  over  the  back  end  of  the  stoker  into  an  ash 
pit  beneath.  This  type  of  stoker  is  suitable  for  small  sizes  of  anthracite 
or  coke  breeze,  and  also  for  bituminous  coals,  the  characteristics  of  which 
make  it  desirable  to  burn  the  fuel  without  disturbing  it.  This  type  of 
stoker  requires  an  arch  over  the  front  of  the  fuel  bed  to  maintain  ignition  of 
the  incoming  fuel  and,  frequently  a  rear  combustion  arch. 

In  addition  to  the  use  of  rocking  grates,  the  overfeed  inclined-grate 
stoker  is  provided  with  a,n  ash  plate  on  which  ash  is  accumulated  and 
dumped  periodically.  This  type  of  stoker  is  suitable  for  all  types  of  coking 
fuels  but  preferably  for  those  of  low  volatile  content.  Its  grate  action  keeps 
the  fuel  bed  broken  up  thereby  allowing  free  passage  of  air.  Because  of  its 
agitating  effect  on  the  fuel  it  is  not  desirable  for  badly  clinkering  coals.  It 
usually  should  be  provided  with  a  front  arch  to  ignite  the  volatile  gases. 

Combustion  Adjustments 
The  coal  feeding  rate  and  air  supply  to  the  stoker  should  be  regulated  so 


Automatic  Fuel  Burning  Equipment 


335 


as  to  maintain  a  balance  between  the  load  demand  and  the  heat  liberated  by 
the  fuel.  Under  such  conditions  no  manual  attention  to  the  fuel  bed  should 
be  required,  other  than  the  removal  of  clinker  in  stokers  which  operate  on 
this  principle  of  ash  removal. 

As  in  all  combustion  processes,  the  maintenance  of  the  correct  proportions 
of  air  and  fuel  is  essential.  It  is  desirable  to  supply  the  minimum  amount 
of  air  required  to  properly  burn  the  fuel  at  the  rate  of  feed. 

While  there  may  be  only  slight  variations  in  the  rate  at  which  the  coal  is 
being  fed  due  to  variations  in  the  size  or  density  of  the  coal,  there  may  be 
wide  variations  in  the  rate  of  air  flow  as  the  result  of  changes  in  fuel  bed  re- 
sistance. These  changes  in  resistance  may  be  caused  by  changes  in  the 
porosity  of  the  fuel  bed  due  to  variations  in  size  or  friability  of  the  coal,  ash 
and  clinker  accumulation,  and  variations  in  depth  of  the  fuel  bed.  Because 
of  this  variable  fuel  bed  resistance,  many  bituminous  stokers,  even  in  the 
smaller  domestic  sizes,  incorporate  air  controls  which  automatically  com- 


FIG.  10.  OVERFEED  SPREADER  STOKER  (PNEUMATIC  TYPE) 

pensate  for  these  changes  in  resistance  and  maintain  a  constant  air  fuel  ratio. 
The  efficiency  of  combustion  may  be  determined  by  analyzing  the  flue  gases 
as  explained  in  Chapters  13  and  49. 

It  is  desirable  on  most  stoker  installations  to  provide  automatic  draft 
regulation  in  order  to  reduce  air  infiltration  and  provide  better  control 
during  the  banking,  or  off,  periods  of  the  stoker. 

Furnace  Design 

Although  there  is  considerable  variation  in  stoker,  boiler,  and  furnace 
design,  the  stoker  industry,  from  long-time  experience,  has  established 
certain  rules  for  the  proportioning  of  furnaces  for  domestic,  and  com- 
mercial stokers.  The  stoker  installer  and  designer  of  stoker-fired  equip- 
ment should  give  careful  consideration  to  these  factors. 

The  Stoker  Manufacturers  Association  has  published  standard  recom- 
mendations on  setting  heights  for  stokers  having  capacities  up  to  1200  Ib 
of  coal  per  hour2. 

The  empirical  formulas  for  determining  these  setting  heights  are: 


For  burning  rates  up  to  100  Ib  coal  per  hour 

H  -  0.1125  B  +  15.75 


(1) 
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For  burning  rates  from  100  to  1200  Ib  coal  per  hour 

H  -  0.03  B  +  24 
where 

H  =  minimum  setting  height,  inches,  measured  from  dead  plates  to  crown  sheet 

for  steel  boilers.    For  cast-iron  boilers  height  may  be  {  H. 
B  —  burning  rate  coal  per  hour,  pounds. 

Standards  for  minimum  firebox  dimensions  and  base  heights  have  been 
formulated  by  the  Stoker  Manufacturers  Association  as  shown  in  Fig.  1 12. 

In  considering  these  recommendations,  it  should  be  understood  that 
they  show  the  average  recommended  minimum.  There  are  many  factors 
affecting  the  proper  application  of  stokers  to  various  types  of  boilers  and 
furnaces,  and,  in  certain  instances,  setting  height  or  firebox  dimensions 
shown  in  the  standards  may  be  modified  without  impairing  performance. 
Such  modification  rests  with  the  experience  of  the  installer,  or  designer, 
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STOKER    RATING —POUNDS    COAL   PER   HOUR 

FIG.  11.  SUGGESTED  MINIMUM  FIREBOX  DIMENSIONS  AND  BASE  HEIGHTS* 

a  For  reference  in  selecting  or  designing  boilers  and  furnaces  for  stoker  firing.  Dimensions  shown  are  for 
net  inside  clearance  at  grate  level  using  coal  with  heating  value  of  not  less  than  12,000  Btu  per  pound.  Under 
certain,  conditions  smaller  fireboxes  will  permit  satisfactory  performance  but  these  dimensions  are  preferred 
normal  minimums. 

with  a  particular  stoker,  the  type  of  fuel  used,  and  the  construction  of  the 
boiler  or  furnace. 

Installation  of  stokers  (particularly  smaller  sizes)  from  the  side  of  the 
boiler  or  furnace  will  sometimes  facilitate  clinker  removal. 

Rating  and  Sizing  Stokers 

The  capacity  or  rating  of  small  underfeed  stokers  is  usually  stated  as 
the  burning  rate  in  pounds  of  coal  per  hour.  Codes  for  establishing  uni- 
form methods  of  rating  anthracite  and  bituminous  coal  stokers  have  been 
adopted  by  the  Stoker  Manufacturers  Association9. 

The  Association  also  has  adopted  a  uniform  method  of  selecting  stokers 
that  is  published  in  convenient  tables  and  charts2.  The  required  capacity 
of  the  stoker  is  calculated  as  follows: 


Load  (Btu  per  hour) 


Heating  value  of  coal  (Btu  per  pound)  X  overfall  efficiency  of 
stoker  and  boiler  or  furnace 


Stoker  burning  rate 
required  (pounds  of 
coal  per  hour) 


In  determining  the  total  load  placed  on  a  stoker-fired  boiler  by  a  steam 
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or  hot  water  heating  system,  a  piping  and  pick-up  factor  of  1.33  is  com- 
monly used  in  sizing  the  stoker,  but  this  factor  should  be  increased  at  times 
due  to  unusual  conditions. 

Controls 

The  heat  delivery  from  the  stoker  of  the  smallest  household  type  to  the 
largest  industrial  unit  can  be  regulated  accurately  with  fully  automatic 
controls.  The  smaller  heating  applications  are  controlled  normally  by  a 
thermostat  placed  in  the  building  to  be  heated.  Limit  controls  are  supplied 
to  prevent  excessive  temperature  or  pressure  being  developed  in  the  furnace 
or  boiler,  and  refueling  controls  are  used  to  maintain  ignition  during  periods 
of  low^  heat  demand.  Automatic  low  water  cut-outs  are  recommended  for 
use  with  all  automatically-fired  steam  boilers.  (See  Chapter  38.) 

DOMESTIC  OIL  BURNERS 

An  oil  burner  is  a  mechanical  device  for  producing  heat  automatically 
from  liquid  fuels.  Two  methods  are  employed  for  the  preparation  of  the 


FIG.  12.  Low  PEESSUBE  ATOMIZING  OIL  BTJBNEB 


oil  for  the  combustion  process;  atomization,  and  vaporization.  The 
simpler  types  of  burners  depend  upon  the  natural  chimney  draft  for 
supplying  the  air  for  combustion.  Other  burners  provide  mechanical  air 
supply  or  a  combination  of  atmospheric,  and  mechanical.  Ignition  is 
accomplished  by  an  electrical  spark  or  hot  wire,  or  by  an  oil  or  gas  pilot. 
Some  burners  utilize  a  combination  of  these  methods.  Continuously 
operating  burners  may  use  manual  ignition.  Burners  of  different  types 
operate  with  luminous  or  non-luminous  flame.  Operation  may  be  inter- 
mittent, continuous  with  high-low  flame,  or  continuous  with  graduated 
flame. 

CLASSIFICATION  OF  BURNERS 

Domestic  oil  burners  may  be  classified  by  type  of  design  or  operation 
into  the  following  groups:  pressure  atomizing  or  gun,  rotary,  and  vapor- 
izing or  pot.  These  are  further  classified  as  mechanical  draft,  and  natural 
draft. 

Pressure  Atomizing  (Gun  Type) 

Gun  type  burners  may  be  divided  into  two  classes,  low-pressure,  and 
high-pressure  atomization.  In  the  first  group,  a  mixture  of  oil  and  primary 
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air  is  pumped  as  a  spray  through  the  nozzle  at  a  pressure  of  2  to  7  psi. 
Secondary  air  is  supplied  by  a  fan.  Ignition  is  obtained  by  means  of  a 
high-voltage  electric  spark  used  alone,  or  as  primary  ignition  for  a  gas  pilot. 
Various  features  of  a  low  pressure  atomizing  burner  are  shown  in  Fig.  12. 

The  high-pressure  atomizing  type,  illustrated  in  Fig.  13,  is  characterized 
by  an  air  tube,  usually  horizontal,  with  oil  supply  pipe  centrally  located  in 
the  tube  and  arranged  so  that  a  spray  of  atomized  oil  is  introduced,  at  about 
100  psi,  and  mixed  in  the  combustion  chamber  with  the  air  stream  emerging 
from  the  air  tube.  A  variety  of  patented  shapes  is  employed  at  the  end  of 
the  air  tube  to  influence  the  direction  and  speed  of  the  air  and  thus  the 
effectiveness  of  the  mixing  process. 

This  type  of  burner  utilizes  a  fan  to  supply  the  air  for  combustion,  and 
ignition  is  established  by  a  high-voltage  electric  spark  that  may  be  operative 
continuously  while  the  burner  is  running,  or  just  at  the  beginning  of  the 
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FIG.  13.  HIGH-PKESSUBE  ATOMIZING  OIL  BTJRNEK 

running  period.    Gun  type  burners  operate  on  the  intermittent  on-off 
principle,  and  with  a  luminous  flame. 

The  combustion  process  is  completed  in  a  chamber  constructed  of 
refractory  material,  or  stainless  steel,  this  being  a  part  of  the  installation. 
Pressure-atomizing  burners  generally  use  the  distillate  oils,  No.  1,  2  or  3 
grade.  (See  Chapter  13.) 

Rotary  Type 

This  class  of  burners  may  be  divided  into  two  groups:  vertical,  and 
horizontal.  Most  of  the  smaller  rotary  burners  are  of  the  vertical  type, 
and  use  the  lighter  distillate  oils,  No.  1  or  2  grade. 

The  most  distinguishing  feature  of  vertical  rotary  burners  is  the  principle 
of  flame  application.  These  burners  are  of  two  general  types:  the  center 
flame  and  wall  flame.  In  the  former  type  (Fig.  14),  the  oil  is  atomized  by 
being  thrown  from  the  rim  of  a  revolving  disc  or  cup  and  the  flame  burns  in 
suspension  with  a  characteristic  yellow  color.  Combustion  is  supported 
by  means  of  a  bowl-shaped  chamber  or  hearth.  The  wall  flame  burner 
(Fig.  15)  differs  in  that  combustion  takes  place  in  a  ring  of  stainless  steel 
or  refractory  material,  which  is  placed  around  the  hearth.  Dependent 
upon  combustion  adjustment,  these  burners  may  operate  with  either  a 
semi-luminous  or  non-luminous  flame. 

Both  types  of  vertical  rotary  burners  are  further  characterized  by  their 
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installation  within  the  ash  pit  of  the  boiler  or  furnace.  Various  types  of 
ignition  are  utilized,  gas  and  electric,  either  spark  or  hot  wire.  The  air 
for  combustion  is  supplied  partially  by  natural  draft,  and  partially  by  fan 
effect  of  the  central  spinner  element. 

Horizontal  rotary  burners  are  used  principally  to  burn  the  heavier  oils, 
Nos.  5  and  6  grades,  principally  in  larger  commercial  and  industrial  in- 
stallations, although  domestic  sizes  are  available.  Such  burners  are  of 
the  mechanical  atomizing  type,  using  rotating  cups  which  throw  the  oil 
from  the  edge  of  the  cup  at  high  velocity  into  the  surrounding  stream  of  air 
delivered  by  the  blower  (Fig.  16). 

Horizontal  rotary  burners  commonly  use  a  combination  electric-gas 
ignition  system,  or  are  lighted  manually.  Primary  air  for  combustion  is 
supplied  by  a  blower,  and  secondary  air,  often  introduced  through  a 
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checkerwork  in  the  combustion  chamber,  is  controlled  by  chimney  draft. 
These  burners  operate  with  a  luminous  flame,  usually  on  high-low  or 
continuous  setting. 

In  larger  installations,  burners  may  be  installed  in  multiple  in  a  common 
combustion  chamber.  Because  of  the  high  viscosity  oils  used  in  these 
burners,  it  is  customary  to  preheat  the  oil  between  the  tank  and  the 
burner.  Preheating  when  delivering  from  tank  car,  or  truck,  is  often 
required  in  cold  weather. 

Vaporizing  Burners 

In  the  vaporizing  burner,  fuel  oil  is  ignited  (manually  or  electrically)  and 
vaporized  in  a  vessel  or  pot  which  is  open  at  the  top  or  one  side.  Heat  for 
vaporization  is  supplied  by  the  combustion  process.  Openings  in  the  side 
walls  of  the  burner  admit  primary  air  which  forms  a  rich  mixture  of  air  and 
oil  vapors  in  the  burner.  Adj  acent  to  the  outlet  opening  sufficient  additional 
or  secondary  air  is  admitted  to  complete  combustion.  The  openings  for 
admitting  air  are  arranged  to  obtain  gradual  and  intimate  mixing  of  air 
and  oil  vapor  for  combustion  with  a  minimum  amount  of  excess  air  and 
resulting  high  combustion  efficiency. 

Fuel  is  fed  by  gravity  from  a  constant  level  control  valve  and  the  flow 
is  either  on  (at  rated  capacity)  or  off  (at  pilot  flow)  according  to  the  demand 
of  the  thermostat.  However,  the  high  fire  can  be  reduced  and  the  pilot 
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FIG.  16.  HOEIZONTAL  ROTATING  CUP  OIL  BUKNBB 

fire  can  be  increased  to  give  almost  any  desired  control  characteristic 
within  the  range  of  the  burner.  The  majority  of  vaporizing  burners  are 
manufactured  in  sizes  up  to  one  gallon  per  hour  input.  Most  vaporizing 
burners  are  limited  to  use  with  No.  1  fuel  oil  having  a  maximum  end  point 
of  625  F  and  a  minimum  A.P.I,  gravity  of  35  deg. 

A  barometric  draft  regulator  is  required  to  maintain  the  recommended 
draft.  A  draft  of  not  more  than  0.06  in.  of  water  column  is  recommended 
for  most  natural  draft  burners.  When  burners  are  equipped  with  me- 
chanical forced  draft,  a  slightly  lower  chimney  draft  can  be  used.  A 
burner  of  this  type  is  illustrated  in  Fig.  17. 

Vaporizing  burners  are  adaptable  to  water  heaters,  space  heaters,  and 
furnaces.  Some  types  have  also  been  applied  successfully  to  conversion 
installations/  The  heat  output  is  in  the  range  of  requirements  for  the 
average  or  small  home. 

The  modulating  flame  allows  simple  manual  control  by  regulation  of 
a  metering  valve  and  simplifies  the  control  equipment.  Quiet  com- 
bustion and  the  absence  of  moving  parts  contribute  to  quiet  operation 
when  the  heating  device  is  located  in  the  living  quarters. 
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The  ability  to  operate  on  natural  draft  and  gravity  feed  of  the  fuel,  makes 
possible  the  use  of  these  burners  where  electric  current  is  not  available  or  is 
unreliable.  However,  most  furnaces  are  thermostatically  controlled  and 
many  are  provided  with  mechanical  draft. 

Oil-FIred  Boiler  and  Furnace  Units 

A  number  of  types  of  specially  designed  oil-fired  boiler-burner  and 
furnace-burner  units  are  available.  Various  locations  of  burners  will  be 
noted  in  such  units;  some  having  the  combustion  chamber  and  burner 
at  the  top,  some  at  the  bottom,  and  some  at  the  center  of  the  appliance. 
One  type  of  boiler-burner  unit  is  shown  in  Fig.  18.  The  coordinated 
design  of  boiler  (or  furnace)  and  burner  elements  insures  the  optimum  in 
operating  characteristics,  and  the  maintenance  of  -balanced  performance. 
This  type  of  equipment  usually  has  more  heating  surface,  better  flue 
proportions  and  gas  travel  than  conventional  boilers  or  furnaces.  Some 
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FIG.  18.  TYPICAL  BOILEB-BTJRNER  UNIT 

of  the  better  conversion  installations,  however,  may  equal  the  unit  type  in 
performance. 

Operating  Requirements  for  Oil  Burners 

The  U.  S.  Department  of  Commerce  in  conjunction  with  the  oil  burner  and 
heating  appliance  industries  has  established  commercial  standards  for 
conversion  burners  and  burner-appliance  units  which  cover  installation, 
construction  and  performance  tests4. 

Combustion  Process 

Efficient  combustion  must  produce  a  clean  flame  and  use  a  relatively 
small  excess  of  air,  i.e.,  between  25  and  50  per  cent.  This  can  be  done 
only  by  vaporizing  the  oil  quickly  and  completely,  and  mixing  it  vigorously 
with  air  in  a  combustion  chamber  hot  enough  to  support  the  combustion. 
A  vaporizing  burner  prepares  the  oil  for  combustion  by  transforming  the 
liquid  fuel  to  the  gaseous  state  by  the  application  of  heat  before  the  oU  va- 
por mixes  with  air  to  any  extent  and,  if  the  air  and  oil  vapor  temperatures 
are  high  and  the  fire  pot  hot,  a  clear  blue  flame  is  produced. 
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In  an  atomizing  burner  the  oil  is  mechanically  separated  into  very  fine 
particles  so  that  the  surface  exposure  of  the  liquid  to  the  radiant  heat  of 
the  combustion  chamber  is  vastly  increased  and  vaporization  proceeds 
quickly.  The  result  is  the  ability  to  burn  more  and  heavier  ^oil  within  a 
given  combustion  space.  Because  the  air  enters  the  combustion  chamber 
with  the  liquid  fuel  particles,  mixing,  vaporization  and  burning  occur 
all  at  once  in  the  same  space.  This  produces  a  luminous  flame.  A 
deficient  amount  of  air  is  indicated  by  a  dull  red  or  dark  orange  flame 
with  smoky  tips. 

An  excessive  supply  of  air  may  produce  a  brilliant  white  flame  or  a 
short  ragged  flame  with  incandescent  sparks  flashing  through  the  com- 
bustion space.  While  extreme  cases  may  be  detected,  it  is  not  possible 
to  distinguish,  by  eye,  the  effect  of  the  finer  adjustment  which  competent 
installation  requires. 

Combustion  Adjustments 

The  present-day  oil  burner  with  mechanical  oil  and  air  supply,  properly 
installed  and  equipped  with  an  automatic  draft  regulator,  is  capable  of 
maintaining  efficient  combustion  for  a  considerable  period  following  the 
initial  adjustments  of  oil  and  air.  Eventually  certain  changes  may  occur, 
however,  that  will  cause  the  per  cent  of  excess  air  to  decrease  below  allow- 
able limits.  A  decrease  in  air  supply  while  the  oil  delivery  remains  con- 
stant, or  an  increase  in  oil  delivery  while  the  air  supply  remains  constant, 
will  make  the  mixture  of  oil  and  air  too  rich  for  clean  combustion.  The 
more  efficient  the  adjustment  the  more  critical  it  will  be.  The  oil  and  air 
supply  rates  must  remain  constant. 

The  following  factors  may  influence  the  oil  delivery  rate:  (1)  changes 
in  oil  viscosity  due  to  temperature  change  or  variations  in  grade  of  oil 
delivered,  (2)  erosion  of  atomizing  nozzle,  (3)  fluctuations  in  by-pass  relief 
pressures,  and  (4)  possible  variations  in  methods  of  atomization.  Any 
change  due  to  partial  stoppage  of  oil  delivery  will  increase  the  proportion 
of  excess  air.  This  will  result  in  less  heat,  reduced  economy  and  possibly 
a  complete  interruption  of  service. 

The  following  factors  may  influence  the  air  supply:  (1)  changes  in 
combustion  draft  due  to  a  variety  of  causes  (i.e.,  changes  in  chimney 
draft  because  of  weather  changes,  seasonal  changes,  back  drafts,  failure 
or  inadequacy  of  automatic  draft  regulator,  use  of  chimney  for  other 
purposes,  possible  stoppage  of  the  chimney,  and  changes  in  draft  resistance 
of  boiler  due  to  partial  stoppage  of  the  flues),  and  (2)  changes  in  air  inlet 
adjustments  at  the  fan. 

Air  leakage  into  the  boiler  or  furnace  setting  should  be  reduced  to  a 
minimum.  The  amount  of  air  leakage  will  be  determined  by  the  draft 
in  the  combustion  chamber.  It  is  important  that  this  draft  should  be 
reduced  as  low  as  is  consistent  with  the  proper  disposal  of  the  gases  of 
combustion.  When  using  mechanical  draft  burners  with  average  condi- 
tions, the  combustion  chamber  draft  should  not  be  allowed  to  exceed 
0.02-0.05  in.  water.  An  automatic  draft  regulator  is  very  helpful  in 
maintaining  such  values. 

Even  though  a  fan  is  generally  used  to  supply  the  air  for  combustion, 
in  most  oil  burners,  the  importance  of  a  proper  chimney  should  not  be 
overlooked.  The  chimney  should  have  sufficient  height  and  size  to  insure 
that  the  draft  will  be  uniform  within  the  limits  given  if  maximum  efficiency 
throughout  the  heating  season  is  to  be  maintained. 
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Measurement  of  the  Efficiency  of  Combustion 

Since  efficient  combustion  is  based  upon  a  clean  flame  and  definite 
proportions  of  oil  and  air  employed,  it  is  possible  to  determine  the  results 
by  analyzing  the  combustion  gases.  It  is  usually  sufficient  to  analyze 
only  for  carbon  dioxide  (<702).  A  showing  of  10  to  12  per  cent  indicates 
the  best  adjustment  if  the  flame  is  clean.  Most  of  the  good  installations 
show  from  8  to  10  per  cent  C0$.  Taking  into  account  the  potential 
hazard  of  low  excess  air  (high  C02),  a  setting  to  give  10  per  cent  CO* 
constitutes  a  reasonable  standard  for  most  oil  burners. 

Combustion  Chamber  Design 

With  burners  requiring  a  refractory  combustion  chamber  the  size  and 
shape  should  be  in  accordance  with  the  manufacturer's  instructions.  It 
is  important  that  the  chamber  shall  be  as  nearly  air  tight  as  is  possible, 
except  when  the  particular  burner  requires  a  secondary  supply  of  air 
for  combustion. 

The  atomizing  burner  is  dependent  upon  the  surrounding  heated  re- 
fractory or  firebrick  surfaces  to  vaporize  the  oil  and  support  combustion. 
Unsatisfactory  combustion  may  be  due  to  inadequate  atomization  and 
mixing.  A  combustion  chamber  can  only  compensate  for  these  things  to 
a  limited  extent.  If  liquid  fuel  continually  reaches  some  part  of  the  fire- 
brick surface,  a  carbon  deposit  will  result.  The  combustion  chamber 
should  enclose  a  space  having  a  shape  similar  to  the  flame  but  large  enough 
to  avoid  flame  contact.  The  nearest  approach  in  practice  is  to  have  the 
bottom  of  the  combustion  chamber  flat,  but  far  enough  below  the  nozzle 
to  avoid  flame  contact,  the  sides  tapering  from  the  air  tube  at  the  same 
angle  as  the  nozzle  spray  and  the  back  wall  rounded.  A  plan  view  of  the 
combustion  chamber  resembles  in  shape  the  outline  of  the  flame.  In  this 
way  as  much  firebrick  as  possible  is  close  to  the  flame  so  it  may  be  kept  hot. 
This  insures  quick  vaporization,  rapid  combustion  and  better  mixing  by 
eliminating  dead  spaces  in  the  combustion  chamber.  An  overhanging 
arch  at  the  back  of  the  fire  pot  is  sometimes  used  to  increase  the  flame  travel 
and  give  more  time  for  mixing  and  burning,  and  sometimes  to  prevent  the 
gases  from  going  too  directly  into  the  boiler  flues.  When  good  atomization 
and  vigorous  mixing  are  achieved  by  the  burner,  combustion  chamber 
design  becomes  a  less  critical  matter.  Where  secondary  air  is  used,  com- 
bustion chamber  design  is  quite  important.  When  installing  some  of  the 
vertical  rotary  burners  the  manufacturer's  instructions  must  be  followed 
carefully  when  installing  the  hearth,  as  in  this  class  successful  performance 
depends  upon  this  factor. 

Boiler  Settings 

As  the  volume  of  space  available  for  combustion  is  a  determining  factor 
in  oil  comsumption,  it  is  general  practice  to  remove  grates  and  extend  the 
combustion  chamber  downward  to  include  or  even  exceed  the  ash  pit 
volume;  in  new  installations  the  boiler  may  be  raised  to  make  added 
volume  available.  Approximately  1  cu  ft  of  combustion  volume  should  be 
provided  for  every  developed  boiler  horse  power,  and  in  this  volume  from 
1.5  to  2.5  Ib  of  oil  per  hour  can  properly  be  burned.  This  corresponds  to  an 
average  liberation  of  about  38,000  Btu  per  cubic  foot  per  hour.  At  times 
much  higher  fuel  rates  may  be  satisfactory.  For  best  results,  care  should  be 
taken  to  keep  the  gas  velocity  below  40  fps.  Where  checkerwork  of  brick 
is  used  to  provide  secondary  air,  good  practice  calls  for  about  1  sq  in.  of 
opening  for  each  pound  of  oil  fired  per  hour.  Such  checkerwork  is  best 
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adapted  to  flat  flames,  or  to  conical  flames  that  can  be  spread  over  the 
floor  of  the  combustion  chamber.  The  proper  bricking  of  a  large  or  even 
medium  sized  boiler  for  oil  firing  is  important  and  frequently  it  is  advisable 
to  consult  an  authority  on  this  subject.  The  essential  in  combustion 
chamber  design  is  to  provide  against  flame  impingement  upon  either  me- 
tallic or  firebrick  surfaces.  Manufacturers  of  oil  burners  usually  have 
available  detailed  plans  for  adapting  their  burners  to  various  types  of 
boilers,  and  such  information  should  be  utilized. 

Controls 

Controls  for  oil  burner  operation,  including  devices  for  the  safety  and 
protection  of  a  boiler  or  furnace,  are  fully  described  in  Chapter  38. 

GAS-FIRED  HEATING  EQUIPMENT 
A  gas  burner  is  defined  by  the  American  Gas  Association  as  "a  device 
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for  the  final  conveyance  of  the  gas,  or  a  mixture  of  gas  and  air,  to  the 
combustion  zone."  Burners  used  for  domestic  heating  are  of  the  atmos- 
pheric injection,  luminous  flame,  or  power  burner  types. 

The  use  of  gas  has  resulted  in  the  production  of  a  number  of  types  of 
domestic  gas  heating  appliances,  and  systems.  These  may  be  classified 
in  types  designed  for  central  heating  plants,  and  those  for  unit  application. 
Gas-designed  units  and  conversion  burners  are  available  for  the  several 
kinds  of  central  systems.  Unit  heaters,  space  heaters  and  circulators  may 
be  had  for  installation  in  the  space  being  heated. 

Central  Heating  Systems 

Boilers  and  furnaces  specially  designed  for  gas-firing  incorporate  design 
features  for  obtaining  maximum  efficiency  and  performance.  Small  flue 
passes  to  secure  good  heat  transfer,  the  use  of  materials  resistant  to  the 
corrosive  effects  of  products  of  combustion,  and  draft  hoods  are  notable 
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features.  Control  equipment  includes  gas  pressure  regulators,  automatic 
pilots,  and  limit  controls  designed  to  protect  the  appliance  and  to  insure 
safety  of  operation.  A  boiler  designed  for  gas-burning  is  illustrated 
in  Fig.  19. 

Conversion  burners  are  usually  complete  burner  and  control  units 
designed  for  installation  in  existing  boilers  and  furnaces.  Burner  heads 
are  of  circular  or  rectangular  shape  in  order  to  fit  in  the  space  available. 
Single  port  burners,  discharging  the  flame  against  a  ceramic,  stainless  steel, 
or  cast  iron  target,  have  become  popular  in  the  past  few  years.  The 
control  equipment  is  generally  the  same  as  for  gas  boilers  and  furnaces* 
Various  baffles  made  of  clay  radiants  or  metal  are  used  for  the  purpose  of 
guiding  the  products  of  combustion  along  the  heating  surface  in  the  firebox 
or  flues.  Automatic  air  dampers  are  supplied  on  many  models  to  prevent 
flow  of  air  into  the  firebox  when  the  burner  is  not  operating.  A  typical  gas 
conversion  burner  is  shown  in  Fig.  20. 

Burners  of  this  type  are  available  in  sizes  ranging  from  50,000  to  400,000 
Btu  per  hour  capacity.  Burners  of  even  larger  capacity,  for  use  with  natural 
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FIG.  20.  TYPICAL  GAS  CONVEBSION  BUHNER 

gas  in  large  steel  boilers,  are  usually  engineered  by  the  local  utility  or 
contractor.  They  are  available  in  an  infinite  number  of  sizes  because  the 
burner  may  be  an  assembly  of  multiple  burner  heads  filling  the  entire 
firebox. 

Domestic  sizes  of  conversion  burners  should  conform  to  American 
Standard  Listing  Requirements  for  Conversion  Burners,  A.S.A.  Z21.17- 
1948  and  installation  should  be  made  in  accordance  with  American  Stand- 
ard Requirements  for  Installation  of  Domestic  Gas  Conversion  Burners. 
A.S.A.  Z21.8-19485. 

Draft  hoods,  conforming  to  American  Standard  Requirements,  should  be 
installed  in  place  of  the  dampers  used  with  a  solid  fuel. 

One  form  of  central  heating  system  is  the  warm  air  floor  furnace6.  The 
use  of  these  furnaces  is  adaptable  to  mild  climates  or  for  auxiliary  heating 
or  heating  of  single  rooms  in  colder  climates.  They  are  used  for  heating 
first  floors,  or  where  heat  is  required  in  only  one  or  two  rooms.  A  number 
may  be  used  to  provide  heat  for  the  entire  building  where  all  rooms  are  on 
the  ground  floor,  thus  giving  the  heating  system  flexibility.  With  the 
usual  type  the  register  is  installed  in  the  floor,  the  heating  element,  gas 
piping,  and  also  the  flue  gas  vent  piping  being  suspended  below  the  floor. 
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Unit  Type  Heaters 

Space  heaters  may  be  used  for  auxiliary  heating,  but  in  many  cases 
are  installed  for  furnishing  heat  to  entire  buildings.  With  the  exception 
of  wall  heaters,  they  are  semi-portable. 

Parlor  heaters  or  circulators  are  usually  of  the  cabinet  type.  They  heat 
the  room  entirely  by  convection,  i.e.,  the  cold  air  of  the  room  is  drawn  in 
near  the  base,  passes  up  inside  the  jacket  around  a  heating  section,  and 
out  of  the  heater  at,  or  near,  the  top.  These  heaters  cause  a  continuous 
circulation  of  the  air  in  the  room  during  the  time  they  are  in  operation. 
The  burners  are  located  in  the  base  at  the  bottom  of  an  enclosed  combus- 
tion chamber.  The  products  of  combustion  pass  around  baffles  within 
the  heating  element,  and  out  the  flue  at  the  back  near  the  top.  They  are 
well  adapted  for  residence  room  heating  and  also  for  stores  and  offices. 

Unvented  type  circulators  should  not  be  used  in  residences  unless  pro- 
vision is  made  to  remove  the  excess  moisture  caused  by  release  of  flue 
gases  into  the  living  quarters. 

Radiant  heaters  give  off  a  considerable  portion  of  their  heat  in  the  form 
of  radiant  energy  emitted  by  an  incandescent  refractory  that  is  heated  by 
a  Bunsen  flame.  They  are  made  in  numerous  shapes  and  designs  and  in 
sizes  ranging  from  two  to  seven  or  more  radiants.  An  atmospheric  bur- 
ner is  supported  near  the  center  of  the  base.  Others  have  a  group  of 
small  atmospheric  burners  supported  on  a  manifold  attached  to  the  base. 
Most  radiant  heaters  are  portable;  however,  there  are  also  types  which 
are  encased  in  a  jacket  with  a  grilled  front  and  fit  into  the  wall. 

Gas-fired  steam  and  hot  water  radiators  are  other  types  of  room  heating 
appliances.  They  are  made  in  a  large  variety  of  shapes  and  sizes  and  are 
similar  in  appearance  to  the  ordinary  steam  or  hot  water  radiator.  A 
separate  combustion  chamber  is  provided  in  the  base  of  each  radiator  and 
is  usually  fitted  with  a  one-piece  burner.  They  may  be  secured  in  either 
the  vented  or  unvented  types,  and  with  steam  pressure,  thermostatic  or 
room  temperature  controls. 

Warm  air  radiators  are  similar  in  appearance  to  steam  or  hot  water 
radiators.  They  are  usually  constructed  of  sheet  metal  hollow  sections. 
The  products  of  combustion  circulate  through  the  sections  and  are  dis- 
charged from  a  flue  or  into  the  room,  depending  upon  whether  the  radiator 
is  of  the  vented  or  unvented  type. 

Unit  heaters  are  used  extensively  for  heating  large  spaces  such  as  stores, 
garages,  and  factories.  These  heaters  consist  of  a  burner,  heat  exchanger, 
fan  for  distributing  the  air,  draft  hood,  automatic  pilot,  and  controls 
for  burners  and  fan.  They  are  usually  mounted  in  an  elevated  position 
from  which  the  heated  air  is  directed  downward  by  louvers.  Some  unit 
heaters  are  suspended  from  the  ceiling,  and  others  are  free-standing  floor 
units  of  the  heat  tower  type. 

Unit  heaters  are  available  in  two  types,  classified  according  to  their 
use,  with,  or  without  ducts.  Only  those  types  of  unit  heaters  tested  and 
approved  as  warm  air  furnaces  can  be  connected  safely  to  ducts,  as  they 
have  sufficient  blower  capacity  to  deliver  an  adequate  air  supply  against 
duct  resistance  and  are  equipped  with  limit  controls. 

Combustion  Process  and  Adjustments 

Most  domestic  gas  burners  are  of  the  atmospheric  injection  (Bunsen) 
type  in  which  primary 'air  is  introduced,  and  mixed  with  the  gas  in  the 
throat  of  the  mixing  tube.  A  ratio  of  about  3  parts  primary  air  to  1  part 
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gas  for  manufactured  gas,  and  a  5 J  to  1  ratio  for  natural  gas,  are  generally 
used  as  theoretical  values.  For  normal  operation  of  most  atmospheric 
type  burners  40  to  60  per  cent  of  the  theoretical  value  of  primary  air  will 
give  best  operation.  The  amount  of  excess  air  required  in  practice  de- 
pends upon  several  factors,  notably:  uniformity  of  air  distribution  and 
mixing,  direction  of  gas  travel  from  burner,  and  the  height  and  temperature 
of  combustion  chamber. 

Secondary  air  is  drawn  into  gas  appliances  by  natural  draft.  As  with 
other  fuels,  excess  secondary  air  constitutes  a  loss,  and  should  be  reduced 
to  a  proper  minimum,  which  usually  cannot  be  less  than  25  to  35  per  cent 
if  the  appliance  is  to  meet  ASA  approval.  Yellow  flame  burners 
depend  upon  secondary  air,  alone,  for  combustion. 

The  flame  produced  by  atmospheric  injection  burners  is  non-luminous. 
Air  shutter  adjustments  for  manufactured  gas  should  be  made  by  closing 
the  air  shutter  until  yellow  flame  tips  appear  and  then  by  opening  the  air 
shutter  to  a  final  position  at  which  the  yellow  tips  just  disappear.  This 
type  of  flame  obtains  ready  ignition  from  port  to  port  and  also  favors 
quiet  flame  extinction.  When  burning  natural  gas  the  air  adjustment  is 
generally  made  to  secure  as  blue  a  flame  as  obtainable. 

Little  difficulty  should  be  had  in  maintaining  efficient  combustion  when 
burning  gas.  The  fuel  supply  is  normally  held  to  close  limits  of  variation 
in  pressure  and  calorific  value  and  the  rate  of  heat  supply  is  nominally 
constant.  Because  the  force  necessary  to  introduce  the  fuel  into  the 
combustion  chamber  is  an  inherent  factor  of  the  fuel,  no  draft  by  the 
chimney  is  required  for  this  purpose.  The  use  of  a  draft  hood  insures 
the  maintenance  of  constant  low  draft  condition  in  the  combustion  chamber 
with  a  resultant  stability  of  air  supply.  A  draft  hood  is  also  helpful  in 
controlling  the  amount  of  excess  air  and  preventing  back  drafts  that  might 
extinguish  the  flame.  (See  Chapter  13.) 

Due  to  the  use  of  draft  hoods  and  gas  pressure  regulators  both  the 
input  and  combustion  conditions  of  gas  appliances  are  maintained  quite 
uniform  until  deposits  of  dirt,  corrosion,  or  scale  accumulate  in  the  air 
inlet  openings,  burner  ports,  or  on  the  heating  surface.  Periodic  cleaning 
is  necessary  to  keep  any  gas  appliance  in  proper  operating  condition. 

Measurement  of  the  Efficency  of  Combustion 

The  efficiency  of  combustion  may  be  judged  from  the  percentage  of 
carbon  dioxide  (00%),  oxygen  (Oz)  and  carbon  monoxide  (CO)  in  the  flue 
gases.  The  COz  and  Oz  may  be  obtained  by  means  of  an  Orsat  apparatus 
but  the  GO  must  be  determined  by  more  accurate  equipment.  It  is 
customary  to  use  simple  indicators  to  determine  whether  CO  is  present 
and  to  make  adjustments  of  the  appliances  to  reduce  the  CO  below  4/100 
of  one  per  cent  before  continuing  tests  in  which  the  COz  and  0%  can  then 
be  found  by  use  of  the  Orsat  apparatus.  Since  the  ultimate  COz  for  any 
gas  depends  on  the  carbon-hydrogen  ratio  the  quality  of  the  combustion 
should  not  be  judged  from  the  value  of  the  COz  in  the  flue  gas  without 
reference  to  the  ultimate  COz  obtainable.  Practical  values  of  COz  will 
usually  be  from  8  to  14  per  cent  depending  on  the  gas  used. 

Ratings  for  Gas  Appliances 

Input  rating  for  a  gas  appliance  is  established  by  demonstrating  that 
the  appliance  can  meet  the  Approval  Requirements  of  the  ASA.  The 
tests  are  conducted  at  the  A.G.A.  Testing  Laboratories.  Output  rating  is 
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TABLE  1.    CAPACITY  OF  GAS  PIPING 


Nominal  Diameter  of  Pipe  in  Inches 

Length  of  Pipe 
in  Feet 

! 

l 

H 

i| 

2 

Capacity—  Cu  Ft  Per  Hr  with  a  0.6  Sp  Gr  Gas  and  Pressure  Drop  of  0.3  '  Water  Column 

15 

172 

345 

750 

30 

120 

241 

535 

850 

45 

99 

199 

435 

700 

60 

86 

173 

380 

610 

75 

77 

155 

345 

545 

90 

70 

141 

310 

490 

105 

65 

131 

285 

450 

920 

120 

120 

270 

420 

860 

150 

109 

242 

380 

780 

180 

100 

225 

350 

720 

determined  from  the  approved  input  and  an  average  efficiency  stated  in 
the  Approval  Requirements,  and  is  the  heat  available  at  the  outlet. 

Sizing  Gas-Fired  Heating  Plants 

Although  gas-burning  equipment  usually  is  completely  automatic, 
maintaining  the  temperature  of  rooms  at  a  predetermined  figure,  there 
are  some  manually  controlled  installations.  In  order  to  overcome  effec- 
tively the  starting  load  and  losses  in  piping,  a  manually-controlled  gas 
boiler  should  have  an  output  as  much  as  100  per  cent  greater  than  the 
equivalent  standard  radiation  which  it  is  expected  to  serve. 

Boilers  under  thermostatic  control,  however,  are  not  subject  to  such 
severe  pick-up  loads  and  consequently,  it  is  possible  to  use  a  lower  selec- 
tion factor.  For  a  gas-fired  boiler  or  furnace  under  thermostatic  control 
a  factor  of  20  to  25  per  cent  is  usually  sufficient  for  pick-up  allowance. 

In  those  installations,  in  mild  climates  where  100  per  cent  outside  air 
is  used,  furnaces  should  be  of  larger  size  in  order  to  provide  adequate 
capacity  and  quick  pick-up  under  intermittent  heating  conditions. 

The  factor  to  be  allowed  for  loss  of  heat  from  piping  will  vary  somewhat, 
the  proportionate  amount  of  piping  installed  being  greater  for  small 
installations  than  for  large  ones.  For  selection  factors  to  be  added  to 
installed  radiation  under  thermostatic  control  see  Chapter  15. 

TABLE  2.    MULTIPLIERS  FOB  VARIOUS  SPECIFIC  GRAVITIES 
For  Use  With  Table  1 


Specific  Gravity 

Multiplier 

Specific  Gravity 

Multiplier 

.35 

1.31 

1.00 

.775 

.40 

1.23 

1.10 

.740 

.45 

1.18 

1.20 

.707 

.50 

1.10 

1.30 

.680 

.55 

1.04 

1.40 

.655 

.60 

1.00 

1.50 

.633 

.65 

.962 

1.60 

.612 

.70 

.926 

1.70 

.594 

.75 

.895 

1.80 

.577 

.80 

.867 

1.90 

.565 

.85 

.841 

2.00 

.547 

.90 

.817 

2.10 

.535 
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Appliances  used  for  heating  with  gas  should  bear  the  approval  seal 
of  the  A.G.A*  Testing  Laboratories  on  the  manufacturer's  naraeplate, 
together  with  the  official  input  and  output  ratings.  It  is  not  permissible 
to  operate  a  gas  heating  unit  above  its  stated  rating.  It  may  be  necessary 
to  operate  below  this  rating  at  elevations  above  2000  ft  unless  the  appliance 
has  been  tested  and  approved  for  operation  at  altitudes  up  to  5200  ft  as 
shown  on  name  plate. 

Installations  should  be  made  in  accordance  with  recommendations  shown 
in  the  publications  of  the  American  Gas  Association. 

Controls 

Temperature  controls  for  gas  burners  are  described  in  Chapter  38. 
Some  central  heating  plants  are  equipped  with  push-button  or  other 
manual  control.  The  main  gas  valve  may  be  of  either  the  snap  action 
or  throttling  type.  Automatic  electric  ignition  is  available. 

SIZING  OF  GAS  PIPING 

Piping  for  gas  appliances  should  be  of  adequate  size  and  so  installed  as  to 
provide  a  supply  of  gas  sufficient  to  meet  the  maximum  demand  without 
undue  loss  of  pressure  between  the  point  of  supply  (the  meter)  and  the 
burner. 

The  size  of  gas  pipe  necessary  to  install  depends  upon  the  following 
factors: 

1.  Maximum  gas  consumption  to  be  provided. 

2.  Length  of  pipe  and  number  of  fittings. 

3.  Allowable  loss  in  pressure  from  the  outlet  of  the  meter  to  the  burner. 

4.  Specific  gravity  of  the  gas. 

To  obtain  the  cubic  feet  per  hour  of  gas  required  by  the  burner  divide 
the  Btu  input  at  which  the  burner  will  be  adjusted  by  the  average  Btu  heat- 
ing value  per  cubic  foot  of  the  gas. 

Capacities  of  different  sizes  and  lengths  of  pipe,  in  cubic  feet  per  hour, 
with  a  pressure  drop  of  0.3  in.  of  water  column  for  a  gas  of  0.60  sp  gr 
are  shown  in  Table  1.  In  adopting  a  0.3  in.  pressure  drop,  due  allowance 
for  an  ordinary  number  of  fittings  was  made. 

To  convert  the  figures  given  in  Table  1  to  capacities  for  another  gas  of 
different  specific  gravity,  multiply  the  tabular  values  by  the  multipliers 
shown  in  Table  2. 

FUEL  BURNING  RATES 

The  burning  rate  for  automatic  fuel  burning  devices  is  determined  by 
the  gross  heat  output  required  of  the  boiler,  or  furnace,  to  carry  the  net 
heating  load  plus  allowances  for  system  losses,  and  pick-up.  General 
values  for  these  allowances  previously  have  been  noted.  Detailed  infor- 
mation for  piping  and  pick-up  allowances  for  steam,  and  hot  water  systems 
is  given  in  Chapter  15  and  for  warm  air  systems  in  Chapters  18  and  19. 

When  the  gross  output,  operating  efficiency,  and  heat  value  of  the  fuel 
are  known,  the  required  rate  of  burning  can  be  determined  by  means  of 
Figs.  21,  22  and  23  for  the  several  fuels. 

As  the  rate  of  fuel  burning  is  directly  proportional  to  the  load  for  a 
given  efficiency,  these  charts  can  be  extended  by  moving  the  decimal 
points  the  same  number  of  digits  in  both  vertical  and  horizontal  scales. 
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oooo    CALORIFIC  VALUE  OF  FUEL 
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FIG.  21.  COAL  FUEL  BURNING  RATE  CHART 
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FIG.  22.  OIL  FUEL  BUKNING  HATE  CHART* 


*  This  chart  is  based  upon  No.  3  oil  having  a  heat  content  of  143,400  Btu  per  gallon.  If  other  grades  of 
oil  are  used  multiply  the  value  obtained  from  this  chart  by  the  following  factors:  No.  1  oil  (139,000  Btu  per 
gallon)  1.032;  No.  2  oil  (141,000  Btu  per  gallon)  1.017;  No.  4  oil  (144,500  Btu  per  gallon)  0.992;  No.  5  oil  (146  000 
Btupergallon)0.982;andNo.6oiUl50,OOOBtupergallon)a.956. 
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The  correct  fuel  burning  rate  can  be  determined  directly  from  the 
several  charts  for  oil  or  gas  burning  installations,  as  these  customarily 
operate  on  a  strictly  intermittent  basis.  These  fuel  burning  devices 
usually  introduce  the  fuel  at  a  single  fixed  rate  during  the  on  periods  and 
this  rate  should  be  sufficient  to  carry  the  gross  load.  In  the  case  of  coal 
stokers,  which  are  usually  capable  of  variable  rates  of  firing,  it  is  desirable 
to  operate  at  as  low  a  rate  as  weather  conditions  will  permit,  but  the  maxi- 
mum firing  rate  of  the  stoker  should  be  sufficient  to  carry  the  gross  load. 
This  rate  may  be  determined  by  the  same  method  as  used  for  oil  or  gas. 
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HEATING  BOILERS,  FURNACES,  SPACE  HEATERS 

BOILERS :  Construction,  Types,  Design  Considerations,  Testing  and  Rating 

Codes,  Efficiency,  Rating,  Selection,  Space  Limitations,  Connections  and 

Fittings,  Erection,  Operation  and  Maintenance.    FURNACES:  Types, 

Materials  and  Construction ,  Ratings,  Testing  and  Rating  Codes, 

Efficiency,  Design  Considerations,  Humidification  Equipment. 

SPACE  HEATERS:  Types:  Solid  Fuel,  Oil,  Gas;  Materials 

and     Construction,     Testing    and    Rating, 

Design  Considerations,  Installation 

IN  presenting  the  subject  of  Boilers,  Furnaces  and  Space  Heaters  this 
chapter  is  divided  into  three  parts;  the  first  dealing  with  boilers,  the 
second  treating  warm  air  furnaces,  and  the  third  covering  space  heaters. 

HEATING  BOILERS 

Steam  and  hot  water  boilers  for  low  pressure  heating  are  built  of  steel  or 
cast-iron  in  a  wide  variety  of  types  and  sizes,  many  of  which  are  illustrated 
in  the  Catalog  Data  Section. 

CONSTRUCTION 

The  nationally  recognized  code  governing  the  construction  of  low-pres- 
sure steel  and  cast-iron  heating  boilers  is  the  ASME  Boiler  Construction 
Code  for  Low  Pressure  Heating  Boilers.  Some  states  and  municipalities 
have  their  own  codes  which  apply  locally,  but  these  are  usually  patterned 
after  the  ASM E  Code. 

The  maximum  allowable  working  pressures  are  limited  by  the  ASME 
Code  to  15  psi  for  steam  and  30  psi  for  hot  water  heating  boilers.  Hot 
water  boilers  may  be  used  for  higher  working  pressures,  for  heating  pur- 
poses or  for  hot  water  supply,  when  designed  and  tested  for  the  higher 
pressure. 

TYPES  OF  HEATING  BOILERS 

Heating  boilers  are  classified  in  a  number  of  different  ways,  such  as : 

1.  According  to  materials  of  construction.    These  are  steel  and  cast-iron.    Very 
few  non-ferrous  boilers  are  made. 

2.  According  to  the  fuels  for  which  the  boilers  are  designed.  These  are  coal,  hand- 
fired  or  stoker-fired;  oil ;  gas ;  or  wood.    Some  boilers  are  designed  specifically  for  one 
fuel,  but  many  boilers  are  designed  for  more  than  one  fuel. 

3.  According  to  the  specific  purpose  or  application  for  which  the  boiler  is  used, 
such  as  space  heating  or  domestic  hot  water  supply. 

4.  According  to  the  design  or  construction  of  the  boiler  such  as  sectional,  round, 
fire-tube,  water-tube,  magazine  feed,  Scotch,  etc. 

Cast-iron  Boilers 

Cast-iron  boilers  are  generally  classified  as : 

1.  Square  or  rectangular  boilers  with  vertical  sections  and  rectangular  grates, 
commonly  known  as  sectional  boilers. 

2.  Round  boilers  with  horizontal  pancake  sections  and  circular  grates. 
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Cast-iron  boilers  are  usually  shipped  in  sections,  and  assembled  at  the 
place  of  installation.  In  the  majority  of  boilers  the  sections  are  assembled 
with  push  nipples  and  tie  rods.  Many  sectional  boilers  are  provided  with 
large  push  nipples  at  top  to  permit  the  circulation  of  water  between  ad- 
jacent sections  at  both  the  water  line  and  bottom  of  the  boiler,  which  is 
necessary  to  enable  the  use  of  an  indirect  water  heater  with  the  boiler  for 
summer-winter  hot  water  supply.  Round  and  sectional  boilers  may  be 
increased  in  size  by  the  addition  of  sections  and  corresponding  plate  work. 

Small  sectional  type  boilers  are  available  with  wet-base  construction, 
wherein  the  ashpit  or  combustion  chamber  sides  and  bottom  are  sur- 
rounded by  extensions  of  the  water  legs  of  the  boiler  sections,  and  thus  no 
separate  base  is  required.  This  type  of  construction  permits  the  boiler 
to  be  set  directly  on  a  wood  or  composition  floor  without  danger  of  fire. 
The  wet-base  also  provides  some  additional  heating  surface. 

Capacities  of  cast-iron  boilers  range  generally  from  capacities  required 
for  small  residences  up  to  about  12,000  sq  ft  of  steam  radiation.  There 
are  a  few  boilers  made  with  capacities  up  to  18,000  sq  ft  of  steam  radiation. 
For  larger  loads,  boilers  must  be  installed  in  multiple. 

Steel  Boilers 

Steel  boilers  may  be  of  the  fire-tube  type,  in  which  the  gases  of  combus- 
tion pass  through  the  tubes  and  the  boiler  water  circulates  around  them, 
or  of  the  water-tube  type,  in  which  the  gases  circulate  around  the  tubes 
and  the  water  passes  through  them. 

Either  the  fire-tube  or  water-tube  type  may  be  designed  with  integral 
water  jacketed  furnaces,  or  arranged  for  refractory  lined  brick  or  refractory 
lined  jacketed  furnaces.  Those  with  integral  water  jacketed  furnaces 
are  called  portable  firebox  boilers,  and  are  the  most  commonly  used  type. 
They  are  usually  shipped  in  one  piece,  ready  for  piping.  Refractory 
furnaces  are  usually  installed  in  refractory  lined  furnace  boilers  after  they 
are  set  in  place. 

Capacities  of  steel  boilers  range  from  those  required  for  small  residences 
up  to  about  35,000  sq  ft  of  steam  radiation. 

Boilers  for  Special  Applications 

One  of  these  is  known  as  the  magazine  feed  boiler  developed  for  the 
burning  of  small  sizes  of  anthracite  and  coke,  and  has  a  large  fuel  carrying 
capacity,  which  results  in  longer  firing  periods  than  would  be  the  case  with 
the  standard  types  burning  coal  of  buckwheat  size.  Special  attention 
must  be  given  to  proper  chimney  sizes  and  connections-,  in  order  to  insure 
adequate  draft. 

Boilers  for  hot  water  supply  are  classified  as  direct,  if  the  water  heated 
passes  through  the  boiler,  and  as  indirect,  if  the  water  heated  does  not 
come  in  contact  with  the  water  or  steam  in  the  boiler. 

Direct  heaters  are  built  to  operate  at  the  pressures  found  in  city  supply 
mains,  and  are  tested  at  pressures  from  200  to  300  Ib  per  square  inch. 
The  life  of  direct  heaters  depends  almost  entirely  on  the  scale-forming 
properties  of  the  water  supplied  and  the  temperatures  maintained.  If 
low  water  temperatures  are  maintained,  the  life  of  the  heater  will  be  much 
longer  due  to  decreased  scale  formation  and  minimized  corrosion.  Direct 
water  heaters  in  some  cases  are  designed  to  burn  refuse  and  garbage. 

Indirect  heaters  generally  consist  of  steam  boilers  in  connection  with 
heat  exchangers  of  the  coil  or  tube  types  which  transmit  the  heat  from  the 
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steam  to  the  water.    This  type  of  installation  has  the  following  advantages : 

1.  The  boiler  operates  at  low  pressure. 

2.  The  boiler  is  protected  from  scale  and  corrosion. 

3.  The  scale  is  formed  in  the  heat  exchanger  in  which  the  parts  to  which  the  scale 
is  attached,  can  be  cleaned  or  replaced.  The  accumulation  of  scale  does  not  affect 
efficiency,  although  it  will  affect  the  capacity  of  heat  exchanger. 

^  4.  Discoloration  of  water  may  be  prevented  if  the  water  supply  comes  in  contact 
with  only  non-ferrous  metal. 

Where  a  steam  or  a  forced  circulation  hot  water  heating  system  is  in- 
stalled, the  domestic  hot  water  may  be  heated  by  an  indirect  heater  at- 
tached to  the  boiler.  For  most  satisfactory  performance  in  the  steam 
system,  this  heater  is  placed  just  below  the  water  line  of  the  boiler.  In  a 
forced  circulation  hot  water  system,  it  should  be  located  as  high  as  possible 
with  respect  to  the  boiler. 

BOILER  DESIGN  CONSIDERATIONS 
Furnace  Design 

Good  efficiency  and  proper  boiler  performance  are  dependent  on  correct 
furnace  design.  There  must  be  sufficient  volume  for  burning  the  particular 
fuel  which  is  used,  and  means  to  obtain  a  thorough  mixing  of  air  and  gases 
at  a  high  temperature  and  at  a  velocity  low  enough  to  permit  complete 
combustion  of  all  the  volatiles.  For  hand-fired  boilers,  the  furnace  volume 
should  be  large  enough  to  hold  sufficient  fuel  for  reasonably  long  firing 
periods.  (See  Chapters  13  and  14. ) 

Heating  Surface 

Boiler  heating  surface  is  that  portion  of  the  surface  of  the  heat  transfer 
apparatus  in  contact  with  the  fluid  being  heated  on  one  side  and  the  gas  or 
refractory  being  cooled  on  the  other  side.  Heating  surface  on  which  the 
fire  shines,  is  known  as  direct  or  radiant  surface,  and  that  in  contact  with 
hot  gases  only,  as  indirect  or  convection  surface.  The  amount  of  heating 
surface,  its  distribution,  and  the  temperatures  on  either  side  thereof,  in- 
fluence the  capacity  of  any  boiler. 

Direct  heating  surface  is  more  valuable  than  indirect  per  square  foot 
because  it  is  subjected  to  a  higher  temperature  and  also,  in  the  case  of 
solid  fuel,  because  it  is  in  position  to  receive  the  full  radiant  energy  of  the 
fuel  bed. 

The  effectiveness  of  the  heating  surface  depends  on  its  cleanliness,  its 
location  in  the  boiler,  and  the  shape  of  the  gas  passages.  The  area  of  the 
gas  passages  must  not  be  so  small  as  to  cause  excessive  resistance  to  the 
flow  of  gases,  where  natural  draft  is  employed.  Inserting  baffles  so  that 
the  heating  surface  is  arranged  in  series  with  respect  to  the  gas  flow,  in- 
creases boiler  efficiency  and  reduces  stack  temperature,  but  increases  the 
draft  loss  through  the  boiler. 

Heat  Transfer  Rate 

Practical  average  overall  heat  transfer  rates,  expressed  in  Btu  absorbed 
per  square  foot  of  surface  per  hour,  will  average  about  3300  for  hand-fired 
boilers,  and  4000  for  mechanically-fired  boilers  when  operating  at  design 
load.  When  mechanically-fired  boilers  are  operating  at  maximum  load, 
as  defined  in  this  chapter  under  heading  Selection  of  Boilers,  these  values 
will  run  between  5000  and  6000.  Boilers  operating  under  favorable  condi- 
tions at  these  heat  transfer  rates,  will  give  exit  gas  temperatures  that  are 


356 


CHAPTER  IS 


1950  Guide 


considered  consistent  with  good  practice,  although  there  are  boilers  which 
have  high  efficiencies  and  also  operate  at  higher  transmission  rates. 

TESTING  AND  RATWG  CODES 

The  Society  has  adopted  four  solid  fuel  testing  codes,  a  solid  fuel  rating 
code,  and  an  oil  fuel  testing  code. 

ASHVE  Standard  and  Short  Form  Heat  Balance  Codes  for  Testing 
Low-Pressure  Steam  Heating  Solid  Fuel  Boilers — Codes  1  and  2 — (Re- 
vision of  June,  1929),1  are  intended  to  provide  a  method  for  conducting 
and  reporting  tests  to  determine  heat  efficiency  and  performance  char- 
acteristics. 

ASHVE  Performance  Test  Code  for  Steam  Heating  Solid  Fuel  Boilers 
—Code  No.  3— (Edition  of  1929)1  is  intended  for  use  with  ASHVE  Code 
for  Rating  Steam  Heating  Solid  Fuel  Hand-Fired  Boilers.2  The  object 
of  this  test  code  is  to  specify  the  tests  to  be  conducted  and  to  provide  a 
method  for  conducting  and  reporting  tests  to  determine  the  efficiencies 
and  performance  of  the  boiler. 

The  ASHVE  Standard  Code  for  Testing  Steam  Heating  Boilers  Burning 
Oil  Fuel,3  (Adopted  June,  1932),  is  intended  to  provide  a  standard  method 
for  conducting  and  reporting  tests  to  determine  the  heating  efficiency  and 
performance  characteristics  when  oil  fuel  is  used  with  steam  heating 
boilers. 

The  ASHVE  Standard  Code  for  Testing  Stoker-Fired  Steam  Heating 
Boilers,4  (Adopted  June,  1938),  is  intended  to  provide  a  test  method  for 
determining  the  efficiency  and  performance  characteristics  of  any  stoker 
and  boiler  combination  burning  any  type  of  solid  fuel,  such  as  anthracite 
or  bituminous  coal. 

The  Steel  Boiler  Institute,  Inc.  has  adopted  a  Rating  Code  for  Com- 
mercial Steel  Boilers  and  Residential  Steel  Boilers,  and  for  Testing  Oil- 
Fired  Residential  Steel  Boilers  (Fifth  Edition  as  Revised  Jan.  1,  1948). 
The  commerical  boilers  (defined  as  those  having  129  to  2500  sq  ft  of  heating 

TABLE  1.    SBI  NET  RATING  DATA  FOB  RESIDENTIAL  STEEL  BOILERS — OIL  FIRED° 


SBI  NET  RATING 

Minimum 
Furnace 
Volume  Cu  Ft 

Heating 
Surface  Sq  Ft 

•Sq  Ft  Steam 

Sq  Ft  Water 

Btu 

275 

440 

66000 

2.5 

16 

320 

510 

77000 

2.9 

19 

400 

640 

96000 

3.6 

24 

550 

880 

132000 

5.0 

32 

700 

1120 

168000 

6.4 

41 

9QO 

1440 

216000 

8.2 

53 

1100 

1760 

264000 

10.0 

65 

1300 

2080 

312000 

11.8 

77 

1500 

2400 

360000 

13.6 

88 

1800 

2880, 

432000 

16.4 

106 

2200 

3520 

528000 

20.0 

129 

2600 

4160 

624000 

23.6 

153 

3000 

4800 

720000 

27.3 

177 

•  Stoker-fired  and  Gas-fired  SBI  Net  Rating  not  greater  than  Oil-fiied.    Hand-fired,  SBI  Net  Rating 
(Steam)  not  greater  than  14  times  the  square  feet  of  heating  surf  ace. 
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surface)  are  rated  in  square  feet  (steam)  on  the  basis  of  heating  surface 
with  limitations  set  for  grate  area,  furnace  volume,  and  furnace  height. 
The  residential  boilers  (defined  as  those  having  not  more  than  177  sq  ft 
of  heating  surface)  are  rated  from  tests  of  oil-fired  boilers,  with  limitations 
in  relation  to  heating  surface  and  testing  conditions.  Stoker-fired  and 
gas-fired  residential  boilers  are  rated  (SBI  Net  Rating)  not  in  excess  of 
the  oil-fired  rating.  Hand-fired  residential  boilers  are  rated  (SBI  Net 
Rating)  not  greater  than  14  times  the  heating  surface. 

Tables  1  and  2  show  the  SBI  ratings  of  residential  and  commercial 
steel  boilers,  respectively. 

The  Institute  of  Boiler  and  Radiator  Manufacturers  has  adopted  a  Code5 
for  rating  cast-iron  heating  boilers,  based  upon  performance  obtained  under 
controlled  test  conditions.  This  Code  applies  to  all  sectional  cast-iron 
heating  boilers  except  those  of  magazine-feed  type. 

The  Gross  I  =  B  =  R  Output  is  obtained  by  test,  and  is  subject  to 
certain  limiting  factors.  For  hand-fired  boilers,  the  number  of  boilers  of  a 
series  to  be  tested,  the  minimum  overall  efficiency,  the  minimum  time 
limit  (the  time  an  Available  Fuel  Charge  will  last  when  burned  at  a  rate 
which  will  produce  the  Gross  I  =  B  —  R  Output),  the  chimney  area  and 
height,  and  the  draft  in  the  stack  are  all  subject  to  the  limits  established 
in  the  Code.  Tests  are  run  using  anthracite  coal  of  standard  specification. 
Bituminous  coal  and  coke  ratings  are  the  same  as  for  anthracite  coal. 

For  automatically-fired  boilers,  the  number  of  boilers  of  a  series  to  be 
tested,  the  flue  gas  temperature  and  analysis,  the  minimum  overall 
efficiency,  the  draft  loss  through  the  boiler,  and  the  heat  release  in  the 
combustion  chamber  are  subjected  to  limitation  by  the  Code,6  Auto- 
matically-fired boiler  ratings  are  established  by  oil-fired  tests  using  gun 
type  oil  burners  and  commercial  grade  No.  2  fuel  oil.  Stoker-fired  and 
gas-fired  ratings  (where  no  A.G.A.  Rating  is  published)  are  based  on  the 
Gross  I=B  —  R  Output  obtained  by  oil-fired  tests. 

The  Net  I  =  B  =  R  Rating  is  determined  from  the  Gross  I  ~  B  =  R 
Output  by  applying  specified  Piping  and  Pickup  Factors  which  range  from 
2,36  to  1.40  for  hand-fired  boilers,  and  from  1.56  to  1.288  for  automatically- 
fired  boilers.  In  both  cases,  the  factor  decreases  as  the  boiler  size  in- 
creases. Table  3  is  abstracted  from  the  J  =  B  =  R  Rating  Tables  in  the 
Code  and  illustrates  the  relationship  between  Net  I  =  B  =  R  Rating  and 
Gross  I  =  B~R  Output. 

The  American  Gas  Association  has  adopted  a  method  of  rating  gas 
designed  boilers  upon  performance  under  tests.  This  method  is  described 
in  Approval  Requirements  for  Central  Heating  Gas  Appliances. 

The  Heating,  Piping  and  Air  Conditioning  Contractors  National  As- 
soeiation  has  adopted  a  method,  based  on  their  physical  characteristics  for 
rating  boilers  that  are  not  rated  in  accordance  with  the  SBI  or  I  =  B  =  R 
Codes.  Ratings  are  expressed  on  a  Net  Load  basis  in  square  feet  of  steam 
radiation. 

BOILER  EFFICIENCY 

The  term  efficiency,  as  used  for  guarantee  of  boiler  performance,  is  usu- 
ally construed  as  follows: 

1.  Solid  Fuels.  The  efficiency  of  the  boiler  alone  is  the  ratio  of  the  heat  absorbed 
by  the  water  and  steam  in  the  boiler  j>er  pound  of  combustible  burned  on  the  grate,  to 
the  calorific  value  of  1  Ib  of  combustible  as  fired.  The  combined  efficiency  of  boiler, 
furnace  and  grate  is  the  ratio  of  the  heat  absorbed  by  the  water  and  steam  in  the  boiler 
per  pound  of  fuel  as  fired,  to  the  calorific  value  of  1  Ib  of  fuel  as  fired. 
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NET/«£=.K 

HAND-FERED 

AUTOMATIC-FlRED 

RATING 

SqFt 
Steam 

1000 
Btu 

Piping 
Factor 

Piping 
and 
Pickup* 
Factor 

Gross 
I=B=R 
Output 
1000 
Btu 

Time 
Available 
Fuel  Will 
Last, 
Hr 

Maximum 
Stack 
Height** 
Ft 

Minimum 
Stack 
Areab 
Sqln, 

Piping 
and 
Pickup6 
Factor 

Gross 
I=B=R 
Output 
1000 
Btu 

Minimum 
Stack 
Areab 
Sqln. 

Maximum 
Allowable 
Draft 
Loss 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

100 

24.0 

1.300 

2.360 

56.6 

7.50 

29.0 

50.0 

1.560 

37.4 

50.0 

0.044 

250 

60.0 

1.293 

2.341 

140.5 

6.77 

33.0 

50.0 

1.548 

92.9 

50.0 

0.051 

400 

96.0 

1.275 

2.268 

217.7 

6.32 

36.5 

50.0 

1.525 

146.4 

50.0 

0.058 

550 

132.0 

1.260 

2.201 

290.S 

5.99 

39.5 

50.0 

1.507 

198.9 

50.0 

0.065 

700 

168.0 

1.248 

2.139 

359.4 

5.73 

42.0 

54.0 

1.492 

250.7 

50.0 

0.072 

850 

204.0 

1.236 

2.084 

425.1 

5.50 

44.0 

68.5 

1.478 

301.5 

50.0 

0.078 

1000 

2400 

1.225 

2.039 

489.4 

5.32 

46.0 

82.0 

1.466 

351.8 

52.0 

0.084 

11.50 

276 

1.215 

2,001 

552 

5.15 

47.5 

95.5 

1.454 

401 

63.0 

0.090 

1300 

312 

1.205 

1.967 

614 

4.99 

49.0 

110.0 

1.444 

451 

73.5 

0.096 

1450 

348 

1.198 

1.939 

675 

4.85 

50.5 

122.5 

1.434 

499 

84.0 

0.102 

1600 

384 

1.190 

1.914 

735 

4.73 

52.0 

135.0 

1.424 

547 

95.0 

0.108 

1750 

420 

1.182 

1.891 

794 

4.60 

53.0 

147.0 

1,416 

595 

105.0 

0.113 

1900 

456 

1.177 

1.872 

854 

4.49 

54.5 

160.0 

1.408 

642 

115.0 

0.118 

2050 

492 

1.169 

1.855 

913 

4.41 

55.5 

172.0 

1.401 

689 

125.0 

0.124 

2200 

528 

1.162 

1.837 

970 

4.34 

56.5 

185.0 

1.394 

736 

135,0 

0.130 

23.50 

1564 

1.158 

1.821 

1027 

4.29 

58.0 

196.0 

1.388 

783 

145.0 

0.136 

2500 

'600 

1.152 

1.805 

1083 

4.24 

59.0 

207.5 

1.382 

829 

155.0 

0.141 

2650 

£36 

1.148 

1.789 

1138 

4.19 

60.0 

219.0 

1.376 

875 

165.0 

0.146 

2800 

,672 

1.142 

L774 

1192 

4.15 

61.0 

231.0 

1.369 

920 

173.5 

0.152 

2950 

708 

1.139 

1.759 

1245 

4.11 

62.0 

242.0 

1.364 

966 

183.5 

0.157 

3100 

744 

1.136 

1.744 

1298 

4.07 

63.0 

253.0 

1.359 

1011 

192.5 

0.162 

3250 

780 

1.132 

1.730 

1349 

4.03 

64.0 

264.0 

1.354 

1056 

202.5 

0.167 

3400 

816 

1.129 

1.717 

1401 

4.00 

64.5 

275.0 

1.349 

1101 

211,5 

0.172 

3550 

852 

1.128 

1,704 

1452 

4.00 

65.5 

286.0 

1.344 

1145 

221.0 

0.178 

3700 

888 

1,122 

1.691 

1502 

4.00 

66.5 

296.0 

1.339 

1189 

230.0 

0.183 

3850 

924 

1.121 

1.678 

1550 

4.00 

67.5 

306.0 

1.335 

1234 

239.5 

0.188 

4000 

960 

1.120 

1.666 

1599 

4.00 

68.0 

315.0 

1.331 

1278 

249.0 

0.192 

4200 

1008 

1.120 

1.650 

1663 

4.00 

69.0 

326.0 

1.325 

1336 

261.5 

0.200 

4400 

1056 

1.120 

1.634 

1726 

4.00 

70.0 

337.0 

U20 

1394 

274.0 

0.206 

4600 

1104 

1.120 

1.620 

1788 

4.00 

70.5 

349.0 

1.314 

1451 

285.5 

4800 

1152 

1.120 

1.605 

1849 

4.00 

71.5 

358.® 

1.310 

1509 

297.0 

5000 

1200 

1.120 

1.590 

1908 

4.00 

72.5 

367.0 

1.305 

1566 

308.0 

5200 

1248 

1.120 

1.577 

1968 

4.00 

73.0 

376.0 

1.301 

1624- 

318.5 

5400 

1296 

1.120 

1.564 

2027 

4.00 

74.0 

385.0 

1.297 

1681 

329.5 

w  ^ 

5600 

1344 

1.120 

1.552 

2086 

4.00 

74.5 

393.0 

1.294 

1739 

339.0 



5800 

1392 

1.120 

1.539 

2142 

4.00 

75.5 

402.0 

1.291 

1797 

350,0 

6000 

1440 

1.120 

1.526 

2197 

4.00 

76.0 

409.0 

1.290 

1858 

359.0 



6200 

1488 

1.120 

1.514 

2253 

4.00 

77.0 

417 

1.289 

1918 

369 

...„.- 

6400 

1536 

1.120 

1.502 

2307 

4.00 

77.5 

425 

1.288 

1978 

377 

^_ 

6600 

1584 

1.120 

1.491 

2362 

4.00 

78.0 

431 

1.288 

2040 

386 



6800 

1632 

1.120 

1.480 

2415 

4.00 

79.0 

438 

1.288 

2102 

395 

7000 

1680 

1.120 

1.470 

2470 

4.00 

79.5  . 

446 

L288 

2164 

405 

........ 

7500 

1800 

1.120 

1.447 

2605 

4.00 

81.5 

464 

1.288 

2318 

426 

.  

8000 

1920 

1.120 

1.426 

2738 

4,00 

83.0 

481 

1.288 

2473 

446 

m 

8500 

2040 

1.120 

1.409 

2874 

4.00 

85.0 

497 

1.288 

2628 

467 



9000 

2160 

1.120 

1.400 

3024 

4.00 

87.0 

515 

1.288 

2782 

486 

9500 

2280 

1.120 

1.400 

3192 

4.00 

89.0 

535 

1.288 

2937 

504 

.._...„ 

10000 

2400 

1.120 

1.400 

3360 

4.00 

91.5 

555 

1.288 

3091 

522 

.....~. 

11000 

2640 

1.120 

1.400 

3696 

4.00 

95.0 

595 

1.288 

3400 

560 



12000 

2880 

1.120 

1.400 

4032 

4.00 

99.0 

634 

1.288 

3709 

596 

13000 

3120 

1.120 

1.400 

4368 

4.00 

103.0 

673 

1.288 

4019 

633 

14000 

3360 

1.120 

1.400 

4704 

4.00 

106.5 

712 

1,288 

4328 

668 



15000 

3600 

1.120 

1.400 

5040 

4.00 

109.5 

751 

1.288 

4637 

704 

16000 

3840 

1.120 

1.400 

5376 

4.00 

112.5 

789 

1.288 

4946 

740 



17000 

4080 

1.120 

1.400 

5712 

4.00 

115.5 

827 

1.288 

5255 

776 



18000 

4320 

1.120 

1.400 

6048 

4.00 

118.0 

863 

1.288 

5564 

810 

19000 

4560 

1.120 

1.400 

6384 

4.00 

120.0 

899 

1.288 

5873 

844 

........ 

20000 

4800 

1.120 

1.400 

6720 

4.00 

120.0 

900 

1.288 

6182 

877 



f  Includes  pickup  allowance  and  correction  for  difference  between  test  and  operating  conditions. 
b  To  be  specified  in  catalog. 
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2.  Liquid  and  Gaseous  Fuels.  The  combined  efficiency  of  boiler,  furnace  and  burner 
is  the  ratio  of  the  heat  absorbed  by  the  water  and  steam  in  the  boiler  per  pound  or 
cubic  foot  of  fuel,  to  the  calorific  value  of  1  Ib  or  cubic  foot  of  fuel,  respectively. 

The  following  efficiencies  apply  to  current  designs  of  boilers  operated 
under  favorable  conditions  at  their  gross  output  ratings.  Some  older 
boilers,  designed  primarily  for  hand  firing,  may  have  lower  efficiencies  when 
automatically  fired. 

Anthracite,  hand-fired 60  to  75  per  cent 

Bituminous  coal,  hand-fired 50  to  65  per  cent 

Stoker-fired 60  to  75  per  cent 

Oil  and  gas-fired 70  to  80  per  cent 

Higher  efficiencies  for  hand-fired  bituminous  coal,  may  be  obtained  by 
careful  firing  of  either  a  regular  or  a  smokeless  boiler. 

RATMG  OF  BOILERS 

In  referring  to  boiler  rating,  it  is  necessary  to  know  the  basis  on  which  the 
rating  has  been  established  in  order  to  understand  the  exact  meaning  of 
the  term.  The  following  example  will  illustrate  the  meaning  of  three 
ratings  which  might  be  established  for  the  same  boiler. 

Assume  that  an  installation  has  the  following  loads  determined  in  accordance  with 
the  section  Selection  of  Boilers: 

Net  Load 1000  sq  ft  of  steam  radiation 

Piping  Tax 200  sq  ft  of  steam  radiation 

Design  Load 1200  sq  ft  of  steam  radiation 

Pickup  Allowance 240  sq  ft  of  steam  radiation 

Maximum  or  Gross  Load 1440  sq  ft  of  steam  radiation 

A  boiler  that  is  just  large  enough  to  carry  this  system  might  be  said  to 
have  a  net  load  rating  of  1000  sq  ft,  a  design  load  rating  of  1200  sq  ft,  or  a 
gross  load  rating  of  1440  sq  ft,  depending  on  the  basis  on  which  the  boiler 
is  rated. 

On  a  net  load  basis  the  boiler  would  be  rated  1000  sq  ft  of  steam  radiation 
and  would  have  sufficient  excess  capacity  to  supply  the  normal  piping  and 
pickup  load.  Net  I~B~R  Ratings,  SB  I  Net  Ratings,  and  Net  Load 
Ratings  of  the  Heating,  Piping  and  Air  Conditioning  Contractors  National 
Association  are  established  on  this  basis. 

On  a  design  load  basis  the  boiler  would  be  rated  1200  sq  ft  of  steam  radia- 
tion and  would  have  sufficient  excess  capacity  to  supply  the  pickup  load. 
It  would  be  of  adequate  size  for  a  system  in  which  the  sum  of  the  net  load 
and  the  piping  heat  loss  did  not  exceed  1200  sq  ft  of  steam  radiation.  The 
SBI  Ratings  shown  in  columns  1,  2,  3, 10,  11  and  12  of  Table  2  (not  to  be 
confused  with  SBI  Net  Rating)  are  established  on  a  design  load  basis. 

On  a  gross  output  basis  of  rating,  the  boiler  would  be  rated  1440  sq  ft  of 
steam  radiation  and  would  be  of  adequate  size  for  a  system  in  which  the 
sum  of  the  net  load,  piping  load,  and  pickup  load  did  not  exceed  1440  sq 
ft  of  steam  radiation.  Gross  I  =  B  =  R  Output  and  A. G. A.  Ratings  are 
established  on  a  gross  output  basis. 

In  the  determination  of  boiler  ratings,  the  Gross  Output  is  the  quantity 
of  heat  available  at  the  boiler  nozzle,  with  the  boiler  normally  insulated 
and  when  operating  under  limitations  stipulated  in  the  code  or  method  by 
which  the  boiler  is  rated.  The  boiler  may  be  capable  of  producing  a  greater 
nozzle  output,  but  in  doing  so  would  exceed  some  of  these  limitations. 
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SELECTION  OF  BOILERS 
General  Factors 

The  Maximum  Load  or  Gross  Load  on  the  boiler  is  the  sum  of  the  four 
following  items. 

The  Design  Load  is  the  sum  of  items  1,  2,  and  3. 
The  Net  Load  is  the  sum  of  items  1  and  2. 

1.  Radiation  Load.    The  estimated  heat  emission,  in  Btu  per  hour  of  the  connected 
radiation  (direct,  indirect,  or  forced  convection  coils)  to  be  installed. 

The  connected  radiation  is  determined  by  calculating  the  heat  losses  for  each  room 
in  accordance  with  data  given  in  Chapters  93  10  and  11.  The  sum  of  the  calculated 
heat  losses  for  all  the  rooms  represents  the  total  required  heat  emission  of  the  con- 
nected radiation,  expressed  in  Btu  per  hour.  As  practically  all  boilers  are  now  rated 
on  a  Btu  basis,  it  is  unnecessary  to  convert  the  radiation  load  to  square  feet  of  equiva- 
lent direct  radiation. 

2.  Hot  Water  Supply  Load.    The  estimated  maximum  heat  in  Btu  per  hour  re- 
quired to  heat  water  for  domestic  use. 

I-B-R  recommends  that  allowance  for  hot  water  supply  load  be  made  only  for 
bathrooms  in  excess  of  two,  as  follows :  Instantaneous  Coil  12,000  Btu  per  hour,  and 
for  Storage  Tank  installation  120  Btu  per  (hour)  (gallon  of  tank  capacity).  For 
instantaneous  coil  installations  the  boiler  capacity  should  not  be  less  than  required 
to  heat  2  to  3  gal  of  water,  100  deg  per  min.  See  also  Chapter  48. 

3.  Piping  Tax.    The  estimated  heat  emission  in  Btu  per  hour  of  the  piping  con- 
necting the  radiation  and  other  apparatus  to  the  boiler. 

As  the  heating  industry  as  a  whole  is  not  entirely  agreed  upon  piping  tax 
allowances  for  different  sizes  of  installations,  it  is  better  to  compute  the  heat  emission 
from  both  bare  and  covered  pipe  surface  in  accordance  with  data  in  Chapter  27.  In 
average  house  heating  systems,  it  is  common  practice  to  consider  the  piping  tax  to 
be  equal  to  25  per  cent  of  the  Net  Load.  In  determining  Net  I—B—R  Ratings  from 
Gross  I=B~R  Output,  the  piping  factor  allowed  varies  from  30  per  cent  for  small 
boilers  to  12  per  cent  for  larger  boilers. 

4.  Warming-Up  or  Pick-Up  Allowance.    The  estimated  increase  in  the  normal  load 
in  Btu  per  hour  caused  by  the  heating  up  of  the  cold  system. 

The  warming-up  allowance  represents  the  load  due  to  heating  the  boiler  and  con- 
tents to  operating  temperature,  and  heating  up  cold  radiation  and  piping.  The  fac- 
tors to  be  used  for  determining  the  allowance  to  be  made  should  be  selected  from 
Table  4. 

TABLE  4.    WARMING-TIP  ALLOWANCES  FOR  HAND-FIRED  LOW-PBESSTTBE  STEAM  AND 
HOT  WATER  HEATING  BOILERS*-  b-  ° 


DESIGN  LOAD  (RBPMWBNTOW  SUMMATION  os-  ITEMS  1,  2,  AND  3) 

PBBCENTAGI  CAPACITY  TO  ADD 
roa  WARMINCH-UPO 

Btu  per  Hour 

Equivalent  Square  Feet  of  Radiation^ 

Up  to  100,000 
100,000  to  200,000 
200,000  to  600,000 
600,000  to  1,200,000 
1,200,000  to  l,800rOOO 
Above  1,800,000 

Up  to  420 
420  to  840 
840  to  2500 
2500  to  5000 
5000  to  7500 
Above  7500 

65 
60 
55 
50 
45 
40 

*  This  table  is  taken  from  the  A.S.H.V.E.  Code  of  Minimum  Requirements  for  the  Heating  and  Ventilation 
of  Buildings,  except  that  the  second  column  has  been  added  for  convenience  in  interpreting  the  design  load  in 
terms  of  equivalent  square  feet  of  radiation, 

b  See  also  Time  Analysis  in  Starting  Heating  Apparatus,  by  Ralph  C.  Taggart  (A.S.H.V.E.  THANSACTIONS, 
Vol.  19, 1913,  p.  292);  Report  of  A.S.H.V.E.  Continuing  Committee  on  Codes  for  Testing  and  Rating  Steam 
Heating  Solid  Fuel  Boilers  (A.S.H.V.E.  TBANSACTIONS,  Vol.  36, 1930»  p.  35);  Selecting  the  Right  Size  Heating 
Boiler,  by  Sabin  Crocker  (Heating,  Piping  and  Air  Conditioning,  March,  1932). 

0  This  table  refers  to  hand-fired,  solid  fuel  boilers.  A  factor  of  20  per  cent  over  design  load  is  adequate  when 
automatically- fired  Juda  are  used, 

d  2404"  Btu  per  squaw  foot, 
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Other  items  to  be  considered  in  boiler  selection  are : 

a.  Efficiency  with  hard  or  soft  coal,  gas,  or  oil  firing,  as  the  case  may  be. 

6.  Grate  area  with  hand  fired  coal,  or  fuel  burning  rate  with  stokerss  oil,  or  gas. 

c.  Combustion  space  in  the  furnace. 

d.  Type  of  heat  liberation,  whether  continuous  or  intermittent,  or  a  combination 
of  both. 

e.  Convenience  in  firing  and  cleaning. 

/.  Adaptability  to  changes  in  fuel  and  kind  of  attention. 

0.  Height  of  water  line. 

h.  Miscellaneous  items  such  as  draft  available,  possibility  of  future  extension, 
possibility  of  break-down,  and  head  room  in  the  boiler  room. 

1.  The  most  economical  size  of  boiler  is  usually  one  that  is  just  the  right  size  for 
the  load.    Either  larger  or  smaller  boilers  may  be  less  economical. 

Cast-iron  Boilers 

Net  load  ratings  of  cast-iron  boilers  are  usually  available  from  manu- 
facturers' catalogs.  They  may  also  be  obtained  conveniently  from  pub- 
lished tables  of  /  =  B  =  R  ratings,6  or  from  recommendations  of  the 
Heating,  Piping  and  Air  Conditioning  Contractors  National  Association7 
and  can  be  used  in  selection  of  boilers,  unless  the  heating  system  contains 
an  unusual  amount  of  bare  pipe,  or  the  nature  of  the  connected  load  is 
such  that  the  normal  allowances  for  pipe  loss  and  pickup  do  not  apply* 
In  such  a  case,  the  selection  must  be  based  on  the  gross  output. 

Steel  Heating  Boilers 

SB  I  catalog  ratings,  in  accordance  with  the  previously  mentioned  Steel 
Boiler  Institute,  Inc.  code,  are  intended  to  correspond  with  the  estimated 


TABLE  5.    PRACTICAL  COMBUSTION  RATES  FOR  COAL-FIRED  HEATING  BOILERS 

OPERATING  AT  MAXIMUM  LOAD  ON  NATURAL  DRAFT  OF  FROM  i  IN. 

TO  J  IN.  WATER* 


KIND  OF  COAL 

SQ  FT  GRATB 

LB  OF  COAL  PER  SQ  FT 
GRATE  PER  HOUR. 

No.  1  Buckwheat  Anthracite 

Up  to  4 
5  to  9 
10  to  14 
15  to  19 
20  to  25 

3 

m 
m 

5 

Anthracite  Pea 

Up  to  9 
10  to  19 
20  to  25 

5 
5M 
6 

Anthracite  Nut  and  Larger 

Up  to  4 
5  to  9 
10  to  14 
15  to  19 
20  to  25 

8 
9 
10 
11 
13 

Bituminous 

Up  to  4 
5  to  14 
15  and  above 

9.5 
12 
15.5 

*  Steel  boilers  usually  have  higher  combustion  rates  for  grate  areas  exceeding  15  sq  ft  than  those  indicated 
in  t  ma  table . 
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design  load.  When  the  heat  emission  of  the  piping  is  not  known,  the 
net  load  to  be  considered  for  the  boiler  may  be  determined  from  Tables  1 
and  2.  The  difference  between  design  load  and  net  load  represents  an 
amount  which  is  considered  normal  for  piping  loss  of  the  ordinary  heating 
system. 

Boilers  with  less  than  177  sq  ft  of  heating  surface,  and  having  SBI  net 
ratings  (steam)  of  not  more  than  3,000  sq  ft  if  mechanically-fired  and  2,480 
sq  jft  if  hand-fired,  are  classified  as  residence  size.  An  insulated  residence 
boiler  for  oil,  gas,  or  stoker  firing  may  carry  a  net  load  expressed  in  square 
feet  of  steam  radiation  of  not  more  than  17  times  the  square  feet  of  heating 
surface  in  the  boiler,  provided  the  boiler  has  been  tested  in  accordance  with 
the  SBI  Code  for  Testing  Oil-Fired  Steel  Boilers  at  output  rates  of  125, 
150,  and  175  per  cent  of  the  SBI  Net  Rating.  The  SBI  Net  Rating 
(square  feet  steam)  for  hand-fired  residence  boilers  is  not  greater  than  14 
times  the  heating  surface.  If  the  heat  loss  from  the  piping  system  exceeds 
20  per  cent  of  the  installed  radiation,  the  excess  is  to  be  considered  as  a 
part  of  the  net  load. 

Heating  Surface  and  Grate  Area  Basis 

Where  neither  the  net  load  nor  gross  output  ratings  based  upon  per- 
formance tests  are  available,  a  good  general  rule  for  conventionally  de- 
signed boilers  is  to  provide  1  sq  ft  of  boiler  heating  surface  for  each  14 
sq  ft  of  equivalent  radiation  (240  Btu  per  square  foot)  represented  by  the 
design  load.  This  is  equivalent  to  allowing  10  sq  ft  of  boiler  heating 
surface  per  boiler  horsepower.  In  this  case  it  is  assumed  that  the  maximum 
load  including  the  warming-up  allowance  will  be  provided  for  by  operating 
the  boiler  in  excess  of  the  design  load,  that  is,  in  excess  of  the  100  per  cent 
rating  on  a  boiler-horsepower  basis.  SBI  ratings  for  hand  firing  are  based 
on  10  sq  ft  of  heating  surface  per  boiler  horsepower. 

Due  to  the  wide  variation  which  may  be  encountered  in  manufacturers' 
ratings  for  boilers  of  approximately  the  same  capacity,  it  is  advisable  to 
check  the  grate  area  required  for  heating  boilers  burning  solid  fuel  by 
means  of  the  following  formula : 

-      *  CD 


CXFXE 
where 

0  =  grate  area,  square  feet. 

H  =  required  gross  output  of  the  boiler,  Btu  per  hour  (see  Selection  of  Boilers) . 

C  =  desirable  combustion  rate  for  fuel  selected,  pounds  of  dry  coal  per  square  foot 

of  grate  per  hour  (see  Table  5) . 
F  =  calorific  value  of  fuel,  Btu  per  pound. 
E  =  efficiency  of  boiler,  usually  taken  as  0.60. 

Example  1.  Determine  the  grate  area  for  a  required  gross  output  of  the  boiler  of 
500,000  Btu  per  hour,  a  combustion  rate  of  6  Ib  per  hour,  a  calorific  value  of  13,000 
Btu  per  pound,  and  an  efficiency  of  60  per  cent. 


The  boiler  selected  should  have  a  grate  area  not  less  than  that  determined 
by  Equation  L  With  small  boilers,  where  it  is  desired  to  provide  sufficient 
coal  capacity  for  approximately  an  eight-hour  firing  period  plus  a  20  per 
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cent  reserve  for  igniting  a  new  charge,  more  grate  area  may  be  required 
depending  upon  the  depth  of  the  fuel  pot. 

Gas-Fired  Boilers 

After  determining  the  net  load  for  the  installation,  gas  designed  boilers 
can  usually  be  selected  from  manufacturers'  tables  of  net  load  ratings  which 
are  based  on  piping  and  pickup  allowances  varying  from  56  per  cent  for 
boilers  of  200  sq  ft  and  less,  to  35  per  cent  for  boilers  of  4000  sq  ft  and  larger. 
If  the  piping  and  pickup  load  or  other  factors  create  an  unusual  load,  a 
boiler  should  be  selected  which  has  an  A.G.A.  output  rating  equal  to  the 
maximum  output  required.  Detailed  recommendations  for  selection  of 
gas  designed  boilers  are  given  in  the  A.G.A.  publication,  Comfort  Heating. 8 

SPACE  LIMITATIONS 

Boiler  rooms  should,  if  possible,  be  situated  at  a  central  point  with 
respect  to  the  building,  and  should  be  designed  for  a  maximum  of  natural 
light.  The  space  in  front  of  the  boilers  should  be  sufficient  for  firing,  stok- 
ing, ash  removal  and  cleaning  or  renewal  of  flue  tubes,  and  Should  be  at 
least  3  ft  greater  than  the  length  of  the  tubes. 

A  space  of  at  least  3  ft  should  be  allowed  on  at  least  one  side  of  every 
boiler  for  convenience  of  erection  and  for  accessibility  to  the  various  damp- 
ers, cleanouts,  and  trimmings.  The  space  at  the  rear  of  the  boiler  should 
be  ample  for  the  chimney  connection  and  for  cleanouts.  With  large  boilers 
the  rear  clearance  should  be  at  least  3  ft  in  width. 

The  boiler  room  height  should  be  sufficient  for  the  location  of  boiler 
accessories,  and  for  proper  installation  of  piping.  In  general,  the  ceiling 
height  for  small  steam  boilers  should  be  at  least  3  ft  above  the  normal 
boiler  water  line.  With  vapor  heating,  especially,  the  height  above  the 
boiler  water  line  is  of  vital  importance. 

CONNECTIONS  AND  FITTINGS 

Steam  outlet  connections  should  be  the  full  size  of  the  manufacturers' 
tappings,  in  order  to  keep  the  velocity  of  flow;  through  the  outlet  reasonably 
low,  and  to  avoid  fluctuation  of  the  water  line  and  undue  entrainment  of 
moisture,  and  should  extend  vertically  to  the  maximum  height  available 
above  the  boiler.  A  steam  velocity  in  boiler  outlets  not  exceeding  25  to 
30  fps  at  maximum  load  is  recommended,  unless  data  are  available  to  show 
that  a  higher  velocity  is  satisfactory. 

Particular  attention  should  be  given  to  fitting  connections  to  secure  con- 
formity with  the  ASME  Boiler  Construction  Code  for  Low  Pressure  Heat- 
ing Boilers.  Attention  is  called  in  particular  to  pressure  gage  piping, 
water  gage  connections,  and  safety  valve  capacity. 

Where  a  return  header  is  used  on  a  cast-iron  sectional  boiler  to  distribute 
the  returns  to  both  rear  tappings,  it  is  advisable  to  provide  full  size  plugged 
tees  instead  of  elbows  where  the  branch  connections  enter  the  return  tap- 
pings. This  aids  in  cleaning  of  sludge  from  the  bottom  of  the  boiler  sec- 
tions through  the  large  plugged  openings.  An  equivalent  cleanout  plug 
should  be  provided  in  the  case  of  a  single  return  connection. 

Blow-off  or  drain  connections  should  be  made  near  the  boiler,  and  so 
arranged  that  the  entire  system  may  be  drained  of  water  by  opening  the 
drain  cock.  In  the  case  of  two  or  more  boilers  separate  blow-off  connec- 
tions must  be  provided  for  each  boiler,  on  the  boiler  side  of  the  stop  valve 
on  the  main  return  connection. 

Water  service  connections  must  be  provided  for  both  steam  and  water 
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boilers,  for  refilling  and  for  the  addition  of  make-up  water  to  boilers.  This 
connection  is  usually  of  galvanized  steel  pipe,  and  is  made  to  the  return 
main  near  the  boiler  or  boilers. 

For  further  data  on  pipe  connections  for  steam  and  hot  water  heating 
systems,  see  Chapter  20  and  21  and  the  ASME  Boiler  Construction  Code 
for  Low  Pressure  Heating  Boilers. 

Smoke  Breeching  and  Chimney  Connections.  The  breeching  or  smoke 
pipe  from  the  boiler  outlet  to  the  chimney  should  be  air-tight  and  as  short 
and  direct  as  possible,  preference  being  given  to  long  radius  and  45-deg 
instead  of  90-deg  bends.  The  breeching  entering  a  brick  chimney  should 
not  project  beyond  the  flue  lining,  and  where  practicable  it  should  be  grouted 
from  the  inside  of  the  chimney.  A  thimble  or  sleeve  usually  is  provided 
where  the  breeching  enters  a  brick  chimney. 

Where  a  battery  of  boilers  is  connected  into  a  breeching,  each  boiler 
should  be  provided  with  a  tight  damper.  The  breeching  for  a  battery  of 
boilers  should  not  be  reduced  in  size  as  it  goes  to  the  more  remote  boilers. 
Good  connections  made  to  a  good  chimney  will  usually  result  in  a  rapid 
response  by  the  boilers  to  demands  for  heat. 

ERECTION,  OPERATION,  AND  MAmTEWANCE 

The  directions  of  the  boiler  manufacturer  should  always  be  read  before 
the  assembly  or  installation  of  any  boiler  is  started,  even  though  the  con- 
tractor may  be  familiar  with  the  boiler.  All  joints  requiring  boiler  putty 
or  cement,  which  cannot  be  reached  after  assembly  is  complete,  must  be 
finished  as  the  assembly  progresses. 

Five  precautions  that  should  be  taken  in  all  installations  to  prevent 
damage  to  the  boiler  are : 

1.  There  should  be  provided  proper  and  convenient  drainage  connections  for  use  if 
the  boiler  is  not  in  operation  during  freezing  weather. 

2.  Strains  on  the  boiler?  due  to  movement  of  piping  during  expansion,  should  be 
prevented  by  suitable  anchoring  of  piping,  and  by  proper  provision  for  pipe  expansion 
and  contraction. 

3.  Direct  impingement  of  too  intense  local  heat  upon  any  part  of  the  boiler  surface, 
as  with  oil  burners,  should  be  avoided  by  protecting  the  surface  with  firebrick  or 
other  refractory  material. 

4.  Condensation  in  steam  systems  must  flow  back  to  the  boiler  as  rapidly  and  uni- 
formly as  possible.    Eeturn  connections  should  prevent  the  water  from  backing  out 
of  the  boiler. 

5.  Automatic  boiler  feeders  and  low  water  cut-off  devices  which  shut  off  the  source 
of  heat  if  the  water  in  the  boiler  falls  below  a  safe  level,  are  recommended  for 
mechanically-fired  boilers. 

Boiler  Troubles 

A  complaint  regarding  boiler  operation  generally  will  be  found  to  be 
due  to  one  of  the  following : 

1.  The  boiler  fails  to  deliver  enough  heat.    The  cause  of  this  condition  may  be:  (a) 
poor  draft;  (6)  poor  fuel;  (c)  inferior  attention  or  firing;  (d)  boiler  too  small;  0)  im- 
proper piping;  (/)  improper  arrangement  of  sections;  (g\  heating  surfaces  covered 
with  soot;  (h)  insufficient  radiation  installed;  and  (i)  with  mechanical  firing,  fuel 
burning  equipment  too  small, 

2.  The  water  line  is  unsteady.    The  cause  of  this  condition  may  be:  (a)  grease  and 
dirt  in  boiler;  (6)  water  column  connected  to  a  very  active  section  and,  therefore,  not 
showing  actual  water  level  in  boiler;  and  (c)  boiler  operating  at  excessive  rate  of  out- 
put. 

3.  Water  disappears  from  gage  glass.    This  may  be  caused  by:  (a)  priming  due  to 
grease  and  dirt  in  boiler;  (&)  too  great  pressure  difference  between  supply  and  return 
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piping  preventing  return  of  condensation;  (c)  valve  closed  in  return  line;  (d)  connec- 
tion of  bottom  of  water  column  into  a  very  active  section  or  thin  waterway;  and  (e) 
improper  connections  between  boilers  in  battery  permitting  boiler  with  excess  pres- 
sure to  push  returning  condensation  into  boiler  with  lower  pressure. 

4.  Water  is  carried  over  into  steam  main.    This  may  be  caused  by:  (a)  grease  and 
dirt  in  boiler;  (6)  insufficient  steam  dome  or  too  small  steam  liberating  area;  (c)  outlet 
connections  of  too  small  area;  (d)  excessive  rate  of  output;  and  (e)  water  level  carried 
higher  than  specified. 

5.  Boiler  is  slow  in  response^  to  operation  of  dampers.    This  may  be  due  to :  (a)  poor 
draft  resulting  from  air  leaks  into  chimney  or  breeching;  (6)  inferior  fuel;  (c)  inferior 
attention;  (d)  accumulation  of  clinker  on  grate;  and  (e)  boiler  too  small  for  the  load. 

6.  Boiler  requires  too  frequent  cleaning  of  flues.    This  may  be  due  to :  (a)  poor  draft ; 
(6)  smoky  combustion;  (c)  too  low  a  rate  of  combustion;  and  (d)  too  much  excess  air 
in  firebox  causing  chilling  of  gases. 

7.  Boiler  smokes  through  fire  door.    This  may  be  due  to :  (a)  defective  draft  in  chim- 
ney or  incorrect  setting  of  dampers;  (6)  air  leaks  into  boiler  or  breeching;  (c)  gas  out- 
let from  firebox  plugged  with  fuel;  (d)  dirty  or  clogged  flues;  and  (e)  improper  reduc- 
tion in  breeching  size. 

8.  Low  carbon  dioxide.    This  may  be  due  on  oil  burning  boilers  to :  (a)  improper 
adjustment  of  the  burner;  (6)  leakage  through  the  boiler  setting;  (c)  improper  fire 
caused  by  a  fouled  nozzle;  or  (d)  to  an  insufficient  quantity  of  oil  being  burned. 

Cleaning  Boilers 

All  boilers  are  provided  with  flue  clean-out  openings  through  which  the 
heating  surface  can  be  reached  by  means  of  brushes  or  scrapers.  Flues  of 
solid  fuel  boilers  should  be  cleaned  often  to  keep  the  surfaces  free  of  soot 
or  ash.  Gas  boiler  flues  and  burners  should  be  cleaned  at  least  once  a 
year.  Oil  burning  boiler  flues  should  be  examined  periodically  to  deter- 
mine when  cleaning  is  necessary. 

The  grease  used  to  lubricate  the  cutting  tools  during  erection  of  new  pip- 
ing systems  serves  as  a  carrier  for  sand  and  dirt,  with  the  result  that  a  scum 
of  fine  particles  and  grease  accumulates  on  the  surface  of  the  water  in  all 
new  boilers,  while  heavier  particles  may  settle  to  the  bottom  of  the  boiler 
and  form  sludge.  These  impurities  tend  to  cause  foaming,  preventing 
the  generation  of  steam  and  causing  an  unsteady  water  line. 

This  unavoidable  accumulation  of  oil  and  grease  should  be  removed  by 
blowing  off  the  boiler  as  follows:  If  not  already  provided,  install  a  surface 
blow  connection  of  at  least  1|  in.  nominal  pipe  size  with  outlet  extended  to 
within  18  in,  of  the  floor  or  to  sewer,  inserting  a  valve  in  line  close  to  boiler. 
Bring  the  water  line  to  center  of  outlet,  raise  steam  pressure,  and  while 
fire  is  burning  briskly  open  valve  in  blow-off  line.  When  pressure  recedes, 
close  valve  and  repeat  process  adding  water  at  intervals  to  maintain  proper 
level.  As  a  final  operation  bring  the  pressure  in  the  boiler  to  about  10 
Ib,  close  blow-off,  draw  the  fire  or  stop  burner,  and  open  drain  valve.  After 
boiler  has  cooled  partly,  fill  and  flush  out  several  times  before  filling  it  to 
proper  water  level  for  normal  service.  The  use  of  soda,  or  any  alkali, 
vinegar  or  any  acid  is  not  recommended  for  cleaning  heating  boilers  be- 
cause of  the  difficulty  of  complete  removal  and  the  possibility  of  subsequent 
injury,  after  the  cleaning  process  has  been  completed. 

Insoluble  compounds  have  been  developed  which  are  effective,  but 
special  instructions  on  the  proper  cleaning  compound  and  directions  for  its 
use,  as  given  by  the  boiler  manufacturer,  should  be  carefully  followed. 

Care  of  Idle  Heating  Boilers 

Heating  boilers  are  often  seriously  damaged  during  summer  months 
due  chiefly  to  corrosion  resulting  from  the  combination  of  sulfur  in  the 
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soot  with  the  moisture  in  the  cellar  air.    At  the  end  of  the  heating  season 
the  following  precautions  should  be  taken : 

1.  All  heating  surfaces  should  be  cleaned  thoroughly  of  soot,  ash  and  residue,  and 
the  heating  surfaces  of  steel  boilers  should  be  given  a  coating  of  lubricating  oil  on  the 
fire  side. 

2.  All  machined  surfaces  should  be  coated  with  oil  or  grease. 

3.  Connections  to  the  chimney  should  be  cleaned,  and  in  case  of  small  boilers,  the 
pipe  should  be  placed  in  a  dry  place  after  cleaning. 

4.  If  there  is  much  moisture  in  the  boiler  room,  it  is  desirable  to  drain  the  boiler  to 

Erevent  atmospheric  condensation  on  the  heating  surfaces  of  the  boiler  when  they  are 
elow  the  dew-point  temperature.  Due  to  the  hazard  that  some  one  may  inadvert- 
ently build  a  fire  in  a  dry  boiler,  however,  it  is  safer  to  keep  the  boiler  filled  with 
water,  particularly  in  residential  installations.  Air  can  be  excluded  from  a  steam 
boiler  by  raising  the  water  level  into  the  steam  outlets.  A  hot  water  system  usually  is 
left  filled  to  the  expansion  tank. 

5.  The  grates  and  ashpit  should  be  cleaned. 

6.  Clean  and  repack  the  gage  glass  if  necessary. 

7.  Remove  any  rust  or  other  deposit  from  exposed  surfaces  by  scraping  with  a  wire 
brush  or  sandpaper.    After  boiler  is  thoroughly  cleaned,  apply  a  coat  of  preservative 
paint  where  required  to  external  parts  normally  painted. 

8.  Inspect  all  accessories^  the  boiler  carefully  to  see  that  they  are  in  good  work- 
ing order.    In  this  connection,  oil  all  door  hinges,  damper  bearings,  and  regulator 
parts. 

WARM  AIR  FURNACES 

Warm  air  heating  furnaces  of  a  number  of  types  and  a  wide  range  of 
sizes  are  listed  and  illustrated  in  the  Catalog  Data  Section. 

Warm  air  furnaces  may  be  classified  in  several  different  ways : 

1.  According  to  method  of  heat  distribution— these  are  either  gravity  or  mechani- 
cal (blower)  furnaces. 

2.  According  to  fuels  for  which  the  furnaces  are  designed — these  are  coal  hand- 
fired  or  stoker-fired,  oil,  gas,  or  wood. 

3.  According  to  materials  of  construction— they  are  cast-iron,  low  carbon  steel, 
and  occasionally  high  temperature  steel  alloys. 

4.  According  to  design  or  construction,  such  as  drum  and  radiator,  tubular,  hori- 
zontal, etc. 

Gravity  Warm  Air  Furnaces 

A  gravity  furnace  is  one  in  which  the  motive  head  producing  air  flow 
depends  upon  the  difference  in  density  between  the  heated  air  leaving  the 
top  of  the  casing  and  cooled  air  entering  the  bottom  of  the  casing.  Since 
this  gravity  head  is  relatively  low,  the  furnace  must  have  low  internal  re- 
sistance to  the  flow  of  air,  and  relatively  large  areas  must  be  available  for 
free  circulation  within  the  furnace  casing.  It  is  common  practice  to  pro- 
vide approximately  50  per  cent  free  air  area  through  gravity  type  furnaces. 

Furnaces  for  gravity  type  systems  are  available  in  designs  suitable  for 
central  heating,  pipeless  furnace,  or  unit  floor  furnace  installations.  Booster 
fans  are  sometimes  used  in  conjunction  with  gravity  design  systems,  to  in- 
crease air  circulation.  Where  a  fan  is  to  be  used  with  a  furnace  casing 
sized  for  gravity  air  flow,  some  form  of  baffling  must  be  employed  to  re- 
strict the  free  area  within  the  casing  and  to  force  impingement  of  the  air 
against  the  heating  surfaces.  Where  square  casings  are  used,  the  corners 
must  be  baffled. 
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Mechanical  Warm  Air  Furnaces 

Mechanical  or  forced  warm  air  furnaces  include  fans  or  blowers  as  in- 
tegral parts,  for  the  purpose  of  circulating  the  air,  and  usually  include  air 
filters. 

Centrifugal  fans  with  either  backward  or  forward  curved  blades  are  the 
type  most  commonly  used.  Motors  may  be  mounted  on  the  fan  shaft  or 
connected  to  the  fan  by  a  belt  drive.  Adjustable  pulleys  are  desirable 
to  provide  means  of  regulating  the  quantity  of  air  distributed  to  the  heated 
spaces.  Either  the  motor  load  or  the  noise  considerations  may  limit  the 
maximum  operating  fan  speed.  Two-speed  motors  have  given  successful 
operating  results  and  are  recommended.  Motors  and  mountings  must  be 
carefully  selected  for  quiet  operation.  Electrical  conduit  and  water  piping 
must  not  be  fastened  to,  nor  make  contact  with  the  fan  housing. 

Filters 

Several  types  of  filters  are  available  for  mechanical  warm  air  furnace 
applications,  and  are  discussed  in  Chapter  33.  For  maximum  efficiency 
and  life  under  operating  conditions,  filters  should  not  be  subjected  to  a 
temperature  in  excess  of  150  F.  Filters  should  have  at  least  80  per  cent 
average  efficiency  on  an  8-hr  test  at  a  maximum  resistance  of  0.25  in.  of 
water.  Filter  resistance  rises  rapidly  with  the  accumulation  of  dirt,  and 
may  reduce  the  air  circulation  over  heating  surfaces.  In  domestic  fur- 
naces, the  maximum  velocity,  based  on  nominal  filter  area,  should  not 
exceed  300  fpm, 

Fuel  Utilization 

A  combustion  rate  of  from  5  to  8  Ib  of  coal  per  (square  foot  of  grate) 
(hour)  is  recommended  for  residential  furnaces.  A  higher  combustion  rate 
is  permissible  with  larger  furnaces  for  buildings  other  than  residences, 
depending  upon  the  ratio  of  grate  surface  to  heating  surface,  firing  period, 
and  available  draft. 

In  residential  furnaces  for  coal  burning,  the  ratio  of  heating  surface  to 
grate  area  will  average  about  20  to  1 ;  in  commercial  sizes  the  ratio  may  be 
as  high  as  50  to  1,  depending  on  fuel  and  draft.  Furnaces  may  be  installed 
singly,  each  furnace  with  its  own  fan,  or  in  batteries  of  a  number  of  fur- 
naces, using  one  or  more  fans. 

Where  oil  fuel  is  used,  care  must  be  exercised  in  selecting  the  proper 
size  and  type  of  burner  for  the  particular  size  and  type  of  furnace  used. 
Furnaces  for  burning  oil  fuel  are  usually  designed  for  blow-through  in- 
stallations so  that  the  pressure  in  the  air  space  is  higher  than  that  in  the 
combustion  chamber  or  flues.  The  National  Warm  Air  Heating  and  Air 
Conditioning  Association  has  prepared  a  Tentative  Code  for  Testing  and 
Rating  of  Oil-Fired  Furnaces.  Compact  fan-furnace-burner  units  are 
available,  suitable  for  basement,  closet,  or  attic  installations. 

Gas-fired  forced  air  furnaces  should  conform  in  construction  and  per- 
formance to  A.G.A.  Approval  Requirements. 

Heavy  Duty  Fan  Furnaces 

Fan  furnaces  for  large  commercial  and  industrial  buildings,  churches, 
schools,  etc.,  are  available  in  sizes  ranging  from  300,000  to  6,000,000  Btu 
per  (hour)  (unit).  Heavy  duty  furnace  heaters  may  be  arranged  in  bat- 
tery combinations  of  one  or  more  units. 

Most  manufacturers  of  heavy  duty  furnaces  rate  their  furnaces  in  Btu 
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per  hour,  and  also  In  the  number  of  square  feet  of  heating  surface.  Con- 
servative practice  indicates  that  at  no  time  in  the  heating-up  period  should 
the  furnace  surface  be  required  to  emit  more  than  an  average  of  3500  Btu  per 
square  foot.  A  higher  rate  of  heat  emission  tends  to  increase  the  heat  loss 
up  the  chimney,  and  raise  fuel  consumption,  to  shorten  the  life  of  the 
furnace,  and  to  overheat  the  air.  The  ratio  of  heating  surface  to  grate 
area  of  furnaces  for  this  type  of  work  should  never  be  less  than  30  to  1  and, 
as  indicated  previously,  may  run  as  high  as  50  to  1. 

Control  of  temperature  is  secured  through  (1)  controlling  the  quantity 
of  heated  air  entering  the  room,  (2)  using  mixing  dampers,  or  (3)  regulating 
the  fuel  supply. 

The  design  of  heavy  duty  fan  furnace  heating  systems  is  in  many  re- 
spects similar  to  that  of  the  central  fan  heating  systems  described  in  Chap- 
ter 29.  Ducts  are  designed  by  the  method  outlined  in  Chapter  31. 

MATERIALS  AND  CONSTRUCTION 
Cast-iron  Furnaces 

Cast-iron  furnaces  are  made  in  a  multiplicity  of  designs  or  shapes.  For 
solid  fuels  they  are  generally  of  round  sectional  construction,  the  sections 
being  cemented  or  bolted  together.  Various  types  of  radiators  for  second- 
ary convection  heat  transfer  are  employed.  Such  radiators  are  of  the 
circular,  doughnut  type,  or  tubular  type. 

Cast-iron  is  frequently  used  in  the  construction  of  gas  or  oil-fired  fur- 
naces, designs  varying  considerably  with  two  general  types  in  common  use: 
multi-sectional  type,  and  those  with  single  combustion  chambers  having 
auxiliary  secondary  surface. 

Cast-iron  furnaces  are  made  in  capacities  ranging  from  those  for  small 
insulated  residence  application  with  inputs  of  40,000  Btu  per  hour  or  less, 
to  capacities  as  large  as  600,000  Btu  per  hour. 

Cast-iron  furnaces  are  usually  constructed  with  a  minimum  sectional 
thickness  of  |  in.5  and  effectively  resist  high  temperatures  and  corrosion. 
They  usually  have  a  fairly  large  heat  capacity  because  of  their  mass,  which 
provides  a  distinct  fly  wheel  or  carry-over  heating  effect. 

Steel  Furnaces 

Formed  sheet  steel  construction  is  frequently  used  in  furnace  design. 
Welding,  riveting,  or  both  are  used  to  join  the  formed  metal.  The  use 
of  steel  castings,  however,  is  rare,  because  of  the  cost,  and  because  high 
stresses  are  not  encountered  in  normal  furnace  construction.  Types  of 
design  employed  vary  greatly,  although  perhaps  the  most  common  type 
consists  of  a  drum  and  circumferential  or  rear  radiator.  Steel  gas  furnaces 
may  also  be  sectional  in  design,  or  may  be  combinations  of  common  com- 
bustion chambers  and  sectional  or  tubular  radiation  surfaces  connected  to  a 
flue  gas  collector. 

Steel  furnaces  are  made  in  capacities  ranging  from  40,000  Btu  per  hour  to 
capacities  as  large  as  600,000  Btu.  Steel  furnaces  have  low  heat  capacities 
as  a  result  of  their  relatively  low  mass  and,  therefore,  deliver  heat  rapidly 
on  demand. 

FURNACE  RATING 

Warm  air  furnaces  are  generally  rated  in  Btu  per  hour  output  at  the  bon- 
net (point  of  heat  generation)  or  at  the  register  (point  of  heat  delivery). 
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Rating  Equations  for  Gravity  Warm  Air  Furnaces9 

Until  a  method  of  testing  and  rating  gravity  warm  air  furnaces  has  been 
developed,  the  following  empirical  rating  equations  are  recommended  by 
the  National  Warm  Air  Heating  and  Air  Conditioning  Association. 

Gravity  warm-air  furnaces  of  conventional  design,  having  ratios  (of 
heating  surface  to  grate  area)  of  15  to  1  or  greater,  and  having  a  ratio  of 
casing  area  to  face  area  not  less  than  0.4,  are  rated  by  the  following  equa- 
tions : 


1.  Hand-fired  furnaces  converted  to  Stoker,  Gas,  or  Oil  Firing. 

Bonnet  Capacity  in  Btu  per  hour  =  1785  x  S  x  1.333 


(2) 


2.  Hand-fired  furnaces,  with  ratios  of  heating  surface  to  grate  area  greater  than  15  to  1 
and  less  than  85  to  1, 

Bonnet  Capacity  in  Btu  per  hour  =  1785  x  S  x  1.333  (3) 

3 .  Hand-fired  furnaces  with  ratios  of  heating  surface  to  grate  area  in  excess  of  25tol. 

Bonnet  Capacity  in  Btu  per  hour  «  1785  x  25  x  G  x  1.333  (4) 

where 

S  «  heating  surf  ace,  in  square  feet. 
G  «  actual  grate  area,  in  square  feet. 

The  Register  Delivery  Rating  is  equal  to  0.75  x  (Bonnet  Capacity).  The 
Leader  Pipe  Rating  in  square  inches,  formerly  used  as  a  rating  unit,  may  be 
found  by  dividing  the  Register  Delivery  Rating  by  136. 

Heating  Surface  of  Furnace 

Prime  heating  surface  is  defined9  as  surface  above  the  top  of  the  grate 
having  hot  gases  or  live  fuel  on  one  side  and  circulating  air  over  the  other ,  and 
in  all  cases  is  measured  on  the  exterior  or  air  side.  The  areas  of  the  outer 
casing,  the  inner  liner,  and  any  radiation  shields  shall  not  be  considered  as 
heating  surface. 

In  determining  the  amount  of  heating  surface,  extended  surfaces  are 
considered  to  be  prime  heating  surface  subject  to  the  following  limitations  : 

1.  Extended  heating  surface  may  consist  of  fins,  ribs,  webs,  lugs,  or  other  projec- 
tions from  the  prime  heating  surface.    Projections  less  than  t  in.  thick  at  the  base, 
and  extending  more  than  1  in.  from  the  prime  surface  are  classified  as  fins. 

2.  Integral  fins  are  continuously  welded  to,  or  cast  as  a  part  of,  the  prime  heating 
surface.    Both  sides  are  included  as  heating  surface,  subject  to  the  following  allow- 
ances: 


Distance  from  Prime  Surface. 

1st  inch 

2nd  inch 

3rd  inch 

Over  3  in. 

Ratio  of  Effective  Area  to 
Total  Area  

0.40 

0.30 

0.20 

None 

3,  Non-integral  fins  are  spot  welded  to,  or  otherwise  held  in  line  contact  with  the 
prime  heating  surface.  Both  sides  are  included  as  heating  surface,  subject  to  the 
following  allowances : 


Distance  from  Prime  Surface  . 

1st  inch 

2nd  inch 

3rd  inch 

Over  3  in. 

Ratio  of  Effective  Area  to 
Total  Area  

0.30 

0.20 

0.15 

None 
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4.  In  the  case  of  ribs,  webs*  or  lugs  more  than  }  in.  thick  at  the  base  and  extending 
less  than  1  in.  from  the  prime  surface,  the  entire  surface  in  contact  with  circulating 
air  is  included  as  heating  surface. 

5.  In  the  case  of  ribs,  webs,  or  lugs  more  than  J  in.  thick  at  the^base  and  extending 
more  than  1  in.  from  the  prime  heating  surface  the  areas  of  both  sides  of  the  first  inch 
are  included  as  prime  heating  surface.    The  portions  projecting  beyond  I  in.  are 
treated  as  integral  fins. 

Grate  Area 
Grate  area  is  defined9  and  treated  for  purpose  of  rating  as  follows: 

1.  The  nominal  grate  area  is  defined  as  the  total  cross-sectional  area  of  the  bottom 
of  the  firepot.    In  steel  furnaces  the  nominal  grate  area  is  the  cross -sectional  area 
inside  the  firebrick  lining. 

2.  The  actual  grate  area,  used  for  calculating  the  ratios  of  heating  surface  to  grate 
area,  is  the  nominal  grate  area  minus  certain  areas  that  cannot  be  considered  as  part 
of  the  grate  itself.    The  following  rules  govern  these  deductions :  (1)  If  a  solid,  con- 
tinuous ledge  extends  around  the  grate  and  inside  the  firepot,  any  area  of  this  ledge 
extending  inside  of  a  circle,  the  diameter  of  which  is  1  in.  less  than  the  diameter  of  the 
bottom  of  the  firepot,  shall  be  deducted.    (2)  If  separate,  solid  projections  extend 
from  the  firepot  towards  the  grate,  the  areas  of  any  portions  of  these  projections  ex- 
tending inside  of  a  circle,  the  diameter  of  which  is  3  in.  less  than  the  diameter  of  the 
bottom  of  the  firepot,  shall  be  deducted/  (3)  In  the  case  of  grates  which  are  inclined, 
or  are  conical,  the  projected  area  is  the  same  as  the  nominal  grate  area.    The  latter 
should,  therefore,  be  used  after  making  any  necessary  deductions. 

Ratings  for  Forced  Air  Furnaces 

For  solid  fuel  burning,  forced  air  furnaces  having  bonnet  capacities 
between  80,000  and  250,000  Btu  per  hour,  no  standard  method  of  test  has 
been  accepted,  although  eventually  such  codes  will  be  developed.  The 
National  Warm  Air  Heating  and  Air  Conditioning  Association  recommends 
the  following  empirical  equations  for  use  in  rating  solid  fuel  forced  air 
furnaces: 

1.  Hand-fired  furnaces  converted  to  Stoker,  Gas,  or  Oil  Firing.' 

Bonnet  Capacity  in  Btu  per  hour  =  2265  x  S  x  1.177  (5) 

2.  Hand-fired  furnaces,  with  ratios  of  heating  surface  to  grate  area  greater  than  15  to  1 
and  less  than  25  to  1. 

Bonnet  Capacity  in  Btu  per  hour  =  2265  x  S  x  L177  (6) 

3.  Hand-fired  furnaces  with  ratios  of  heating  surface  to  grate  area  in  excess  of  %5  to  1. 

Bonnet  Capacity  in  Btu  per  hour  «  2265  x  25  x  G  x  1.177  (7) 

where 

S  =  heating  surface,  in  square  feet. 
0  =  actual  grate  area,  in  square  feet. 

The  Register  Delivery  Rating  is  equal  to  0.85  x  (Bonnet  Capacity}. 
The  following  testing  and  rating  codes  have  been  generally  accepted  in 
the  industry : 

Commercial  Standards  CS-109-44  for  rating  solid  fuel-burning,  forced-air  furnaces 
having  bonnet  outputs  of  80,000  Btu  per  hour  or  less.  This  provides  a  method  of  rat- 
ing small  coal-fired  forced-air  furnaces  by  test. 

A  Tentative  Code  for  Testing  Oil-Fired  Furnaces.  This  code  has  been  adopted  by 
the  National  Warm  Air  Heating  and  Air  Conditioning  Association  for  rating  oil-fired 
furnaces  by  test. 

The  American  Gas  Association  method  of  rating  gas-fired  furnaces  on  performance 
under  tests.  This  is  described  in  the  Approval  Requirements  for  Central  Heating 
Gas  Appliances. 
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Commercial  Standards  118-44  Is  a  method  of  rating  oil-burning  floor  furnaces  by 

test. 

Commercial  Standard  CS  104-48  is  a  method  of  rating  warm  air  furnaces  equipped 
with  pot-type  oil  burners  by  test. 

Various  codes  covering  the  construction  and  performance  of  appliances  as  related 
to  fire  hazards  have  been  developed  by  Underwriter  Laboratories,  Inc.  In  addition, 
there  are  many  municipal  codes10  which  regulate  construction  and  installation  of 
furnace  equipment. 

The  yardstick  of  the  National  Warm  Air  Heating  and  Air  Conditioning  Association 
provides  criteria  for  evaluating  a  furnace  design  and  installation  against  industry 
accepted  standards. 

FURWACE  EFFICIENCY 

Rating  formulas  of  the  National  Warm  Air  Heating  and  Air  Conditioning 
Association  are  based  on  55  per  cent  efficiency  for  gravity  coal  furnaces 
and  65  per  cent  efficiency  for  forced-air  coal  furnaces.  In  the  tentative 
Oil  Testing  Code  the  contemplated  minimum  efficiency  is  70  per  cent  for 
oil-fired  forced-air  furnaces.  Gravity  gas  furnaces  approved  by  the  Ameri- 
can Gas  Association  are  assigned  a  rating  based  on  75  per  cent  efficiency. 
All  forced-air  gas-fired  furnaces  approved  by  American  Oas  Association  are 
assigned  a  rating  based  on  80  per  cent" efficiency. 

DESIGN  COJf  SroBRATIOPTS 

Considerations  of  prime  importance  in  the  design  of  warm  air  furnaces 
and  some  general  suggestions  to  be  observed  in  connection  with  each,  are 
as  follows : 

1.  Adequate  heat  transfer  surface. 

a.  Heat  transfer  rates  of  2,000  to  4,500  Btu  per  (hour)  (square  foot)  of  heating 
surface  may  be  obtained  without  unduly  high  metal  temperatures . 

b.  Fins,  pins  and  bosses  are  frequently  used  to  add  surface  and  to  break  down 
superficial  gas  films,  both  on  gas-to-metal  and  metal-to-air  surfaces. 

c.  Surface  and  stack  (flue  gas)  temperatures  are  good  indications  of  the  amount 
and  effectiveness  of  the  heating  surfaces. 

2.  Safe  and  efficient  combustion  offueL 

a.  Proper  mixture  of  fuel  and  air  is  necessary  for  efficient  combustion.    This 
necessitates  careful  attention  to  the  design  of  grates,  nozzles,  burners,  air 
inlet  areas  and  location,  and  combustion  chamber  baffling. 

b.  Regulation  of  the  quantity  and  the  distribution  of  the  air  for  combustion 
should  be  provided  by  use  of  check  dampers,  draft  regulators,  draft  hoods, 
air  shutters  and  air  orifices. 

c.  Total  draft  loss  through  appliances  should  not  exceed  that  available  from 
chimneys  which  would  normally  be  obtainable  in  the  size  of  building  which 
the  appliance  will  supply  with  heat. 

d.  The  use  of  ignition  safety  devices  such  as  safety  pilots,  hold-fire  controls, 
and  the  like  is  recommended. 

3.  Fuel  Capacity  of  Appliance. 

a.  With  solid  fuels  adequate  coal  capacity  should  be  provided  for  at  least  5  hr  of 
operation  at  the  maximum  rated  combustion  rate. 

4.  Adequate  circulation  of  air  over  heating  surface. 

a.  In  gravity  furnaces,  free  air  space  between  casing  and  heat  exchanger  should 
be  great  enough  to  permit  free  flow  over  all  surfaces. 

b.  Forced  air  furnace  design  must  include  fans  having  proper  capacity  and  suit- 
able performance  characteristics.    Internal  static  pressures  must  be  mini- 
mized without  losing  the  advantages  of  high  velocity  circulation  over  the 
heat  exchanger  surf  aces. 

c.  The  air  flow  over  the  heating  surface  must  be  directed  to  obtain  maximum 
efficiency  and  to  eliminate  hot  spots  and  air  noises. 

d.  Air  velocities  at  bonnet  should  not  be  much  in  excess  of  1,000  fpm,  and  air 
temperature  distribution  at  the  furnace  outlet  should  be  uniform  within 
approximately  ±  30  deg. 


Heating  Boilers*  Furnaces,  Space  Heaters  373 

5.  Durability. 

a.  A  minimum  metal  weight  for  gas -fired  heat  exchangers  is  established  as  No. 
20  U.S.  Gage  for  plain  carbon  steel  by  the  A.G.A*  Approval  Requirements  for 
Central  Heating  Gas^  Appliances,  with  some  municipal  codes  specifying  18 
gage.    Cast-iron  sectional  thicknesses  of  1  in.  to  |  in.  are  recommended. 

b.  Added  strength  and  reinforced  designs  may  be  required  to  preclude  damage 
in  shipment,  burning  out  from  overfiring,  or  corrosion  from  condensation. 

c.  Maximum  heat  exchanger  surface  temperatures  which  may  be  used  vary  with 
the  metal.    The  American  Gas  Association  Approval  Requirements  for  Cen- 
tral Heating  Gas  Appliances  specify  a  maximum  of  875  F  for  cast-iron  or  steel 
gas  furnaces,  and  the  National  Bureau  of  Standards  CS 109-44  Code  for  Forced 
Air  Solid  Fuel -Burning  Furnaces  specifies  1000  F  as  a  maximum  surface  tem- 
perature.   These  temperatures  define  the  range  in  which  oxidation  of  non- 
alloy  ferrous  metal  begins.    The  use  of  proper  alloy  additions  increases  the 
temperature  resistance  properties  of  metals. 

d.  Casing  temperatures  should  be  controlled  so  that  they  do  not  become 
hazards  to  burn  those  who  touch  them,  or  to  create  fires. 

6.  Serviceability. 

a.  Those  parts  of  the  furnace  which  may  be  subject  to  soot,  fly-ash,  or  conden- 
sation deposits  should  be  accessible  for  cleaning. 

b.  Parts  which  may  require  adjustments  or  replacements,  such  as  grates,  baffles, 
liners,  controls,  should  be  removable. 

c.  Furnaces  should  be  so  designed  that  they  can  be  installed  with  a  minimum 
of  difficulty. 

7.  Control. 

a.  Thermostatic  controls  of  various  types  should  be  used  to  correlate  space 
temperatures  with  unit  operation. 

b.  Controls  should  be  provided  wherever  possible,  to  prevent  the  occurrence  of 
excessive  temperatures  or  other  conditions  in  any  part  of  the  unit  which 
might  cause  unsafe  operation. 

8.  General  design  considerations. 

a.  Furnace  casings  are  normally  constructed  of  formed  and  painted  sheet  steel 
or  of  galvanized  iron.    The  casing  should  be  protection  from  excessive  radia- 
tion losses  and  temperatures  by  use  of  insulation  or  sheet  steel  air  space 
liners.    Liners  should  extend  from  the  grate  level  to  the  top  of  the  furnace 
and  should  be  spaced  from  1  in.  to  1 J  in.  from  the  outer  casing. 

b.  The  hood  or  bonnet  of  the  casing  above  the  furnace  should  be  as  high  as  base- 
ment conditions  will  allow,  to  form  a  plenum  chamber  over  the  top  of  the 
furnace.    This  tends  to  equalize  the  pressure  and  temperature  of  the  air 
leaving  the  bonnet  through  the  various  openings.    It  is  generally  considered 
advisable  to  take  off  the  warm  air  pipes  from  the  side  of  the  bonnet  near  the 
top,  as  this  method  of  take-off  allows  the  use  of  a  higher  bonnet  and  thus 
provides  a  larger  plenum  chamber. 

c.  Warm  air  outlet  and  return  air  connections  should  be  designed  so  that  the 
ductwork  may  be  easily  attached.    A  J  in.  flange  is  normally  used  for  this 
purpose. 

d.  Suitable  provision  should  be  made  in  appliances  so  that  the  controls  and 
humidifiers  may  be  installed  in  the  proper  location.    When  these  auxiliary 
units  are  installed  in  the  ductwork,  detailed  instructions  should  be  provided 
to  insure  their  proper  location. 

e.  The  flue  connection  should  be  of  integral  flue  pipe  size,  and  provision  should 
be  made  to  attach  the  flue  pipe  to  the  flue  outlet  of  the  furnace. 

HUMIDIFICATION  EQUIPMENT 

Evaporating  pans  are  usually  located  in  the  outlet  air.  There  is  a 
present  trend  toward  heating  the  water.  Equipment  for  doing  this  may 
make  use  of  sprays,  or  it  may  take  the  form  of  water  circulating  coils 
placed  within  the  combustion  chamber,  and  connected  by  pipes  to  the 
humidifier  pans  where  a  constant  water  level  is  maintained  by  some  separate 
float  device.  All  humidifiers  require  provision  for  removal  of  dirt  and  lime. 
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SPACE  HEATERS 
Space  heaters  may  be  classified  in  several  ways,  such  as: 

1.  By  the  type  of  fuel  used  as  coal,  wood,  gas,  and  fuel  oil. 

2.  According  to  the  method  of  heat  distribution  as  circulators  or  radiant  types.    A 
radiant  heater  is  one  in  which  the  heat  exchanger  surface  is  exposed  directly  to  the 
room  atmosphere,  and  the  generated  heat  is  dissipated  primarily  by  radiation,    A 
circulating  heater  is  essentially  a  jacketed  radiant  heater  from  which  circulation  of 
room  air  is  promoted  by  the  chimney  effect  caused  by  the  movement  of  air  passing 
upward  between  the  jacket  and  heat  exchanger  surface. 

3.  According  to  method  of  design  for  particular  fuel  types,  such  as:  (a)  surface- 
fired  and  magazine-feed  for  solid  fuels,  (b)  vaporizing  pot-type  and  blue-flame  heater 
for  oil,  and  (c)  vented  and  unvented  heaters  for  gas.     (The  type  of  gas  burner  de- 
sign, such  as,  injection,  yellow  flame,  power,  and  pressure,  may  also  be  mentioned.) 

SOLID  FUEL-FIRED  HEATERS 

Surface-fired  heaters  normally  have  a  front  firing  door  and  are  operated 
with  relatively  shallow  fuel  beds.  A  magazine-feed  heater  includes  a  deep 
reservoir  of  fuel  to  lengthen  the  attention  intervals.  In  a  true  magazine 
feed  heater  the  rate  of  fuel  ignition  would  be  equal  to  the  rate  of  burning ; 
and  self -feeding  should  operate  to  move  the  unburned  fuel  by  gravity  flow 
from  the  magazine  section  into  the  hearth  area.  However,  the  ideal 
balance  between  rate  of  ignition  and  rate  of  burning  is  virtually  impos- 
sible to  attain  for  any  solid  fuel  under  normal  usage,  although  self- 
feeding  may  be  obtained  with  wood  and  some  free  burning  coals.  Thus,  a 
magazine-type  space  heater  is  essentially  a  deep  surface-fired  heater,  its 
principal  difference  being  increased  fuel  capacity. 

Materials  and  Construction 

There  is  no  accepted  code  governing  the  construction  of  solid  fuel  burn- 
ing space  heaters.  In  past  years  cast-iron  was  used  predominantly  in  the 
construction  of  coal  and  wood  heaters,  with  the  exception  of  the  so-called 
air-tight  heaters  designed  as  low-cost  wood-burning  units  with  little  con- 
sideration for  long  life,  and  stoves  were  priced  on  a  poundage  basis.  The 
present  trend  is  toward  fabricated  steel  parts  and  welded  assemblies,  al- 
though cast-iron  is  still  used  for  grates,  firebox  liners,  and  parts  subject  to 
high  temperatures.  Refractory  firebox  liners  are  also  used  quite  exten- 
sively. 

Formed  sheet  steel  is  used  predominantly  for  the  outer  jacket  of  circula- 
tor heaters,  although  heaters  with  outer  casings  formed  from  cast-iron  are 
still  readily  available.  Circulator  cabinets  normally  have  surfaces  finished 
with  a  porcelain  enamel,  while  the  casing  of  a  radiant  heater  is  finished  with 
an  air-dried  japan  or  a  baked  enamel. 

Both  welding  and  stove  bolts  are  used  in  unit  assembly,  and  stove  cement 
is  used  on  section  joints  to  prevent  air  leakage.  This  latter  is  extremely 
important  to  obtain  a  low  rate  of  combustion  when  desired. 

Testing  and  Rating 

,  There  is  no  accepted  code  governing  the  method  of  testing  and  rating 
solid-fuel  space  heaters.  A  tentative  procedure,  TS-3443,  has  been  issued 
by  the  Division  of  Trade  Standards,*  National  Bureau  of  Standards,  but  is 
based  on  use  of  anthracite  as  a  rating  fuel,  although  bituminous  coals  are 
used  predominantly  as  heating  fuels.  This  procedure,  which  has  been 
the  basis  of  published  ratings,  consists  of  determining  the  heater  output, 
expressed  in  Btu  per  hour,  by  the  indirect  method.  The  measurable  heat 
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losses:  (1)  loss  due  to  moisture  In  the  fuel,  (2)  loss  due  to  heat  in  the  dry 
flue  gases,  (3)  loss  due  to  unburned  carbon  monoxide,  and  (4)  loss  due  to 
unburned  combustible  in  the  ash  and  refuse,  are  measured  by  test.  The 
total  of  these  four  measurable  losses,  plus  an  assumed  value  for  unaccounted 
for  losses,  are  then  subtracted  from  the  heat  input.  The  difference  multi- 
plied by  the  burning  rate  in  pounds  per  hour  is  the  heater  output. 

When  using  anthracite  as  the  rating  fuel,  the  unaccounted  for  loss  has 
been  assumed  to  be  zero.  It  has  been  accepted  practice  to  use  a  20  per  cent 
allowance  for  the  unaccounted  for  losses  when  burning  a  bituminous  coal. 
The  value  of  this  factor  has  been  under  study  and,  although  test  work  is 
incomplete,  a  value  of  12  per  cent  of  the  heat  input  has  been  determined 
as  representing  the  losses  due  to  smoke  and  unburned  hydrocarbons  for 
a  surface-fired  heater,  when  burning  a  high  volatile  bituminous  coal. 

No  allowance  is  made  for  a  radiation  loss,  as  this  is  useful  heat. 

Design  Considerations 

Some  important  considerations  in  the  design  of  solid  fuel  space  heaters 
are: 

1.  Suitable  protection  by  baffling  or  insulation  against  overheating  of  floors  and 
walls.    Although  there  are  no  industry-accepted  standards  by  which  floor  and  wall 
temperatures  may  be  determined,  some  indication  of  heater  performance,  with  regard 
to  overheating,  may  be  found  by  the  use  of  the  corner  booth  test  arrangement  de- 
scribed in  National  Bureau  of  Standards  Commercial  Standard  CS  103-43  and  Under- 
writers3 Laboratories  Standard,  Subject  896,  mentioned  in  following  section  on  Oil 
Heaters. 

2.  Tight  heater  construction  to  prevent  air  leakage,  and  to  enable  maintenance  of 
a  suitably  low  minimum  burning  rate.    This  includes  a  ground,  paper  tight  joint 
between  the  ashpit  door  and  door  frame. 

3.  Sufficient  free  air  space,  between  the  casing  and  heat  exchanger  of  circulating 
heaters,  to  permit  free  air  flow  over  all  surfaces  and  maintain  a  suitably  low  casing 
temperature. 

4.  Protection  of  all  metal  parts  from  deterioration  due  to  high  temperature.    This 
may  be  accomplished  by :  (a)  fabrication  of  certain  parts  from  cast  iron  or  an  alloy 
iron,  (b)  protection  by  a  refractory  liner,  (c)  use  of  high    temperature    enamel 
coatings,  (d)  directing  air  against  hot  spots. 

5.  Proper  admission  of  secondary  air  to  complete  the  combustion  process.    Care 
should  be  taken  to  prevent  this  air  from  also  functioning  as  primary  air. 

6.  Strength  in  assembly  to  prevent  transportation  and  use  damage. 

Considerable  work  has  been  directed  in  the  past  few  years  towards  im- 
provement of  the  performance  of  bituminous  coal-fired  space  heaters,  with 
particular  reference  to  smokeless  operation  under  conditions  of  normal 
operation  such  as  obtained  in  homes.  A  recent  paper  describes  the  smoke- 
less coal  heater  developed  by  Bituminous  Coal  Research,  Inc.,  wherein 
smokeless  combustion  is  obtained  by  admitting  secondary  air  through  a 
narrow  slot,  extending  from  side  to  side,  above  the  edge  of  the  fuel  bed 
where  the  gas  leaves  to  enter  a  vertical  gas  passage.11  Complete  mixing 
of  the  volatile  material,  released  from  the  coal  in  the  magazine,  with  the 
secondary  air  supplied  is  obtained  as  both  streams  pass  under  the  bottom 
of  the  arch.  Complete  combustion  results  from  this  intimate  mixing  in  a 
region  which  maintains  itself  at  high  temperatures  even  during  banking 
periods. 

OIL  HEATERS 

Vaporizing  pot-type  oil  heaters  consist  of :  (1)  a  metal  pot  in  the  bottom 
of  which  the  oil  is  vaporized,  the  vapors  burning  at  or  near  the  top  of  the 
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pot,  (2)  a  secondary  combusion  chamber,  or  heat  exchanger,  in  which 
combustion  is  completed.  The  flue  connection  is  made  to  this  chamber  or 
through  a  second  heat  exhanger  which  may  be  of  the  diving-flue  type 
installed  to  increase  efficiency.  The  burner  may  be  designed  for  operation 
both  with  and  without  mechanical  draft. 

Blue-flame  oil  burners  differ  from  the  pot-type  variety  in  that  removable 
perforated  sleeves  are  provided  above  an  oil  pan  instead  of  a  metal  pot,  and 
lighting  rings  or  kindlers  are  used  for  easy  lighting. 

Both  types  of  oil  burners  operate  by  the  burning  of  the  oil  vapor  rather 
than  the  oil  itself,  the  oil  being  first  fed  to  a  chamber  in  which  the  oil  is 
entirely  vaporized,  then  mixed  with  air  introduced  through  suitably  lo- 
cated ports  and  burning  at  the  top  of  the  pot  or  perforated  sleeves.  Such 
heaters  are  designed  to  burn  No.  1  oil  (See  Table  4,  Chapter  13)  or  kero- 
sene (coal  oil).  At  no  time  should  oil  heavier  than  that  for  which  the 
burner  is  designed  be  used,  as  heavier  oils  may  cause  excessive  carboniza- 
tion in  the  burner  or  fuel  feed  line. 

Materials  and  Construction 

Formed  sheet  steel  and  welded  assemblies  are  used  primarily  in  oil  heater 
construction.  Standards  governing  construction  which  have  been  gen- 
erally accepted  are: 

1.  Commercial  Standard  for  Flue-Connected  Oil -Burning  Space  Heaters  equipped 
with  Vaporizing  Pot-Type  Burners,  CS101-43,  (National  Bureau  of  Standards) . 

2.  Standard  for  Oil-Burning  Stoves,  Subject  896,  (Underwriters3  Laboratories, 
Inc.) . 

3.  Standard  for  Construction  and  Performance  of  Oil  Burners  for  Installation  in 
Stoves  and  Eanges,  Subject  865,  (Underwriters3  Laboratories,  Inc.). 

Some  States  or  municipalities  have  codes  which  apply  locally,  but  these 
usually  apply  primarily  to  installation,  and  the  Underwriters'  Laboratories 
abel  of  approval  is  sufficient  to  cover  acceptance  of  the  unit. 

Testing  and  Rating 

Commercial  Standard  CS101-43  is  intended  to  provide  a  uniform  stand- 
ard method  for  ascertaining  the  maximum  practical  heat  output  in  Btu 
per  hour  of  flue-connected  oil-burning  space  heaters  under  approximately 
normal  service  conditions.  This  method  is  based  upon  the  following 
equations: 

H,  «  A  -  B  (8) 

and 

E  -  HJ A  (9) 

where 

A  «  total  heat  of  fuel  used. 
B  =  heat  lost  in  flue  gases. 
Hi  *  net  heat  delivered  to  the  room. 
E  »  unit  efficiency. 

The  following  minimum  performance  requirements  are  stipulated : 

1.  Adequate  provision  for  ease  of  lighting  and  insurance  against  loss  of  ignition 
prior  to  heating  of  burner. 

2.  Ease  of  operation  of  controls. 
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3.  Proper  operation  of  burner  without  excessive  carbonization  with  grades  of  oil 
recommended  by  the  manufacturer. 

4.  The  heater  shall  be  capable  of  passing  the  6  per  cent  ICHAM  smoke  test. 

5.  The  heater  shall  be  capable  of  operating  with  an  overall  efficiency  of  not  less 
than  70  per  cent  under  conditions  of  test,  or  at  a  lower  stack  draft  recommended  by 
the  manufacturer, 

Design  Considerations 

Some  factors  important  in  the  design  of  oil-burning  heaters  are : 

1.  Proper  pitch  of  oil  lines  from  the  sump  to  the  burner,  thus  preventing  vapor 
and  air  lock. 

2.  Proper  positioning  of  the  oil  sump  or  constant-level  valve  to  maintain  the 
proper  oil  level  in  the  burners,  if  factory  assembled. 

3.  Tight  construction,  not  only  of  oil  lines,  but  of  oil  tank,  sump,  and  burner  to 
prevent  a  hazardous  condition  due  to  oil  leakage. 

4.  Provision  for  leveling  and  aligning  the  entire  heater  for  maintenance  of  proper 
operation.    If  a  separate  fuel  tank  is  used,  the  heater  should  have  provision  for  secure 
fastening  to  the  floor  to  prevent  excessive  strain  on  oil  supply  line,  and  the  conse- 
quent danger  of  leakage  of  oil. 

5.  Pro  vision  ^of  a  draft  regulator  to  prevent  abnormal  draft  fluctuations. 

6.  Proper  shielding  of  an  attached  fuel  oil  supply  tank  to  prevent  excessive  oil 
temperatures. 

7.  All  metal  parts  subjected  to  the  corrosive  action  of  the  oil  shall  be  made  of  non- 
corrodible  metal,  or  of  metal  suitably  coated  to  resist  corrosion. 

8.  The  heater  should  have  suitable  baffling  or  insulation  to  prevent  overheating 
of  floors  and  walls. 

9.  Strength  in  assembly  to  prevent  transportation  and  use  damage. 

GAS  HEATERS 

Vented  gas  heaters  are  defined  as  those  capable  of  removing  90  per  cent 
of  the  flue  gases  through  a  single  flue  outlet.  All  heaters  having  a  gas  in- 
put rating  in  excess  of  50,000  Btu  per  hour  must  be  of  the  vented  type  in 
order  to  meet  ASA  Approval  Requirements  for  Gas  Space  Heaters.12 

Space  heaters  may  be  classified  by  burner  type  as  follows : 

1.  Injection  Burner  type  which  employs  the  energy  of  a  jet  of  gas  to  inject  air  for 
combustion  into  the  burner  and  mix  it  with  the  gas. 

2.  Yellow  Flame  Burner  type  in  which  secondary  air  only  is  depended  on  for  the 
combustion  of  the  gas. 

Materials  and  Construction 

Standards  covering  materials  and  accessories  used  in  the  construction 
of  gas  heaters  are  described  in  ASA  Approval  Requirements  for  Gas  Space 
Heaters12  and  in  applicable  Listing  Requirements.13 

Efficiency  Requirement 

Vented  space  heaters  having  input  ratings  in  excess  of  20,000  Btu  per 
hour  are  required  to  have  a  heating  efficiency  of  not  less  than  70  per  cent,12 
based  on  the  total  heating  value  of  the  gas.  Vented  space  heaters  having 
input  ratings  of  20,000  Btu  per  hour  or  less  are  required  to  have  a  heating 
efficiency  of  not  less  than  65  per  cent.12  These  efficiencies  are  based  upon 
the  following  equation: 

«t  -  100  -  —  x  100  (10) 

0  ' 

where 

q  «  hourly  gas  heat  input,  Btu  per  hour. 
Ht  =  heat  above  room  temperature  carried  away  by  the  flue  products,  Btu  per 

hour. 
e*  =  heating  efficiency,  per  cent. 
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1   Radiant  heaters  are  required  to  have  a  radiant  efficiency  of  not  less  than 
28  per  cent. 

Design  Considerations 

Some  factors  important  in  the  design  of  gas  heaters  are: 

1.  Proper  design  of  the  burner  head,  port  sizes  and  locations  so  that  the  flame  will 
not  lift,  float,  or  flash  back,  and  be  excessively  noisy  in  operation. 

2.  Proper  venting  of  combustion  chamber  for  relief  of  forces  resulting  from  igni- 
tion of  an  explosive  mixture  of  gas  and  air. 

3.  Protection  of  valve  handles  to  prevent  excessive  temperature  rise  during  opera- 
tion. 

4.  Insulation  and  baffling  of  heater  to  prevent  over-heating  of  walls  and  floor. 

INSTALLATION  OF  SPACE  HEATERS 

The  two  most  important  considerations  involved  in  the  installation  of  a 
space  heater  are  safety  and  chimney  draft.  The  items  of  chimney  details 
and  flue  connections  which  should  have  special  attention,  are  outlined  in 
Chapter  16,  Chimneys  and  Draft  Calculations.  In  all  cases,  it  is  recom- 
mended that  installation  be  made  in  accordance  with  the  current  National 
Building  Code. 
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CHIMNEYS  AND  DRAFT  CALCULATIONS 

Theoretical  Draft;  Factors  Affecting  Required  Draft;  Industrial  Chimneys, 

Available  Draft,  Determining  Chimney  Size;  Domestic  Chimneys,  Available 

Draft,  Determining  Chimney  Size;  Performance  of  Various  Types  of 

Domestic  Chimneys,  Draft  Requirements  of  Domestic  Appliances, 

Chimneys  for  Gas  Heating,  Recommendations  of  the  National 

Board  of  Fire  Underwriters,  General  Considerations 

A  DRAFT  to  the  layman,  is  a  current  of  air,  and  the  draft  of  a  furnace 
or  boiler  is  the  current  of  air  which  flows  through  the  firebox  and 
furnishes  the  oxygen  for  combustion.  To  the  engineer,  however,  the  word 
draft  has  come  to  mean  the  pressure  difference  which  causes  this  current 
of  air  to  flow. 

The  engineering  concept  of  draft  will  be  used  in  this  chapter;  hence, 
draft  will  be  defined  as  a  negative  differential  pressure,  constituting  the 
absolute  pressure  at  some  point  in  the  flue,  less  the  absolute  atmospheric 
pressure.  The  opposite  of  draft  will  be  called  positive  pressure  and  will  be 
defined  as  a  positive  differential  pressure. 

Draft  is  usually  measured  in  inches  of  water.  It  is  most  commonly 
measured  at  the  thimble,  where  the  breeching  enters  the  chimney  proper, 
although  it  may  be  measured  in  the  firebox,  the  smoke  breeching,  the  base 
of  the  chimney,  or  elsewhere,  depending  upon  the  type  of  chimney  instal- 
lation. 

Draft  may  be  classified  as  either  natural  or  mechanical,  depending  on 
whether  it  is  produced  by  a  chimney  or  by  a  blower.  Mechanical  draft  is 
further  classified  as  induced  or  forced,  depending  on  whether  the  air  is 
drawn  through  or  forced  through  the  combustion  chamber. 

THEORETICAL  DRAFT 

If  the  air  in  one  of  two  equal  chimneys  is  heated  while  that  in  the  other 
is  not,  the  air  in  the  heated  chimney  will  be  lighter  than  that  in  the  other 
chimney,  and  a  manometer  or  other  pressure  gage  connecting  the  two 
at  the  bottom  will  indicate  a  pressure  difference,  called  natural  draft. 
The  pressure  of  the  air  at  the  tops  of  the  two  chimneys  will  be  equal,  so 
that  the  pressure  difference  between  them  at  the  bottom  will  depend  only 
on  their  height  and  the  difference  in  density  of  the  air  they  contain.  As 
the  density  of  the  air  in  either  chimney  is  inversely  proportional  to  its 
absolute  temperature,  the  difference  in  pressure  between  them  at  the  bot- 
tom will  be  proportional  to  their  height  and  to  the  difference  between  the 
reciprocals  of  the  absolute  temperatures  within  them. 

As  the  pressure  at  the  bottom  of  an  unheated  (and  uncooled)  chimney 
will  be  the  same  as  that  of  the  air  outside,  the  unheated  chimney  can  be 
dropped  from  the  foregoing  illustration.  The  manometer  reading  will  be 
the  same  if  its  free  connection  is  left  open  to  the  atmosphere. 

These  considerations,  in  conjunction  with  those  of  barometric  pressure 
and  the  difference  in  density  of  flue  gases  from  that  of  air,  lead  to  the  fol- 
lowing formula : 

(wn     W\ 
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where 

H   »  height  of  chimney,  feet. 

B0  =  existing  barometric  pressure,  inches  of  mercury. 
W0  =  density  of  air  at  0  F  and  1  atmosphere  pressure,  pounds  per  cubic  foot* 
Wo  =  density  of  flue  gas  at  0  F  and  1  atmosphere  pressure,  pounds  per  cubic  foot. 
To  =  temperature  of  air  surrounding  the  chimney,  Fahrenheit  degrees  absolute, 
Tc  =  average  or  effective  temperature  of  the  gases  in  the  chimney,  Fahrenheit 
degrees  absolute. 

The  quantity  Dt,  found  by  the  formula,  is  the  pressure  difference  be- 
tween the  gas  inside  and  air  outside  of  the  chimney,  in  inches  of  water, 
when  no  flow  occurs  in  the  chimney.  The  quantity  is  variously  known  as 
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FIG.  1.  DBAPT  REQUIRED  AT  DIFFERENT  RATES  OF  COMBUSTION  FOR 
VARIOUS  KINDS  OF  COAL 

the  theoretical  draft,  the  static  draft  or  the  computed  draft.  It  is  very 
useful  in  predicting  and  analyzing  chimney  performance,  but  it  is  seldom 
if  ever  attained  in  an  actual  chimney  because  of  the  friction  incident  to 
gas  flow  and  the  effects  of  wind. 

One  variable  that  will  include  all  chimney  losses  is  the  chimney  efficiency ; 
hence,  it  is  an  excellent  way  of  summing  up  chimney  operational  charac- 
teristics. The  chimney  efficiency,  or  percentage  of  theoretical  draft  ob- 
tained, may  be  calculated  as  follows: 


Efficiency 


final  measured  draft 


ideal  draft  calculated  from  the  inlet  temperature 


(2) 


FACTORS  AFFECTING  REQUIRED  DRAFT 


Before  the  proper  chimney  can  be  selected  for  an  installation,  the  re- 
quired draft  of  the  combustion  unit  must  be  known.  The  required  draft 
is,  of  course,  equal  to  the  sum  of  all  the  resistances  to  gas  flow  from  the 
ash  pit  door  to,  and  including,  the  chimney  connection. 

Fig.  1  presents  information  on  the  fuel-bed  draft  loss  for  various  kinds 
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of  coal  burned  at  different  rates.  Rough  generalizations  can  be  given  for 
the  losses  in  the  flue  passages  of  boiler  or  furnace,  but,  on  account  of  the 
great  differences  in  such  devices,  more  reliable  data  on  their  flue  gas  volume, 
temperature  and  flue  resistance  should  be  obtained  for  design  purposes 
from  their  respective  manufacturers. 

Flue  gases  encounter  resistance  to  flow  in  breechings  or  smoke  pipes,  and 
this  can  probably  be  treated  with  sufficient  accuracy  by  means  of  the 
method  used  for  air  ducts.  (See  Chapter  31.)  The  friction  in  straight 
ducts  can  be  estimated  by  means  of  the  last  term  of  Equations  3  and  4. 

Also,  the  temperature  of  flue  gases  falls  during  passage  through  breech- 
ings  or  flue  pipes.  For  uninsulated  surfaces  this  probably  can  be  ade- 
quately estimated  by  assuming  a  loss  of  heat  from  the  flue  gas  of  3  Btu  per 
(hr)  (sq  ft)  (Fahrenheit  deg  temperature  difference  between  the  gases  and 
surrounding  air). 

INDUSTRIAL  CHIMNEYS 

Chimneys  can  be  classified  as  residential  and  industrial,  the  chief  dif- 
ference being  their  sizes  and  the  types  of  draft.  Chimneys  over  approxi- 
mately 1|  ft  in  diameter  are  in  the  industrial  chimney  class,  and  their  re- 
quirements should  be  treated  accordingly.  The  majority  of  industrial 
chimneys  operate  under  induced  or  forced  draft,  resorting  to  natural  draft 
operation  only  in  the  case  of  emergencies.  They  are  built  of  brick,  con- 
crete, or  steel,  depending  upon  economy  and  the  type  of  installation  needed. 
Proper  height  is  of  importance  because  of  removal  of  waste  products,  inas- 
much as  the  products  of  combustion  are  often  deflected  downward  around 
the  chimney  and,  with  the  large  amount  pf  gases  that  are  exhausted  to  the 
atmosphere  through  the  industrial  chimney,  downwash  can  be  very  ob- 
jectionable.1 

AVAILABLE  DRAFT  FOR  THE  INDUSTRIAL  CHIMNEY 

The  available  draft,  Z>a,  for  large  chimneys  and  stacks  has  been  estimated 
with  apparent  satisfaction  in  the  past  by  means  of  formulas  which  in  effect 
deduct  an  estimated  friction  loss  from  a  theoretical  draft  determined  as  in 
Equation  1.  The  friction  loss  can  be  estimated  by  means  of  one  of  the 
formulas  available  for  ducts,  such  as  the  Fanning  equation.  This  pro- 
cedure results  in  formulas  for  the  available  draft  as  follows  : 

For  a  cylindrical  stack: 

D 
Z>. 


and  for  a  rectangular  stack: 


where 

Da  «  available  draft,  inches  water  gage. 

H  =  height  of  chimney  above  grate,  feet. 

#0  =  existing  barometric  pressure,  inches  of  mercury. 

TF«  •*  density  of  air  at  0  F,  1  atmosphere  pressure. 

W9  »  density  of  flue  gas  at  0  F,  1  atmosphere  pressure. 

T0  —  temperature  of  atmosphere,  Fahrenheit  degrees,  absolute. 
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T9  «  temperature  of  flue  gas,  Fahrenheit  degrees,  absolute. 
W  »  flue  gas  flow  rate,  pounds  per  second. 
/  SB  coefficient  of  friction. 

L  =  length  of  friction  duct  (approximately  equal  to  #),  feet. 
D  =  minimum  diameter  of  round  chimney,  feet. 
x  and  y  =  length  and  width  of  cross-section  of  rectangular  chimney,  feet. 

The  following  notes  facilitate  the  use  of  Equations  3  and  4. 

1.  The  barometric  pressure,  represented  by  B0,  is  the  actual  pressure  at  the  site  of 
the  chimney  and  not  the  pressure  reduced  to  sea  level  datum. 

In  general,  the  barometric  pressure  decreases  approximately  0.1  in.  Hg  per  100  ft 
increase  in  elevation. 

2.  The  unit  weight  of  a  cubic  foot  of  chimney  gases  at  0  F  and  sea  level  barometric 
pressure  is  given  by  the  equation: 

W0  =  0.131C02  +  0.09502  +  0.083^2  (5) 

In  this  equation  COz,  #2  and  Nz  represent  the  percentages  of  the  parts  by  volume  of 
the  carbon  dioxide,  oxygen  and  nitrogen  content,  respectively,  of  the  gas  analysis. 
For  ordinary  operating  conditions,  the  value  of  W0  may  be  assumed  at  0.09. 

The  density  effect  on  the  chimney  gases,  due  to  superheated  water  vapor  resulting 
from  moisture  and  hydrogen  in  the  fuel,  or  due  to  any  air  infiltration  in  the  chimney 
proper,  is  disregarded.  Though  water  vapor  content  is  not  disclosed  by  Orsat  analy- 
sis, its  presence  tends  to  reduce  the  actual  weight  per  cubic  foot  of  chimney  gases. 

3.  The  atmospheric  temperature  is  the  actual  observed  temperature  of  the  outside 
air  at  the  time  the  analysis  of  the  operating  chimney  is  made.    The  mean  atmospheric 
temperature  in  the  temperate  zone  is  approximately  62  F. 

4.  The  chimney  gas  temperature  decreases  from  the  breeching  connection  to  the  top 
of  the  stack.    This  drop  in  temperature  depends  upon  the  material  and  construction 
of  the  stack,  its  tightness  or  freedom  from  leaks,  its  area,  its  height,  and  the  velocity 
of  the  gases  through  it.    The  same  chimney  will  suffer  different  temperature  losses 
depending  upon  the  capacity  under  which  it  is  working,  and  the  variable  atmospheric 
conditions.    No  general  equation  covering  all  these  variables  has  been  suggested, 
but  from  observations  on  chimneys  varying  in  diameter  from  3  to  16  ft,  and  in  height 
from  100  to  250  ft,  Equation  6  was  deduced:2 


where 

TI  —  temperature  at  the  center  of  the  connection  from  the  breeching,  Fahrenheit 

degrees,  absolute. 
Hb  =*  the  height  of  the  stack  above  center  line  connection  to  breeching,  feet. 

5.  The  coefficient  of  friction  between  the  chimney  gases  and  a  sooted  surface  has 
been  taken  by  many  workers  in  this  field  as  a  constant  value  of  0.016  for  the  condi- 
tions involved.  This  value,  of  course,  would  be  less  for  a  new  unlined  steel  stack  than 
for  a  brick  or  brick-lined  chimney,  but  in  time  the  inside  surface  of  all  chimneys,  re- 
gardless of  the  materials  of  construction,  becomes  covered  with  a  layer  of  soot,  and 
thus  the  coefficient  of  friction  has  been  taken  the  same  for  all  types  of  chimneys  and 
generally  constant  for  all  conditions  of  operation.  For  reasons  of  simplicity  and 
convenience  to  the  reader,  this  constant  value  of  0.016  has  been  employed  in  the  de- 
velopment of  the  various  special  equations  and  charts  shown  in  "this  chapter. 

In  important  large  chimney  design,  especially  when  the  construction  or  the  mate- 
rials are  unusual,  it  is  recommended  that  use  be  made  of  the  Reynolds  number3  in 
determining  the  friction  factor,  /. 

The  following  problem  illustrates  the  use  of  Equation  3 : 

Example  1.    Determine  the  available  draft  of  a  natural  draft  chimney  200  ft  in 
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height  and  10  ft  in  diameter,  operating  under  the  following  conditions :  atmospheric 
temperature,  62  F;  chimney  gas  temperature,  500  F;  sea  level  atmospheric  pressure, 
B0  =  29.92  in.  Hg;  atmospheric  and  chimney  gas  density,  0.0863  and  0.09,  respectively; 
coefficient  of  friction,  0.016;  length  of  friction  duct,  200  ft.  The  chimney  discharges 
100  Ib  of  gases  per  second. 

Substituting  these  values  in  Equation  3  and  reducing: 


a-u,x»x«.x(^-g)-* 


0.00126  X  1002  X  960  X  0.016  X  200 


10*  X  29.92X0.09 


-  1.27  -0.14  -1.18  in. 

Fig.  2  shows  the  variation  in  the  available  draft  of  a  typical  200  ft  by 
10  ft  chimney  operating  under  the  general  conditions  noted  in  Example  1. 
When  the  chimney  is  under  static  conditions  and  no  gases  are  flowing,  the 
available  draft  is  equal  to  1.27  in.  of  water,  the  theoretical  intensity.  As 
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FIG.  2.  TYPICAL  SET  OF  OPERATING  CHARACTERISTICS  OF  A  NATURAL  DRAFT  CHIMNET 


the  amount  of  gases  flowing  increases,  the  available  draft  decreases  until 
it  becomes  zero  at  a  gas  flow  of  297  Ib  per  second,  at  which  point  the  draft 
loss  due  to  friction  is  equal  to  the  theoretical  intensity.  The  point  of 
maximum  draft  and  zero  capacity  is  called  shut-off  draft,  or  point  of  im- 
pending delivery,  and  corresponds  to  the  point  of  shut-off  head  of  a  centrif- 
ugal pump.  The  point  of  zero  draft  and  maximum  capacity  is  called  the 
wide  open  point,  and  corresponds  to  the  wide  open  point  of  a  centrifugal 
pump.  A  set  of  operating  characteristics  may  be  developed  for  any  size 
chimney  operating  under  any  set  of  conditions  by  substituting  the  proper 
values  in  Equation  3,  and  then  plotting  the  results  in  the  manner  shown 
in  Fig.  2. 

Fig.  3  is  a  typical  chimney  performance  chart  giving  the  available  draft 
for  various  gas  flow  rates  and  sizes  of  chimney.  This  chart  is  based  on  an 
atmospheric  temperature  of  62  F,  a  chimney  gas  temperature  of  500  F, 
a  unit  chimney  gas  weight  of  0.09  Ib  per  cu  ft,  sea  level  atmospheric 
pressure,  a  coefficient  of  friction  of  0.016,  and  a  friction  duct  length  equal 
to  the  height  of  the  chimney  above  the  grate  level.  These  curves  may  be 
used  for  general  operating  conditions.  For  specific  conditions,  a  new  chart 
may  be  prepared  from  Equation  2  or  4. 
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DETERMINING  CHIMHEY  SIZES  FOR  THE  INDUSTRIAL  CHIMNEY 

If  the  required  performance  for  a  proposed  chimney  is  known,  and  if  a 
chimney-gas  velocity  is  assumed.  Equation  3  can  be  transposed  to  yield  the 
necessary  height,  and  an  equation  can  be  developed  for  the  required  diame- 
ter. These  operations  result  in  the  following  equations: 


H 


Dr 


2.96S, 


fW.  _ 
\T. 


T0D 


(7) 


.001      ,002       ,003       .004       .005       .006      .007 
Available  Draft  per  Ft  of  Height,  in.  of  Water 

FIG.  3.  CHIMNEY  PEBFOBMANCB  CHAET 

To  solve  a  typical  example:  Proceed  horizontally  from  a  Weight  Flow 
Bate  point  to  intersection  with  diameter  line;  from  this  intersection  fol- 
low vertically  to  chimney  height  line;  from  this  intersection  follow  hori- 
zontally to  the  right  to  Available  Draft  scale,  Starting  from  a  point  of 
Available  Draft,  take  steps  in  reverse  order. 


The  weight  of  gas  per  second,  W  =  12.075 

D  «  0.288 


J  from  which 


(8) 


where 

E  «  required  height  of  chimney  above  grate,  feet. 
D  =  required  minimum  diameter  of  chimney,  feet. 
V  »  chimney  gas  velocity,  feet  per  second. 
Dr  =  total  required  draft,  inches  of  water. 
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For  large  chimneys,  It  is  usual  to  assume  that  total  construction  cost 
is  least  when  the  product  HD  (height  X  diameter)  is  minimum.  On  this 
assumption,  the  product  of  Equations  7  and  8  can  be  differentiated,  and 
the  differential  set  equal  to  zero  to  find  the  minimum.  Solution  for  velocity 
then  yields  the  following  equation: 


F.-V 1±* le/    r    ^K*l  (9) 

where 

VG  »  economical  chimney  gas  velocity,  feet  per  second. 

Equations  7,  8  and  9  can  of  course  be  simplified  if  values  are  assumed 
for  some  of  the  factors  in  it.  Some  typical  figures  for  boiler  plants  are  : 

Average  chimney  gas  temperature  500  F T0  =  960  F  absolute 

Average  atmospheric  temperature  62  F T*  —  522  F  absolute 

Average  coefficient  of  friction  0.016 /  »  0.016 

Average  chimney,  gas  density,  0  F;  1  Atmosphere W0  =  0.09  Ib  per  cu  ft 

Barometer  reading,  sea  level B0  =  29.92  in.  Hg 

When  these  values  are  substituted  in  Equations  7,  8  and  9  respectively,  the 
results  are: 

H  =*  190Dr    (10)  D  «  L5TF2'5    (11)  Fe  =  13.7W1/8    (12) 

These  equations  should  be  used  for  general  operating  conditions  only,  or 
where  the  required  data  necessary  for  an  exact  determination  are  difficult 
or  impossible  to  secure.  Whenever  it  is  possible  to  obtain  accurate  data,  or 
the  anticipated  operating  conditions  are  fairly  well  known,  the  required  size 
should  be  determined  from  Equations  7,  8,  and  9. 

Additional  construction  data  for  large  industrial  chimneys,  whether 
brick,  concrete,  or  steel,  may  be  found  in  Kent's  Mechanical  Engineers' 
Handbook4  or  the  Handbook  of  Building  Construction.5 

DOMESTIC  CHIMNEYS 

A  residential  chimney,  in  order  to  provide  satisfactory  performance, 
must  have  adequate  height,  have  adequate  area,  be  of  permanently  tight 
construction,  and  should  be  as  smooth  internally  as  is  practicable.  The 
height  of  the  residence  or  apartment  chimney  is  generally  limited  by 
height  of  the  building  and  by  cost.  Inasmuch  as  the  desirable  height,  as 
well  as  location  of  the  chimney,  architecturally,  may  be  unsatisfactory  for 
the  correct  operation  of  the  boiler  or  furnace,  it  is  important  to  obtain  the 
chimney  requirements  from  the  manufacturer  of  the  fuel-burning  appliance 
which  is  to  be  installed. 

VTost  domestic  chimneys  are  constructed  of  brick  with  a  clay  flue  liner, 
but  recently  several  lightweight,  prefabricated  chimneys  have  been  mar- 
keted. These  chimneys  were  primarily  designed  for  use  with  gas  equip- 
ment, but  recently  several  have  been  approved  by  the  National  Board  of 
Fire  Underwriters  for  use  with  all  types  of  fuels.  The  advantages  of  the 
lightweight,  prefabricated  chimney  are  ease  of  installation,  somewhat  lower 
cost,  and  reduced  weight  on  the  supporting  structure. 

It  should  be  remembered  that  mechanically-fired  devices,  oil  burners  and 
stokers,  are  equipped  with  blowers  so  that,  with  these  devices,  the  chimney 
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is  not  required  to  overcome  the  resistance  of  a  fuel  bed.  Nevertheless,  a 
draft  in  the  firebox,  of  about  0.03  in.  of  water,  is  considered  desirable  so 
that  any  small  openings  in  the  firebox  or  flue  passages  will  result  in  leak- 
age of  air  inward,  and  not  leakage  of  combustion  products  outward.  This 
is  not  to  be  taken  to  condone  leaks  in  fireboxes.  Such  leaks  adversely 
affect  plant  efficiency. 

AVAILABLE  DRAFT  FOR  THE  DOMESTIC  CHIMNEY 

The  small  domestic  chimney  does  not  appear  to  follow  the  same  mathe- 
matical relations  as  the  larger  industrial  chimney,  because  of  increased 
friction  losses  (apparently  caused  by  the  extremely  low  flue-gas  velocities 
which  create  eddies  and  reversal  of  flow) ;  hence,  a  slightly  different  method 
of  determining  the  available  draft  is  required. 


200          400  600          eoo 

FLUE -GAS  FLOW -POUNDS    PER    HR 

FIG.  4.  AVAILABLE  CHIMNEY  DBAFT  FOB  13  FT  BRICK  CHIMNEY*-  b 

f  Square  Flue  Liner  6f  x  6f  in.  inside. 

D  Barometric  Pressure  29.92  in.  Hg,  Air  Temperature  60F. 

The  most  accurate  method,  obviously,  would  be  to  use  actual  test  data 
of  the  particular  chimney  in  question.  Fig.  4  is  a  graphical  presentation 
of  the  available  chimney  draft  over  a  wide  range  of  flows  for  a  standard 
13-ft  brick  chimney  with  an  8  x  8-in.  nominal-size  flue;8  whereas  Tables  1 
and  2  are  the  observed  performances  of  various  sizes  and  heights  of  brick 
chimneys.7 

These  data  are  from  two  different  sources,  and  have  been  corrected  to 
different  temperatures,  but  they  may  be  made  comparable  by  the  following 
relation: 

Ot  -  Oi  =  Si  -  81  (13) 

where 

Si  »  computed  static  draft  at  Ti  and  BI. 
182  =  computed  static  draft  at  Tz  and  B*. 

01  —  observed  draft  at  TI  and  B\. 

02  =  observed  draft  at  T2  and  J53. 

It  will  be  noted  in  Tables  1  and  2  that  the  observed  draft  exceeded  the 
computed  static  draft  at  some  points.  A  draft  difference  of  0.004  in.  of 
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water  is  equivalent  to  only  11  deg  difference  in  temperature.  It  would 
therefore  be  assumed  that  the  temperature  measurement  with  unshielded 
thermocouples  indicated  less  than  actual  temperature  in  these  cases.  No 
such  observed  differences  was  noted  among  the  temperature  measurements 
taken  for  the  data  in  Fig.  4,  which  were  made  with  a  high-velocity,  aspi- 
rating shielded  thermocouple. 

The  accurate  determination  of  the  available  chimney  draft  for  any 
particular  chimney  is  a  complicated  problem.  The  following  approximate 
method6  is  based  on  the  assumption  that,  for  small  residential  chimneys  10 
to  25  ft  in  height,  and  with  a  cross-sectional  area  of  35  to  55  sq  in.,  the 
chimney  efficiency  will  vary  within  only  plus  or  minus  15  per  cent  among 
chimneys  at  the  same  flow  and  temperature  conditions. 

The  available  draft  may  be  expressed  as: 

Da  «  ?vDt  (14) 


CHIMNEY  EFFICIENCY  -  PER  CENT 

O  Q>  0>  •£  ft}  W  £  O»  O>  C 
OOOOOOOOOOC 

jf€^~ 

-  ..» 
*-—  -^ 

SS-. 

•••^^ 

=S=E 

"-^ 

=^ 

- 

CON 

DITI 

I 

ONS     29. 
60  F    Ah/ 

92  Ib 

BlEf 

J.HG 

NIT 

4 

•. 

/ 

y 

\ 

X 

~^ 

^ 

^ 

•*•*•», 

^^ 

_  /rt 

/ 

Nfc 

kl 

V. 

\ 

>^- 

3& 

t=^ 

1 

^ 

N^, 

*v, 

^ 

f^ 

<•>, 

T 

X 

K^ 

"^ 

fr 

> 

\ 

A 

^0 

)               JOO           200           300           400           500           600           700            8C 

GAS    FLOW  -POUNDS    PER    HR 

FIG.  5.  EFFECT  OF  GAS  FLOW  ON  CHIMNEY  EFFICIENCY* 
a  Derived  from  temperature  plots.    Liner  8  x  8  in.  outside,  6|  x  6J  inside.    Height  13  Ft. 

where 

n0  =  chimney  efficiency  taken  from  Fig.  5  at  the  desired  conditions  of  tempera- 
ture and  flow. 

Dt  =  theoretical  draft.  It  may  be  calculated  from  Equation  1,  assuming  that 
the  barometric  pressure  is  29.92  in.  Hg,  and  the  ambient  air  temperature  is  60  F. 

Example  2.  Determine  the  available  draft  of  a  13-ft  chimney;  inside  diameter,  7 
in.;  inlet  temperature,  205  F;  flow  rate,  275  Ib  per  hr;  temperature  of  air  surrounding 
chimney,  60  F;  and  barometric  pressure,  29.92  in.  Hg, 

Solution.    The  theoretical  draft  from  Equation  1  is: 


Dt  «  2,96  x  13  x  29.92 


^^8  -  ^^ 
L  520  665  J 


0.0415  in.  water. 


From  Fig.  5,  n0  =  0.60 

Da  »  0.60  X  0.0415 

D&  -  0.0249  in.  water  at  29.92  in.  Hg  and  60  F. 

For  calculations  where  the  fuel  rate,  and  the  percentage  C02  are  the  only 
known  factors,  Fig.  6  is  included  so  that  the  flue-gas  rate  can  easily  be  de- 
termined for  coal,  oil,  and  gas.  By  entering  at  percentage  COg  moving 
vertically  to  the  curve  for  the  type  of  fuel,  and  then  moving  horizontally  to 
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the  fuel  rate,  the  flue-gas  rate  in  pounds  per  hour  may  be  determined  for 
any  fuel. 

It  should  be  noted  that  at  the  higher  flows,  simulating  operation  with 
stoker  equipment,  the  error  due  to  friction  losses  will  increase  as  the  flow 
increases,  but  a  reliable  determination  of  the  available  draft  may  still  be 
had  with  only  a  slight  increase  in  error. 

DETERMINING  CHIMNEY  SIZES  FOR  DOMESTIC  CHIMNEYS 

The  flue  size  for  the  small  domestic  chimney  is  governed  by  the  Building 
Code  of  the  National  Board  of  Fire  Underwriters.  It  should  be  noted  that 
these  sizes  are  subject  to  revision;  hence,  the  latest  edition  of  the  Building 
Code  must  be  referred  to  for  current  minimum  chimney-flue  areas. 

By  calculating  the  available  draft  for  the  chimney  in  question,  and  com- 
paring it  with  the  performance  values  of  the  heating  unit,  either  natural 

FLUE    GAS    FLOW- POUNDS    PER  'HR 
200  400  600  800  1000 


68          10        12        14         16        18 
C02   -PER    CENT 

FIG.  6.  GEAPHICAL  EVALUATION  OF  RATE  OF  FLUE  GAS  FLOW  FBOM  PER  CENT  C02 

AND  FUEL  RATE* 

*  Average  density  gas  0.045  Ib  per  cu  ft,  62  F.    Average  weight  oil  7.08  Ib  per  gal,  60  F. 

draft  or  stoker  equipment,  at  full  rating,  it  is  possible  to  determine  whether 
the  chimney  is  adequate  for  the  particular  heating  unit  it  serves. 

Any  of  the  described  methods  of  determining  available  draft  may  be 
used,  but  a  graphical  solution  to  the  problem  may  be  had  for  the  8  x  8-in. 
chimney  from  Figs.  4  and  6.  This  solution  can  be  best  explained  by  a 
numerical  example. 

Example  5.  Determine  if  a  13-ft,  8  x  8-in.  nominal-size  flue  is  sufficient  for  a  coal- 
heating  unit  rated  at  0.03  in,  of  water  draft  at  400  F  inlet  temperature,  fuel  rate  being 
10  Ib  per  hr  of  bituminous  coal,  with  10  per  cent  COa. 

Solution.  From  Fig.  6,  a  flue-gas  rate  of  approximately  180  Ib  per  hr  is  obtained. 
The  available  draft  for  a  180  Ib  per  hr  fuel  rate,  and  an  inlet  temperature  of  400  F, 
obtained  from  Fig.  4,  is  0.056  in.  of  water.  This  indicates  that  the  chimney  is  ade- 
quate. 

RELATIVE  PERFORMANCE  OF  VARIOUS  TYPES  OF  DOMESTIC 

CHIMNEYS 

The  clay-lined  brick  chimney  is  the  most  commonly  used  chimney,  but 
recently  other  building  materials  have  been  used  with  varying  degrees  of 
success.  Table  3  shows  a  comparison  of  the  observed  draft  for  two  com- 
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mon  brick  chimneys,  and  a  group  of  chimneys  constructed  of  various  build- 
ing materials.8 

The  following  list  describes  these  chimneys: 

Chimney  1.  Common  brick  having  6  core  holes,  ^J-in.-diam,  7  x  11-in.  fire  clay 
flue  liner  surrounded  by  air  space,  8~m.-diam  metal  thimble. 

Chimney  2.  Common  brick,  7  x  11-in.  fire  clay  flue  liner  grouted  in  with  mortar, 
8-in.-diam  metal  thimble. 

Chimney  5.  Shale  multi-cored  tile  3|  x  4  x  12-in.  in  size,  7  x  11-in.  fire  clay  liner 
surrounded  by  an  air  space,  8-in.-diam  thimble  of  tile. 

Chimney  6.  Fire  clay  multi-cored  tile  4  x  5  x  12  in.  in  size,  7  x  11-in.  fire  clay  tile 
liner  surrounded  by  an  air  space,  8-in.-diam  thimble  of  tile. 

Chimney  7.  Shale  partition  tile  having  webs  and  shells  approximately  ^-in. 
thick,  7  x  11-in.  fire  clay  tile  liner  with  an  air  space,  8-in.-diam  thimble  of  tile. 

Chimney  10.  Cinder  concrete  building  block  having  two  cells,  7  x  7-in.  fire  clay 
flue  liner  with  an  air  space,  7-in.-diam  steel  thimble. 

Chimney  11.    Same  as  Chimney  10  except  that  solid  cinder  blocks  were  used. 

TABLE  3.    COMPARISON  OF  OBSERVED  DRAFT  AT  STAND  ABD  CONDITIONS  FOR  A  GROUP 
-  OF  CHIMNEYS  CONSTRUCTED  OF  VABIOUS.  BUILDING  MATERIALS  AND  Two  COMMON 

BRICK  CHIMNEYS 


LINER,  7  x  7  IN. 

LINER,  7  x  11  IN. 

INLET  FLUE- 
GAS  TEMP 
F 

DKAFT  IN.  WATEB 

INLET  FLTJE- 
GAS  TEMP 
F 

DRAPT  IN.  WATER 

COMMON  BBICK 
CHIMNEI 

CINDER-CON- 
CHETE  BLOCK 
CHIMNEYS 
(10,  11,  13,  14) 

COMMON  BRICK 

CHIMNEY 

BRICK,  SHALE- 
TILE,  AND 

ClNDHR-CON- 
CEETE  BLOCK 

CHIMNEYS 
(1,  2,  5,  6,  7,  12) 

Rate  of  Gas  Flow,  20  cfm 


'   250 

0.053 

0.044-.053 

275 

0.055 

-  0.053-.057 

400  • 

.072 

.067-.  075 

__ 

___ 

600 

.086 

.093-.096 

600 

.088 

.087-.095 

1000 

.115 

.119-.  123 

1000 

.108 

.112-.  121 

Rate  of  Gas  Flow,  70  cfm 


200 

0.053 

0,041-.  051 

200 

0.052  - 

0.043-.055 

400 

.079 

.078-.  087 

__ 

—. 

— 

600 

.102 

.103-.  112 

600 

.102 

.108-.  113 

1000 

.127 

.133-.  140 

1000 

.131 

,138-.  144 

Chimney  12.  Cinder  concrete  chimney  unit  blocks  17  x  22  x  8  in.,  designed  to 
be  used  with  7  x  11-in.  fire  clay  liner.  Except  for  a  spacing  boss  at  the  midlength  of 
each  side,  the  liner  was  spaced  i  in.  from  the  interior  of  the  unit. 

Chimney  IS.  Cinder  concrete  chimney  unit  blocks  16  x  16  x  8  in.,  7  x  7-in.  fire 
clay  liner  grouted  in  solid  with  mortar,  7-in.-diam  thimble  of  tile. 

Chimney  14-  Same  as  Chimney  13,  except  that  the  liner  was  grouted  only  at  the 
joints. 

These  chimneys  were  all  approximately  15.5  ft  high,  and  the  drafts  have 
been  corrected  to  29.92  in.  Hg  at  32  F. 

There  are  several  lightweight  chimneys  that  have  been  recently  approved 
by  the  National  Board  of  Fire  Underwriters  for  use  with  all  types  of  fuel. 
These  chimneys  are  constructed  of  precast  masonry  or  vitreous  enameled 
steel  insulated  with  an  insulating  material.  The  characteristics  of  these 
chimneys  can  be  assumed  to  be  approximately  those  presented  in  Table  3. 

DRAFT  REQUIREMENTS  OF  DOMESTIC  APPLIANCES 

Typical  flue-gas  temperatures  and  drafts  required  at  Crated  output  for 
several  kinds  of  domestic  heating  appliances9  are  contained  in  Table  4. 
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TABLE  4.    DBAPTS  REQTJIBED  BY  TYPICAL  DOMESTIC  HEATING  DEVICES  OK 

APPLIANCES 


DEVICE 

DRAFT, 
INCHES 
WATER 

STACK 
TEMPERATURE 
F  DEC 

Space  Heater  Oil  Burning  Pot  Burner             

0.06  to  0.08 

1000 

Warm  Air  Furnace,  Oil  Burning,  Pot  Burner  
Warm  Air  Furnace,  Hand  Fired  

0.06 
0.06^ 

860 
900 

Floor  Furnace  Oil  Burning  Pot  Burner           

0.06 

860 

Mechanical  Oil  Burner,  Less  than  5  gph  
Mechanical  Oil  Burner  More  than  5  gph           

0.03* 
0.05a  or  less 

Cooking  Stove  Solid  Fuel                                  . 

Q.04k 

400 

Space  Heater  Cool  Burning"                               ....... 

0,06b 

900 

*  Draft  in  firebox.       *>  For  chestnut  sized  anthracite. 

CHIMNEYS  FOR  GAS  HEATING 

Heating  appliances  designed  to  burn  gas  as  well  as  appliances  converted 
to  gas  burning,  except  those  equipped  with  power  type  burners  and  ex- 
cepting conversion  burner  installations  in  excess  of  400,000  Btu  per  hour 
input  in  large  steel  boilers,  are  always  equipped  with  a  draft  hood  attached 
to  the  flue  outlet  of  the  appliance.  This  draft  hood  is  required  if  the 
appliance  is  to  meet  the  approval  requirements  of  the  American  Gas  As- 
sociation and  the  American  Standards  Association,  and  is  essential  for  safe 
operation.  It  is  designed  to  prevent  excessive  chimney  draft  which  would 
lower  appliance  efficiency,  to  prevent  a  blocked  flue  or  a  down-draft  in  the 
chimney  from  impairing  combustion,  to  provide  a  relief  opening  for  the 
products  of  combustion  during  down-draft  or  blocked  flue  conditions,  and 
to  prevent  spillage  of  the  products  of  combustion  to  the  space  surrounding 
the  appliance,  if  there  is  a  chimney  draft  equivalent  to  that  provided  by  a 
3-ft  chimney.  As  the  draft  hood  is  designed  without  moving  parts,  the 
relief  opening  is  always  open,  and  consequently  some  air  is  drawn  into  the 
chimney.  While  the  air  drawn  in  lowers  the  gas  temperature  in  the  chim- 
ney, it  also  lowers  the  dew-point  of  the  gases  and  tends  to  prevent  con- 
densation. 

The  installation  of  conversion  burner  equipment  in  large  boilers  is 
usually  made  in  accordance  with  regulations  of  the  local  gas  company. 
In  such  installations  a  definite  chimney  draft  may  be  required  for  proper 
combustion,  and  consequently  the  foregoing  reference  to  the  use  of  draft 
hoods  would  not  apply. 

The  products  of  complete  combustion  of  gas  are  water  vapor  (H%0) 
and  carbon  dioxide  ((702).  In  the  case  of  manufactured  gas,  the  presence 
of  organic  sulfur  Compounds,  generally  between  3  and  15  grains  per  hun- 
dred cubic  feet,  gives  rise  to  minute  percentages  of  sulfur  dioxide  and  sulfur 
trioxide. 

The  volume  of  water  vapor  in  the  flue  products  from  natural  or  coke  oven 
gas  is  about  twice  the  volume  of  carbon  dioxide.  It  is  extremely  important 
that  the  chimney  be  tight  and  resistant  to  corrosion,  not  only  from  moisture, 
but  also  from  dilute  sulfur  trioxide. 

Clay  linings  with  joints  which  prevent  retention  of  moisture  and  lin- 
ings made  of  non-corrosive  materials,  are  advantageous.  The  protection 
of  unlined  chimneys  has  been  investigated  and  the  results  indicate  that 
after  the  loose  material  has  been  removed,  spraying  with  a  water  emulsion 
of  asphalt  chromate  will  provide  excellent  protection. 
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Advice  regarding  recommended  practice  and  materials  for  flue  connec- 
tions and  chimney  linings  can  usually  be  obtained  from  the  local  gas  com- 
pany, and  should  be  given  careful  consideration. 

Since  a  gas-designed  appliance  must  be  able  to  operate  at  rated  input 
(plus  10  or  15  per  cent)  without  chimney  connection,  and  without  pro- 
ducing carbon  monoxide,  the  only  function  of  the  chimney  is  to  remove  the 
products  of  combustion  from  the  room.  The  chimney  provides  draft  to 


5  6  78 

INNER  DIAMETER  OF  FLUC   IN  INCHES 

FIG.  7.  ALLOWABLE  BTTJ  INPUT  TO  CIRCULAR  FLUES  FOR  DOMESTIC  GAS  APPLIANCES 

WITH  DEAFT  HOODS 

NOTES  APPLYING  TO  FIG.  7:  '        '  „  ^  i_  .  . 

1.  Chart  is  based  on :  average  flue  temperature  of  150  F,  outside  temperature  of  60  Ff  barometric  pressure  of 
30  in.  Hg,  100  per  cent  excess  air  and  100  per  cent  dilution  at  draft  hood. 

2.  Based  on  terra-cotta  lined  flues.    Withrough  brick  flues  .capacities  are  15  per  cent  less. 

3.  Based  on  condition  that  horizontal  run  is  not  greater  than  20  ft  except  for  a  flue  height  less  than  20  ft,  in 
which  case  the  horizontal  run  is  not  to  have  greater  length  than  the  height  of  the  flue. 

4.  Two  long  radius  elbows  are  included  in  the  horizontal  run,  the  diameter  of  which  is  equal  to  that  of 
the  flue. 

5.  Each  additional  elbow  reduces  the  allowable  horizontal  run  by  a  length  in  feet  equal  to  the  diameter  in 
inches. 

6.  When  the  horizontal  run  has  an  effective  length  in  excess  of  that  given  (or  additional  elbows)  the  next 
larger  size  of  flue  should  be  chosen .    It  is  desirable  that  long  horizontal  runs  be  insulated  to  reduce  heat  loss  of 
flue  products  and  to  conserve  draft. 

7.  Capacities  should  be  reduced  3.5  per  cent  for  each  1000  ft  above  sea  level, 
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overcome  the  friction  in  the  flue  pipe  and  chimney,  but  does  not  draw  air 
into  the  appliance. 

Chimneys  for  venting  appliances  designed  for  burning  gas  can^  therefore 
be  low  in  height,  but  must  have  adequate  area.  The  height  is  usually 
established  by  the  building  height.  Chimney  sizes  are  usually  selected 
on  the  basis  of  Btu  input  of  the  appliance.  One  chart10  designed  to  facilitate 
selection  is  shown  in  Fig.  7.  The  assumptions  made  in  preparing  the  chart, 
as  well  as  its  limitations,  should  be  noted  carefully. 

Since  Fig.  7  has  been  prepared  for  circular  flues,  relative  capacities  for 
rectangular  and  semi-elliptical  flues11  are  shown  in  Fig.  8. 

When  a  flue  is  connected  to  several  appliances,  the  number  of  horizontal 
runs  of  various  sizes  which  may  be  substituted  for  the  single  run  having  a 
diameter  equal  to  that  of  the  flue  may  be  obtained  from  Table  5. 


v  V 

i  4 

NARROWEST 

FLUE 
ADVISABLE 


O          20         40          60         00          100        I2O        HO         Iftp        ISO       20O 
PER    CENT    INCREASE    IN    CAPACITY    OVER     CIRCULAR    FLUE 

Fia.  8,  CAPACITY  OF  A  BECTANGTTLAR  FLUE  OR  A  SEMI -ELLIPTICAL  FLTJE,  WITH  SEMI- 

CIRCULAB  ENDS  HAVING  ITS  MINIMUM  WIDTH  EQUAL  TO  THE  DIAMETER  OF  A 

CIRCULAR  FLUE,  COMPARED  WITH  THE  CAPACITY  OP  THE  CIRCULAR  FLUE 

RECOMMENDATIONS  OF  THE  NATIONAL  BOARD 
OF  FIRE  UNDERWRITERS 

For  general  data  on  the  construction  of  chimneys  reference  should  be 
made  to  the  Building  Code,  recommended  by  the  National  Board  of  Fire 
Underwriters,  Article  X,  Section  1001  to  1006,  in  which  the  following  are 
some  of  the  important  provisions  listed  in  the  1949  edition: 

1.  Flue  Connections  Required^.    Every  heating  apparatus  or  heat  producing  ap- 
pliance requiring  a  flue  connection  shall  be  connected  with  a  flue  conforming  to  the 
provisions  of  this  article.    This  shall  not  include  electric  appliances;  gas  appliances, 
except  as  specifically  required  in  this  article;  nor  oil  fired  appliances  especially  de- 
signed for  use  without  flue  connection, 

2.  Use  of  Nonconforming  Flues.    Flues  not  conforming  to  the  requirements  of 
this  article  for  chimneys,  metal  smokestacks  or  vents  for  gas  appliances,  shall  not 
be  used  unless  listed  by  underwriters'  Laboratories,  Inc.,  installed  in  full  compliance 
with  the  listing  and  the  manufacturers'  instructions,  and  approved  for  such  use 
by  the  building  official. 

3.  Smoke  Pipe  Connections. 

a.  No  flue  shall  have  smoke  pipe  connections  in  more  than  one  story  of  a  building, 
unless  provision  is  made  for  effectively  closing  smoke  pipe  openings  with  devices 
made  of  noncombustible  materials  whenever  their  use  is  discontinued  temporarily, 
and  completely  closing  them  with  masonry  when  discontinued  permanently. 
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b.  Two  or  more  smoke  pipes  shall  not  be  joined  for  a  single  connection,  unless 
the  smoke  pipes  and  flue  are  of  sufficient  size  to  serve  all  the  appliances  thus  con- 
nected. 

c.  The  smoke  pipe  of  a  heating  appliance  shall  not  be  connected  into  the  flue  of 
an  incinerator  which  has  the  rubbish  chute  identical  with  the  smoke  flue. 

4.  Construction  of  Chimneys, 

a.  Chimneys  hereafter  erected  within  or  attached  to  a  structure  shall  be  con- 
structed in  compliance  with  the  provisions  of  this  section. 

b.  Chimneys  shall  extend  at  least  3  ft  above  the  highest  point  where  they  pass 
through  the  roof  of  the  building,  and  at  least  2  ft  higher  than  any  ridge  within  10  ft 
of  such  chimney. 

c.  Chimneys  shall  be  wholly  supported  on  masonry  or  self-supporting  fireproof 
construction. 

d.  No  chimney  shall  be  corbeled  from  a  wall  more  than  6  in.;  nor  shall  a  chimney 
be  corbeled  from  a  wall  which  is  less  than  12  in.  in  thickness,  unless  it  projects  equally 
on  each  side  of  the  wall ;  provided  that  in  the  second  story  of  2-story  dwellings  cor- 
beling of  chimneys  on  the  exterior  of  the  enclosing  walls  may  equal  the  wall  thickness. 
In  every  case  the  corbeling  shall  not  exceed  1  in.  projection  for  each  course  of  brick 
projected. 

TABLE  5.    EQUIVALENT  FLUB  PIPE  SIZES* 


DIAMETER 

SIZE  OF  FLUB 

OF 

HORIZONTAL 

RUNS 

3 

4 

5 

6 

8 

10 

12 

3 

1 

2 

3 

5 

9 

12 

22 

4 

1 

2 

3 

5 

7 

11 

5 

I 

2 

3 

4 

7 

6 

1 

2 

3 

5 

8 

1 

2 

3 

*  Comfort  Heating  (American  Gas  Association'). 

e.  No  change  in  the  size  or  shape  of  a  chimney,  where  the  chimney  passes  through 
the  roof,  shall  be  made  within  a  distance  of  6  in.  above  or  below  the  roof  joists  or 
rafters. 

5.  Chimneys  for  Heating  Appliances ,  Low  Heat  Industrial  Appliances  and  Portable 
Type  Incinerators. 

a.  Chimneys  for  stoves,  cooking  ranges,  warm  air,  hot  water  and  low  pressure 
steam  heating  furnaces,  fireplaces,  and  low  heat  industrial  appliances,  other  than 
chimneys  for  incinerators  of  nonportable  type,  shall  be  constructed  of  solid  masonry 
units  or  of  reinforced  concrete.    The  walls  shall  be  properly  bonded  or  tied  with 
corrosion-resistant  metal  anchors.    In  dwellings  and  buildings  of  like  heating  re- 
quirements, the  thickness  of  the  chimney  shall  be  not  less  than  4  in.    In  other  build- 
ings the  thickness  shall  be  not  less  than  8  in.,  except  that  rubble  stone  masonry  shall 
be  not  less  than  12  in.  thick. 

b.  Every  such  chimney  hereafter  erected  or  altered  shall  be  lined  with  a  flue  lin- 
ing conforming  to  the  requirements  below. 

c.  Flue  linings  shall  be  made  of  fire  clay  or  other  refractory  clay  which  will  with- 
stand the  action  of  flue  gases  and  resist,  without  softening  or  cracking,  the  tempera- 
tures to  which  they  will  be  subjected,  but  not  less  than  2000  F.    Flue  linings  may  be 
of  cast  iron  of  approved  quality,  form  and  construction. 

d.  Required  clay  flue  linings  shall  be  not  less  than  f  in.  thick  for  the  smaller 
flues,  and  shall  increase  in  thickness  for  the  larger  flues.  ^ 

e.  Flue  linings  shall  be  installed  ahead  of  the  construction  of  the  chimney  as  it  is 
carried  up,  carefully  bedded  one  on  the  other  in  Type  A,  Type  B,  or  fire  clay  mortar 
with  close  fitting  joints  left  smooth  on  the  inside. 

f .  Flue  linings  shall  start  from  a  point  not  less  than  8  in.  below  the  intake,  or,  in 
the  case  of  fireplaces,  from  the  throat  of  the  fireplace..    They  shall  extend,  as  nearly 
vertically  as  possible,  for  the  entire  height  of  the  chimney,  and  be  extended  4  in.  above 
the  top  of  cap  of  the  chimney. 

g.  Cleanouts  for  flues  or  fireplaces  shall  be  equipped  with  cast-iron  doors  and 
frames  arranged  to  remain  tightly  closed  when  not  in  use. 

h.  When  two  or  more  flues  are  contained  in  the  same  chimney,  at  least  every  third 
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flue  shall  be  separated  by  masonry  at  least  4  in.  thick  bonded  into  the  masonry  wall 
of  the  chimney.    Where  flue  linings  are  not  so  separated,  the  joints  of  adjacent  flue 
linings  shall  be  staggered  at  least  7  in. 
6.  Sizes  of  Flues. 

a.  The  cross-sectional  area  of  smoke  flues  shall  be  designed  and  proportioned  to 
meet  the  conditions  of  temperature,  within  and  without  flue,  thickness  of  masonry, 
exposure,  shape  and  material  of  flue,  and  other  influences. 

b.  The  cross-sectional  areas  of  flues  and  vents  for  gas  burning  appliances  shall 
be  not  less  than  one  square  inch  per  7500  hourly  Btu  input,  and  in  no  case  shall  this 
section  be  less  than  3  in.  in  diameter.    Flues  and  vents  shall  have  cross-sectional 
areas  at  least  equal  to  the  aggregate  areas  of  the  vents  of  the  appliances  connected 
to  them. 

For  gas  appliances  the  Building  Code  specifies  lined  chimneys  and  metal 
smoke  stacks  for  all  appliances  which  may  be  converted  readily  to  the  use 
of  solid  or  liquid  fuel,  and  also  for  all  boilers  and  furnaces,  except  those 
having  a  flue-gas  temperature  not  exceeding  550  F  at  the  outlet  of  the 
draft  hood  when  burning  gas  at  the  manufacturer's  rating  and  which  may, 
therefore,  be  connected  to  Type  B  vent  piping.  Approved  Type  B  vent 
piping  is  noncombustible,  corrosion-resistant  piping  of  adequate  strength 
and  heat-insulating  value,  and  having  bell  and  spigot  or  other  acceptable 
joints.  Fig.  7  may  be  used  for  selection,  of  bent-pipe  size. 

Important  points  to  be  considered  in  the  use  of  Type  B  vent  piping  are: 

1.  Type  B  flues  must  be  plainly,, and  permanently  marked  at  the  point  where  the 
vent  connection  enters  the  flue:  For  Use  of  Gas  Appliances  Only. 

2.  Type  B  gas  vents  shall  be  installed  with  a  clearance  to  combustible  material 
or  construction,  whether  plastered  or  unplastered,  of  not  less  than  one  inch,  provided 
that  for  vents  of  floor  furnaces,  such  clearance  shall  be  not  less  than  3  ft  from  the 
outlet  of  the  draft  hood,  measured  along  the  center  line  of  the  vent  piping. 

Other  important  points  that  should 'be' considered  for  flues  and  vents  for 
gas  appliances  are  as  follows: 

1.  Clearances  from  combustible  material  to  gas  appliance  vent  piping  other  than 
approved  Type  B  gas  vents  shall  be  in  accordance  "with  the  Building  Code  Standards 
of  the  National  Board  of  Fire  Underwriters  for  the  Installation  of  Heat  Producing 
Appliances,  Heating,  Ventilating,  Air  Conditioning,  Blower  and  Exhaust  Systems. 

2.  Every  flue-connected  appliance,  except  an  incinerator,  unless  its  construction 
serves  the  same  purpose,  shall  be  equipped  with  an  effective  draft  hood  which 'either 
(a)  has  been  approved  as  part  of  the  appliance  or  (b)  complies  with  nationally  recog- 
nized standards  for  draft  hoods.    The  draft  hood  shall  be  attached  to  the  flue  collar 
of  the  appliance  as  conditions  permit,  and  in  a  position  for  which  it  is  designed  with 
reference  to  horizontal  and  vertical  planes.    The  draft  hood  shall  be  so  located  that 
the  relief  opening  is  not  obstructed  by  any  part  of  the  appliance  or  adjacent  con^ 
struction. 

3.  No  vent  pipe  from  a  gas  appliance  shall  be  interconnected  with  any  other  vent 
pipe,  smoke  pipe,  or  flue,  unless  such  gas  appliance  is  equipped  with  an  automatic 
device  to  prevent  the  escape  of  unburned  gas  at  the  main  burner  or  burners.    Where 
a  gas  appliance  vent  pipe  is  joined  with  a  smoke  pipe  from  an  appliance  burning  some 
other  type  of  fuel,  for  connection  into  a  single  flue  opening,  they  shall  be  joined 
by  a  Y  fitting  located  as  close  as  practicable  to  the  chimney.    With  liquefied  petro- 
leum gases,  the  automatic  device  to  prevent  the  escape  of  unburned  gas  shall  shut 
off  the  pilot  light,  as  well  as  the  main  burner  or  burners. 

GENERAL  CONSIDERATIONS  FOR  CHIMNEYS 

The  draft  of  domestic  chimneys  may  be  subject  to  a  variety  of  influences 
not  usually  encountered  in  power  chimneys12  because  of  the  low  available 
draft  often  supplied  by  a  short  chimney.  Horizontal  winds  have  an 
aspirating  effect  as  they  cross  the  chimney  and  are  an  aid  to  draft.  How1 
ever,  surrounding  objects,  such  as  trees,  or  other  buildings,  may  affect  the 
direction  of  the  wind  at  the  chimney  top,  and  may  even  direct  it  down  the 
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chimney,  tending  to  reduce  the  draft  or  even  to  cause  it  to  change  to  a 
positive  pressure.  i 

It  is  not  to  be  assumed  that  increasing  the  cross-sectional  area  of  a  chim- 
ney will  always  effect  a  cure  for  poor  draft.  The  opposite  result  may  occur 
because  of  the  cooling  effect  of  the  larger  area,  and  the  effect  of  recirculation 
of  the  flue  gases.  The  flow  of  gases  into  the  chimney  top  has  been  observed 
at  low  rates,  and  recirculation  in  small  residential  chimneys  has  been  noted 
throughout  the  entire  length  of  a  chimney  and  smoke  pipe,  with  the  greater 
amount  of  recirculation  occurring  at  the  thimble.  The  effect  of  recircula- 
tion decreases  with  chimney  height  and  the  increase  in  flue-gas  velocity. 
Sometimes  the  only  practical  remedy  for  a  chimney  with  low  draft,  when 
the  chimney  is  of  the 'proper  size  and  is  affected  by  outside  conditions 
beyond  control,  is  to  resort  to  mechanical  draft  or  a  chimney  ventilator. 
Often  this  can  be  done  at  small  expense,  and  for  mechanical  draft  the  ar- 
rangement can  be  such  that  the  fan  or  blower  need  be  operated  only  when 
draft  conditions  are  adverse. 

It  is  also  important  to  consider  the  course  of  the  air  supply  for  proper 
combustion.  The  boiler  or  furnace  is  usually  located  in  the  basement.  In 
the  majority  of  cases,  the,  furnace  room  has  windows  and  doors  opening  to 
the  outside  on  two  or  more  sides  of  the  house.  Through  these  enough  air 
leaks  into  the.  furnace  room  to  sustain  combustion.  In  some  cases,  how- 
ever, windows  and  doors  are  so  tight  as  to  restrict  the  flow  of  combustion 
air  and,  thereby,  affect  the  correct  operation  of  the  chimney.  In  case  the 
boiler  room  is  fairly  tight  and  is  open  to  the  outside  on  only  one  side  of  the 
house,  then  the  draft  will  be  affected  in  windy  weather  even  with  windows 
or  doors  open.  If  the  wind  is  blowing  toward  the  boiler  room  the  draft 
will  be  increased,  but  if  blowing  in  the  opposite  direction  the  draft  may  be 
decreased. 

Two  or  more  chimneys,  either  large  or  small,  should  never  be  connected 
together.  If  connected  at  the  bottom,  hot  gases  in  the  inverted  TJ-tube 
thus  formed  would  be  in  unstable  equilibrium.  Cold  air  from  the  top 
would  descend  through  one  such  chimney  and  drive  the  hot  gases  out  of 
the  other,  thus  annulling  the  draft. 

More  than  one  device  can  be  served  by  one  chimney.  Batteries  of 
boilers  are  commonly  connected  to  a  single  chimney  in  power  plants. 
However,  if  two  or  more  chimneys  are  used,  each  chimney  should  be  used 
separately  for  part  of  the  boilers,  and  not  connected  in  manifold  with  an- 
other chimney,  in  order  to  avoid  the  difficulty  described  previously. 

In  domestic  installations  it  is  sometimes  necessary  to  serve  a  space  heater 
or  cooking  stove  and  a  water  heater  with  the  same  chimney  flue.  This 
is  not  desirable,  especially  for  low  chimneys,  since  doors  left  open  on  one 
device,  while  it  is  unfixed,  will  tend  to  annul  the  draft  on  another  device. 
Gas  burning  devices,  with  their  draft  hoods  and  lack  of  draft  dampers,  are 
especially  bad  in  this  respect.  The  traditional  method  of  avoiding  this 
with  brick  chimneys  has  been  to  construct  multiple-flue  chimneys,  so  that 
each  fuel-burning  device  could  be  served  by  a  separate  opening.  If  two 
devices  must  be  served  by  one  flue-opening  in  a  chimney,  their  connections 
to  the  chimneys  should  not  be  located  opposite  each  other.  The  con- 
nection from  the  larger  device  should  be  reasonably  low  down,  and  that 
from  the  smaller,  up  near  the  ceiling,  so  that  each  device  can  be  serviced 
as  well  as  possible,  regardless  of  the  treatment  of  the  other. 

Excessive  height  in  a  chimney  does  no  harm,  but  means  for  controlling 
the  draft  are  more  than  ordinarily  essential  if  the  chimney  is  too  large  in 
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capacity.  Coal-burning  devices  often  have  air  leaks  around  the  firebox, 
and  the  draft  doors  sometimes  fit  so  poorly  that  the  fire  cannot  be  con- 
trolled at  a  low  rate.  The  simplest  remedy  for  such  cases  is  the  barometric 
damper  which  admits  air  into  the  flue  pipe  and  thus  reduces  draft. 

Where  a  chimney  serves  a  fireplace,  it  is  important  that  no  other  heating 
device  be  connected  to  it  unless  the  fireplace  is  effectively  sealed. 
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CHAPTER  17 

ESTIMATING  FUEL  CONSUMPTION  FOR 
SPACE  HEATING 

Basis  of  Fuel  Estimates,  Calculated  Heat  Loss  Method,  Degree-Day  Method,  Esti- 
mating Fuel  Consumption,  Degree-Day  as  an  Operating  Unit,  Maximum  De- 
mands and  Load  Factors,  Seasonal  Efficiency 

Ti  yCANY  methods  are  in  use  for  estimating  in  advance  of  actual  operation 
1YJL  the  anticipated  heat  or  fuel  consumption  of  heating  plants  over  long 
or  short  periods.  With  suitable  modification  in  procedure  these  same 
general  methods  are  frequently  useful  in  checking  the  degree  of  effectiveness 
with  which  heat  or  fuel  is  utilized  during  plant  operation. 

In  applying  any  of  these  estimating  methods  to  the  consumption  of  a 
particular  building  plant  it  should  be  noted  that  (a)  reliable  records  of 
past  heat  or  fuel  consumptions  of  the  building  under  consideration  will 
usually  produce  more  trustworthy  estimates  of  future  consumptions  than 
will  any  data  obtained  by  averages  or  from  other  similar  buildings;  (6) 
where  no  past  records  exist  useful  data  can  sometimes  be  obtained  from 
records  of  similar  types  of  buildings  with  similar  plants  in  the  same  locality; 
(c)  records  of  consumption,  which  are  averages  from  many  types  of  plants 
in  many  types  of  buildings  in  various  localities,  can  produce  no  better 
than  an  average  estimate  which  may  be  far  from  accurate ;  (d)  estimates 
based  on  computed  heat  losses  without  the  benefit  of  operating  data  are 
wholly  dependent  on  the  degree  to  which  the  computation  represents  the 
actual  facts. 

Estimates  based  on  computed  heat  losses  alone  are  especially  necessary 
where  unusual  operating  conditions,  such  as  excessive  ventilation,  ab- 
normal inside  temperatures,  heat  gains  from  external  sources,  etc.,  are 
encountered  or  where  no  information  is  available  as  to  former  consumption 
as  in  the  case  of  proposed  buildings  of  unusual  design. 

In  preparing,  interpreting  and  evaluating  heat  or  fuel  consumption  es- 
timates it  is  well  to  realize  that  any  estimating  method  used  will  produce 
a  more  reliable  result  over  a  long  period  operation  than  over  a  short  period. 
Nearly  all  of  the  methods  in  common  use  will  give  trustworthy  results  over 
a  full  annual  heating  season,  and  in  some  cases  such  estimates  will  prove 
consistent  within  themselves  for  monthly  periods.  As  the  period  of  the 
estimate  is  shortened  there  is  more  chance  that  some  factor  not  allowed  for 
in  the  estimating  method  will  become  controlling  and  thus  give  discrepant 
and  even  ridiculous  results. 

Of  the  various  estimating  methods  in  use  attention  is  directed  in  this 
discussion  to  but  two  as  they  are  illustrative  of  all,  namely,  (1)  calculated 
heat  loss  method,  and  (2)  degree-day  method. 

CALCULATED  HEAT  LOSS  METHOD 

This  method  is  theoretical  and  constant  temperatures  are  assumed  for 
very  definite  hours  each  day  throughout  the  entire  heating  season.  It  does 
not  take  into  account  factors  which  are  difficult  to  evaluate  such  as  opening 
of  windows,  abnormal  heating  of  the  building,  poor  heating  systems,  winter 
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heat  gains,  such  as  sun  effect,  and  many  others.  In  order  to  apply  this 
method  the  hourly  heat  loss  from  the  building  under  maximum  load,  or 
design  condition,  is  computed  following  the  principles  discussed  in  Chapters 
9  and  10,  and  the  method  described  and  illustrated  in  Chapter  11. 

In  predicting  fuel  consumption  for  heating  a  building  by  the  Calculated 
Heat  Loss  Method,  the  general  equation  is  : 


E(U  - 
where 

F  =  quantity  of  fuel  or  energy  required  (in  the  units  in  which  C  is  expressed)  . 
H  =  calculated  heat  loss,  Btu  per  hour,  during  the  design  hour,  based  on  t0  and 
U 

(  generally  H  =  Ht  +  Hi  but  may  on  occasion  equal  Ht  +  -r-  J. 
t  =  average  inside  temperature  maintained  during  heating  period,  Fahrenheit 


t&  =  average  outside  temperature  through  estimate  period,  Fahrenheit  degrees 

(for  cities  with  an  Oct.  1-May  1  heating  season). 
td  =  inside  design  temperature,  Fahrenheit  degrees  (usually  70  F). 
t0  —  outside  design  temperature,  Fahrenheit  degrees  (see  Table  1  in  Chapter  11). 
N  —  number  of  heating  hours  in  estimate  period  (for  an  Oct.  1-May  1  heating 

season,  212  days  X  24  hr  =  5088). 
E  —  efficiency  of  utilization  of  the  fuel  over  the  period,  expressed  as  a  decimal; 

not  the  efficiency  at  peak  or  rated  load  condition. 
C  =  heating  value  of  one  unit  of  fuel  or  energy. 

Although  the  assumption  of  an  Oct.  1-May  1  heating  season  is  reason- 
ably accurate  in  the  well-populated  New  York-Chicago  zone,  it  is  not 
valid  as  far  north  as  Minneapolis  nor  farther  south  than  Washington, 
D.  C.  and  St.  Louis.  Consequently,  it  is  suggested  that  allowance  be  made 
for  this  variation,  especially  in  the  far  north  or  southern  cities. 

Example  1.  A.  residence  building  is  to  be  heated  to  70  F  from  6  A.M.  to  10  P.M. 
and  55  F  from  10  P.M.  to  6  A.M.  The  calculated  hourly  heat  loss  is  120,000  Btu  per 
hour  based  on  70  F  inside  at  —  10  F  outside.  If  the  building  is  to  be  heated  by  metered 
steam,  how  many  pounds  would  be  required  during  an  average  heating  season? 

Solution.  The  heating  value  of  steam  may  be  taken  as  1000  Btu  per  Ib,  and  since 
it  is  purchased  steam,  the  efficiency  can  be  assumed  as  100  per  cent.  Assume  average 
outside  temperature  as  36.4  F.  The  average  inside  temperature  is  : 

(16  X  70)  +  (8  X  55) 


Substituting  in  Equation  1  : 

„      120,000  (65  -  36.4)  5088 
F=  1.00170  -(-10)]1000 


M  0  rtwr  ,  , 
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Example  %.  How  much  would  the  fuel  cost  to  heat  the  building  in  Example  1  dur- 
ing an  average  heating  season  with  coal  at  $8  per  ton  and  with  a  calorific  value  of 
11,000  Btu  per  Ib,  assuming  that  the  seasonal  efficiency  of  the  plant  was  55  per  cent? 


Solution.    Substituting  in  Equation  1  :  F  -  QQ        I  -  36>079  lb  =, 

18  tons,  which,  at  $8  per  ton,  costs  $144. 
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Example  $.  What  will  be  the  estimated  fuel  cost  per  year  of  heating  a  building 
with  gas,  assuming  that  the  calculated  hourly  heat  loss  is  92,000  Btu  based  on  0  F, 
which  includes  26,000  Btu  for  infiltration?  The  design  temperatures  are  0  F  and  72 
F.  The  normal  heating  season  is  210  days,  and  the  average  outside  temperature 
during  the  heating  season  is  36.4  F.  The  seasonal  efficiency  will  be  75  per  cent.  The 
heating  plant  will  be  thermostatically  controlled,  and  a  temperature  of  55  F  will  be 
maintained  from  11  P.M.  to  7  A.M.  Assume  that  the  price  of  gas  is  7  cents  per  100,000 
Btu  of  fuel  consumption,  and  disregard  the  loss  of  heat  through  open  windows  and 
doors. 

Solution.    The  average  hourly  temperature  is: 

'     <.~(72X16)  +  (55X8)~66^. 

The  maximum  hourly  heat  loss  will  be: 

H  «  92,000 '—  «  79,000  Btu. 

79,000  (66.3  -  36.4)  X  24  X  210 
100,000  X  0.75  X  (72  -  0) 

2204.6  X  $0.07  «  $154.32  =  estimated  fuel  cost  per  year  of  heating  building. 

Several  time-saving  procedures  have  been  devised  for  quickly  esti- 
mating the  hourly  Btu  loss  of  one  and  two-story  residences  in  order  that 
fuel  estimates  can  be  predicted  more  quickly  from  Equation  1.  A  graphi- 
cal method  of  calculating  heat  losses  has  been  developed1  which  makes 
possible  a  quick  solution  if  the  gross  wall,  ceiling,  or  floor  areas  and  respec- 
tive transmission  coefficients  are  known. 

The  Federal  Housing  Administration  has  originated  a  short-cutf ormula 
for  residential  heat  loss  determinations  which  makes  use  of  the  floor  area 
and  three  selected  transmission  coefficients.  The  formula  was  developed 
to  apply  to  detached  houses  approximately  rectangular  in  shape  with 
total  exterior  door  and  window  areas  equal  to  about  25  per  cent  of  the 
floor  area  and  with  a  floor  area  not  greater  than  about  1500  sq  ft.  Equa- 
tion 2  is  for  a  one-story  residence  and  Equation  3  is  intended  for  two-story 
structures. 

Fi  -  A(G  +  U*  +  U,  +  ffO  (fa  -  to)  (2) 

Fs  *  A  (0  -f-  1.2  Uv  +  0.5  U0  -f  0.5  Ud  (fa  -  fa)  (3) 

where 

Hi  =  heat  loss  from  one-story  residence,  Btu  per  hour. 

H^  —  heat  loss  from  two-story  residence,  Btu  per  hour. 

A  =»  floor  area,  square  feet,  measured  to  the  inside  faces  of  enclosing  walls  and 
is  the  sum  of  the  following  areas:  (1)  all  the  area  on  each  principal  floor 
level;  (2)  the  area  of  all  finished  habitable  attic  rooms,  including  bath- 
rooms, toilet  compartments,  closets,  and  halls;  (3)  all  other  areas  intended 
to  be  heated  and  not  located  in  the  basement. 

G  =  glass  and  infiltration  factor  for  ordinary  construction :  (0.45  for  no  weather- 
stripping  or  storm  windows),  (0.40  for  weatherstripping),  (0.30  for  storm 
windows  with  or  without  weatherstripping) . 

Uw  =  coefficient  of  transmission  for  outside  wall. 

U9  —  coefficient  transmission  for  ceiling. 

Ut  =»  coefficient  of  transmission  for  floor. 
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id  •»  inside  design  temperature,  Fahrenheit  degrees. 
U  =*  outside  design  temperature,  Fahrenheit  degrees. 

Notes  for  application  of  Equations  2  and  8. 

1.  The  calculation  of  heat  loss  from  heated  spaces  into  adjacent  spaces  such  as 
attics,  baseinentless  areas,  and  heated  or  unheated  garages  shall  be  based  on  the 
assumption  that  the  temperature  of  such  adjacent  spaces  is  the  same  as  the  outside 
design  temperature. 

2.  For  all  floors  over  basements  or  other  warmed  spaces  assume  27i  «  0. 

3.  For  structures  having  concrete  slab  floors  laid  on  the  ground  a  modified  applica- 
tion of  the  formula  may  be  made.    Assume  Ut  —  0  and  calculate  the  heat  loss  in 
accordance  with  the  check  formula.    Then  add  the  slab  loss  determined  in  accordance 
with  the  procedure  developed  by  the  National  Bureau  of  Standards  and  described  in 
BMS  Report  103. 

4.  No  basement  area  is  to  be  included  in  the  formula  calculation.    If  finished  habit- 
able rooms  in  the  basement  are  to  be  heated,  the  additional  heat  loss  should  be 
calculated  separately  and  added  to  the  amount  obtained  by  the  formula. 

Both  the  graphical  method  and  short-cut  formulas,  when  used  within 
the  limitations  established,  have  been  found  to  give  reasonably  accurate 
results  for  the  average  residence,  but  if  precise  estimates  are  required,  the 
procedure  outlined  in  Chapter  11  should  be  used. 

In  the  case  of  gravity  warm  air  heating  installations,  the  load  was  for- 
merly expressed  in  square  inches  of  leader  pipe  which  can  be  converted  into 
Btu  per  hour  by  multiplying  the  square  inches  of  leader  area  by  111,  167, 
and  200  for  first,  second,  and  third  floors,  respectively. 

Example  4*  What  would  be  the  total  gas  consumption  over  a  full  heating  season 
of  a  gas-fired  gravity  warm  air  furnace  designed  according  to  the  Code2,  and  with 
four  12  in.  and  two  8  in.  round  leaders  to  the  first  floor  and  six  10  in.  leaders  to  the 
second  floor,  if  the  gas  has  a  heating  value  of  500  Btu  per  cu  ft,  the  plant  operates  at 
a  70  per  cent  seasonal  efficiency  and  is  designed  to  maintain  an  average  inside  temper- 
ature of  65  F  when  it  is  10  F  outside  in  a  city  where  the  average  outside  temperature 
is  45  F  and  the  heating  season  is  5088  hr  long? 

Solution.  The  area  of  the  round  leaders  is :  12  in.,  113  sq  in. ;  10  in.,  79  sq  in.;  and 
8  in.,  50  sq  in.  The  total  Btu  transmitted  is : 

First  Floor:  [(4  X  113)  +  (2  X  50)]  X  111  *  61,272  Btu  per  hr. 
Second  Floor:  (6  X  79)  X  167  =  79,158  Btu  per  hr. 

Total     140,430  Btu  per  hr. 
Substituting  this  total  heat  loss  value  as  H  in  Equation  1  gives : 

„      140,430(65  -  45)5088 
F=     0.70(70-10)500 

DEGREE-DAY  METHOD 

This  method  is  based  on  consumption  data  which  have  been  taken  from 
buildings  in  operation,  and  the  results  computed  on  a  degree-day  basis. 
While  this  method  may  not  be  as  theoretically  correct  as  the  Calculated 
Heat  Loss  Method,  it  is  considered  by  many  to  be  of  more  value  for  practi- 
cal use. 

The  amount  of  heat  required  by  a  building  depends  upon  the  outdoor 
temperature,  if  other  variables  are  eliminated.  Theoretically  it  is  pro- 
portional to  the  difference  between  the  outdoor  and  indoor  temperatures. 
The  American  Gas  Association*  determined  from  experiment  in  the  heating 
of  residences  that  the  gas  consumption  varied  directly  as  the  difference 
between  65  F  and  the  mean  outside  temperature.  In  other  words,  on  a 
day  when  the  mean  temperature  was  20  deg  below  65  F,  twice  as  much 
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gas  was  consumed  as  on  a  day  when  the  temperature  was  10  deg  below 
65  F.  For  any  one  day,  when  the  mean  temperature  is  less  than  65  F, 
there  are  as  many  degree-days  as  there  are  degrees  difference  in  tempera- 
ture between  the  mean  temperature  for  the  day  and  65  F.  Degree-days 
may  be  calculated  on  other  than  the  65  F  base  but  are  seldom  used  and 
are  of  little  value  except  where  the  inside  temperature  to  be  maintained  as, 
for  example,  in  warehouses,  differs  greatly  from  the  usual  inside  tempera- 
ture range  of  68  F  to  72  F. 

Table  1  lists  the  average  number  of  degree-days,  which  have  occurred 
over  a  long  period  of  years,  by  months  and  the  yearly  totals  for  various 
cities  in  the  United  States,  Canada  and  Newfoundland.  The  values  for 
United  States  cities  were  calculated  by  taking  the  difference  between  65  F 
and  the  daily  mean  temperature  computed  as  half  the  total  of  the  daily 
maximum  and  the  daily  minimum  temperatures.  The  monthly  averages 
were  obtained  by  adding  daily  degree-days  for  each  month  each  year  and 
dividing  by  the  number  of  days  in  the  month ;  then  totaling  the  respective 
calendar  monthly  averages  for  the  number  of  years  indicated  and  dividing 
by  the  number  of  years.  The  total  or  long  term  yearly  average  degree-day 
value  is  the  summation  of  the  12  monthly  averages.  Degree  days  for 
Canadian  cities  were  supplied  by  the  Canadian  Meteorological  Division 
of  the  Department  of  Transport  and  were  computed  from  the  mean  tem- 
perature normals  on  record  for  the  various  stations. 

Any  attempt  to  apply  the  degree-day  method  of  calculating  fuel  con- 
sumption for  less  than  one  month  would  be  of  very  little  value.  It  should 
be  noted  that  this  method  of  calculation  is  based  on  a  long  term  average 
and  cannot  be  expected  to  coincide  with  any  single  year  in  calculating  fuel 
requirement.  Individual  yearly  degree-day  calculations  will  vary  as  much 
as  20  per  cent  above  and  below  the  long  term  average. 

If  the  degree-days  occurring  each  day  are  totaled  for  a  reasonably  long 
period,  the  fuel  consumption  during  that  period  as  compared  with  another 
period  will  be  in  direct  proportion  to  the  number  of  degree-days  in  the  two 
periods.  Consequently,  for  a  given  installation,  the  fuel  consumption  can 
be  calculated  in  terms  of  fuel  used  per  degree-day  for  any  sufficiently 
long  period  and  compared  with  similar  ratios  for  other  periods  to  determine 
the  relative  operating  efficiencies  with  the  outside  temperature  variable 
eliminated. 

Studies  made  by  the  National  District  Heating  Association*  of  the 
metered  steam  consumption  of  163  buildings  located  in  22  different  cities 
and  served  with  steam  from  a  district  heating  company,  substantiate  the 
fact  that  the  65  F  base  originally  chosen  by  the  gas  industry  is  approxi- 
mately correct. 

Formula  for  Degree-Day  Method 

The  general  equation  for  calculating  the  probable  fuel  consumption  by 
the  degree-day  method  is: 

F  -  U  X  N  X  D  (4) 

where 

F  »  fuel  consumption  for  the  estimate  period. 

U  «  unit  fuel  consumption,  or  quantity  of  fuel  used  per  (degree -day)  (building 

load  unit). 
N  =  number  of  building  load  units  (when  available  use  calculated  hourly  heat 

loss  instead  of  actual  amount  of  radiation  installed) . 
D  am  number  of  degree-days  for  the  estimate  period. 
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TABLE  1.    AVERAGE  MONTHLY  AND  YEARLY  DEGREE-DAYS  FOR  CITIES  IN  THE 
UNITED  STATES,  CANADA  AND  NEWFOUNDLAND  a* b  (BASE  65F) 


State 

Station 

Years 

I^i  0.  Ot 

Sea- 
sons 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Yearly 
Total 

Ala  

Annist  on  

05/06-40/41 

36 

0 

0 

10 

135 

388 

600 

609 

513 

361 

152 

37 

1 

2806 

Birmingham  A 

98/99-45/46 

48 

0 

1 

10 

111 

348 

586 

591 

497 

313 

130 

23 

1 

2611 

Mobile  

98/99-45/46 

48 

0 

0 

1 

44 

203 

377 

397 

314 

175 

52 

3 

0 

1566 

Montgomery  

98/99-45/46 

48 

0 

0 

4 

71 

279 

484 

494 

405 

239 

85 

10 

0 

2071 

Ariz.  

Flagstaff.  

98/99-40/41 

43 

43 

•  70 

244 

573 

847 

1111 

1167 

970 

889 

668 

469 

190 

7241 

Phoenix  -  

98/99-45/46 

48 

0 

0 

0 

18 

166 

384 

402 

263 

154 

47 

7 

0 

1441 

Yuma  

98/99-40/41 

45/46 

44 

0 

0 

0 

9 

113 

306 

318 

182 

85 

22 

1 

0 

1036 

Ark  

Bentonville  

06/07-40/41 

35 

1 

1 

38 

216 

516 

810 

879 

716 

519 

247 

86 

7 

4036 

Fort  Smith  A 

98/99-45/46 

48 

0 

0 

12 

128 

410 

717 

763 

615 

390 

154 

36 

1 

3226 

Little  Rock...  A 

98/99-45/46 

48  . 

0 

0 

11 

120 

383 

668 

704 

579 

367 

145 

31 

1 

3009 

Calif.-. 

Eureka  

98/99-45/46 

48 

281 

269 

274 

344 

411 

518 

541 

478 

504 

440 

391 

307 

4758 

Fresno  A 

98/99-45/46 

48 

0 

0 

5 

77 

309 

562 

573 

380 

289 

152 

52 

4 

2403 

Independence  

98/99-40/41 

43 

0 

0 

28 

216 

512 

778 

799 

619 

477 

267 

120 

18 

3834 

Los  Angeles  

98/99-45/46 

48 

1 

0 

5 

43 

110 

225 

272 

235 

212 

158 

103 

27 

1391 

Needles  

17/18-38/39 

22 

0 

0 

0 

19 

217 

416 

447 

243 

124 

26 

3 

0 

1495 

Point  Reyes™  

98/99-40/41 

43 

350 

336 

263 

282 

317 

425 

467 

406 

437 

413 

415 

363 

4474 

Red  Bluff  A 

98/99-33/34 

38/39-40/41 

44/45-45/46 

41 

0 

0 

12 

97 

345 

592 

601 

419 

328 

178 

72 

9 

2653 

Sacramento  

98/99-45/46 

48 

2 

1 

15 

98 

332 

582 

595 

405 

326 

202 

101 

21 

2680 

San  Diego  A 

98/99-45/46 

48 

5 

1 

9 

60 

143 

252 

300 

257 

230 

172 

118 

49 

1596 

San  Francisco  

98/99-45/46 

48 

196 

179 

121 

139 

241 

420 

460 

340 

317 

272 

255 

197 

3137 

San  Jose  

06/07-40/41 

35 

21 

21 

52 

151 

329 

512 

527 

383 

339 

249 

167 

72 

2823 

Colo.... 

Denver  

98/99-45/46 

48 

8 

8 

126 

411 

716 

1005 

1023 

897 

790 

516 

275 

64 

5839 

Durango  

04/05-40/41 

37 

25 

37 

201 

535 

861 

1204 

1271 

1002 

859 

615 

394 

139 

7143 

Grand  Junction.  

98/99-45/46 

48 

1 

1 

59 

347 

743 

1138 

1218 

88.1 

671 

377 

152 

23 

5613 

Lead  ville  

07/08-40/41 

34 

280 

332 

509 

841 

1139 

1413 

1470 

1285 

1245 

990 

740 

434 

10678 

Pueblo  ..A 

98/99-45/46  ' 

48 

3 

4 

91 

377 

730 

1042 

1042 

875 

724 

446 

195 

29 

5558 

Conn... 

Hartford  A 

04/05-45/46 

42 

3 

16 

105 

370 

692 

1065 

1157 

1062 

859 

524 

213 

47 

6113 

New  Haven.  A 

98/99_45/46 

48 

3 

11 

88 

341 

658 

1017 

1109 

1023 

840 

522 

221 

47 

5880 

D.C.... 

Washington  

98/99-45/46 

48 

0 

2 

42 

251 

553 

872 

928 

834 

624 

340 

101 

14 

4561 

Fla  

Apalachicola  

13/14-45/46 

33 

0 

0 

1 

23 

154 

300 

323 

252 

159 

38 

2 

0 

1252 

Jacksonville.  

98/99-45/46 

48 

0 

0 

0 

25 

144 

294 

302 

244 

131 

42 

3 

0 

1185 

Key  West  

98/99-45/46 

48 

0 

0 

0 

0 

2 

14 

21 

15 

7 

0 

0 

0 

59 

Miami  

11/12-45/46 

35 

0 

0 

0 

0 

15 

41 

53 

45 

28 

3 

0 

•o 

185 

Pensacola  

13/14-45/46 

33 

0 

0 

25 

159 

305 

332 

255 

162 

39 

4 

0 

1281 

Tampa  '.  A 

98/99-45/46 

48 

0 

0 

o 

6 

60 

149 

157 

126 

62 

11 

0 

0 

571 

Ga  

Atlanta  

98/99-45/46 

48 

0 

0 

12 

128 

392 

644 

660 

563 

382 

169 

33 

2 

2985 

Augusta  

98/99-45/46 

48 

0 

0 

4 

85 

312 

529 

S3.* 

448 

274 

107 

13 

1 

2306 

Macon  

99/00-45/46 

47 

0 

0 

5 

91 

322 

532 

538 

449 

278 

108 

14 

1 

2338 

Savannah  A 

98/99-45/46 

48 

0 

0 

1 

45 

206 

390 

395 

332 

194 

66 

6 

0 

1635 

Thomaaville  

05/06-40/41 

36 

0 

0 

2 

48 

208 

361 

359 

299 

178 

52 

5 

1 

1513 

Idaho.. 

Boise  A 

98/99-45/46 

48 

9 

17 

136 

385 

717 

1025 

1077 

840 

688 

440 

252 

92 

5678 

Lewistown  

00/01-32/33 

33 

5 

9 

107 

378 

688 

932 

992 

779 

603 

371 

193 

52 

5109 

Pocatello  

98/99-45/46 

48 

12 

21 

176 

475 

821 

1159 

1224 

1004 

845 

550 

330 

124 

6741 

Ill  

Cairo  —  

98/99-45/46 

48 

0 

0 

26 

181 

493 

823 

878 

748 

512 

232 

60 

4 

3957 

Chicago  

98/99-45/46 

48 

6 

7 

88 

337 

712 

1116 

1218 

1080 

861 

531 

259 

67 

6282 

Peoria  A 

05/06-45/46 

41 

4 

8 

88 

350 

730 

1126 

1231 

1035 

790 

436 

178 

28 

6004 

Springfield  

98/99-45/46 

48 

0 

3 

65 

286 

664 

1056 

1151 

977 

719 

377 

132 

16 

5446 

Ind  

Evans  ville-  A 

98/99-45/46 

48 

0 

1 

35 

211 

544 

888 

948 

822 

582 

288 

85 

6 

4410 

Fort  Wayne  A 

11/12-45/46 

35 

6 

13 

106 

374 

737 

1107 

1211 

1052 

864 

504 

217 

41 

6232 

Indianapo  lis  

98/99-45/46 

48 

1 

4 

66 

297 

660 

1032 

1102 

973 

737 

410 

154 

22 

5458 

Royal  Center  

18/19-31/32 

14 

11 

19 

116 

37o 

740 

1104 

1239 

976 

860 

502 

245 

54 

6239 

Terre  Haute  

12/13-45/46 

34 

0 

3 

62 

270 

627 

993 

1072 

897 

687 

358 

133 

15 

5117 

Iowa.... 

Charles  City  

04/05-45/46 

42 

£ 

24 

164 

480 

906 

1362 

1535 

1281 

995 

552 

255 

62 

7624 

Davenport  .  

98/99-45/46 

48 

2 

6 

91 

344 

748 

1176 

1291 

1111 

835 

448 

171 

29 

6252 

DCS  Moines  

98/99-45/46 

43 

1 

6 

102 

354 

767 

1204 

1320 

1132 

843 

446 

171 

29 

6375 

Dubuque...  
Kockuk  

98/99^5/46 
98/99-41/42 

48 

44 

3 

1 

12 
3 

123 
71 

402 
303 

808 
680 

1249 
1077 

1380 
1191 

1190 
1025 

915 
761 

493 

397 

204 
136 

41 
18 

6820 
5663 

Sioux  City.  A 

98/99-45/46 

48 

3 

11 

128 

402 

844 

1273 

1402 

1206 

909 

485 

202 

40 

6905 

Kan.... 

Concordia.  

98/99-45/46 

48 

1 

3 

68 

288 

670 

1060 

1144 

954 

712 

365 

142 

18 

5425 

Dodge  City.  A 

98/99-45/46 

48 

1 

3 

59 

275 

641. 

998 

1046 

868 

668 

351 

139 

20 

5069 

Jola  

05/06-40/41 

36 

0 

1 

40 

236 

579 

930 

1026 

'817 

599 

282 

98 

8 

4616 

Topeka  

98/99-45/46 

48 

0 

2 

56 

254 

623 

1013 

1096 

917 

659 

326 

116 

13 

5075 

Wichita  A 

98/99^5/46 

48 

0 

1 

41 

221 

576 

947 

1016 

836 

604 

290 

103 

9 

4644 

Ky  

Louisville  

98/99-45/46 

48 

0 

1 

35 

217 

549 

881 

931 

816 

588 

298 

93 

8 

4417 

Lexington  

98/99-40/41 

43 

1 

3 

48 

258 

601 

916 

964 

862 

650 

352 

123 

14 

4792 

La  

New  Orleans  

98/99-45/46 

48 

0 

0 

0 

23 

145 

304 

323 

247 

129 

31 

I 

0 

1203 

Shreveport  A 

98/99-45/46 

48 

0 

0 

4 

71 

275 

506 

531 

415 

241 

79 

10 

0 

2132 

Me  

Eastport  

98/99-45/46 

48 

15S 

146 

271 

528 

827 

1224 

1364 

12J8 

10SO 

778 

530 

301 

8445 

Greenville  

07/08-40/41 

42/43-45/46 

38 

69 

113 

315 

643 

1012 

1464 

1625 

1443 

1251 

842 

46S 

194 

9439 

Portland  A 

98/99-45/46 

48 

28 

48 

182 

466 

794 

1182 

1309  1188 

997 

671 

376; 

136 

7377 

Md..  . 

Baltimore  

4S 

0' 

1 

2>7 

52A 

855 

9211  8*7 

637 

343 

12 

4487 

*  Computed  from  daily  temperatures  recorded  by  United  States  Weather  Bureau  stations  in  cities  over 
a  varied  number  of  seasons  as  indicated  in  the  3rd  and  4th  column  of  the  table.  Degree-day  data  for  airport 
stations  are  not  included  in  this  table.  The  data  for  United  States  cities  were  computed  by  the  United  States 
Weather  Bureau  in  1946  and  1947  in  accordance  with  the  requirements  of  the  National  Joint  Committee  on 
Weather  Statistics.  The  data  for  a  number  of  the  cities  listed  are  based  on  readings  taken  at  more  than  one 
official  city  weather  station  during  the  periods  of  analysis  but  the  slight  difference  in  the  readings  would  not 
appreciably  affect  the  resultant.  Degree-days  for  cities  in  Canada  and  Newfoundland  were  supplied  by  the 
Canadian  Meteorological  Division,  Department  of  Transport  and  were  computed  from  mean  temperature 
normals.  "Indicates  actual  degree  days  for  1947 . 

b  Letter  A  after  station  indicates  city  office  and  airport  records  combined. 
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TABLE  1.   AVERAGE  MONTHLY  AND  YEARLY  DEGREE-DAYS  FOR  CITIES  IN  THE 
UNITED  STATES,  CANADA  AND  NEWFOUNDLAND  a  (CONTINUED) 


State 

Station 

Years 

No.ot 
Sea- 
sons 

July 

Aug. 

Sapt. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Yearly- 
Total 

Mass... 

Boston.  A 

98/99-45/46 

48 

7 

15 

98 

338 

647 

1008 

1108 

1025 

841 

538 

245 

66 

5936 

Fitchburg  

98/9940/41 

43 

12 

29 

144 

432 

774 

1139 

1240 

1137 

940 

572 

254 

70 

6743 

Nantucket  

98/99-45/46 

48 

15 

15 

87 

315 

590 

904 

1010 

967 

866 

619 

366 

121 

5875 

Mich... 

Alpena  *. 

98/99-45/46 

48 

53 

79 

235 

548 

874 

1238 

1388 

1321 

1162 

764 

448 

168 

8278 

Detroit  A 

98/99-45/46 

48 

7 

15 

111 

388 

749 

1124 

1230 

1134 

927 

566 

253 

56 

6560 

Escanaba  

98/99-45/46. 

48 

54 

84 

256 

572 

927 

1329 

1499 

1382 

1219 

808 

477 

170 

8777 

Grand  Rapids  

03/04-45/46 

43 

8 

20 

128 

422 

764 

1136 

1248 

1143 

944 

569 

263 

57 

6702 

Houghton.  

00/01-40/41 

42/43-45/46 

45 

70 

94 

268 

582 

965 

1355 

1535 

1421 

1251 

820 

474 

195 

9030 

Lansing.  

10/11-45/46 

36 

18 

36 

167 

467 

818 

1190 

1306 

1178 

995 

600 

294 

80 

7149 

Ludington  

12/13-40/41 

29 

41 

55 

182 

472 

794 

1135 

1271 

1183 

1056 

-698 

418 

153 

7458 

Marquette  

98/99-45/46 

48 

86 

99 

258 

555 

926 

1306 

1465 

1349 

1193 

794 

494 

220 

8745 

Sault  Ste.  Marie..A 

98/99-45/46 

48 

91 

110 

285 

616 

965 

1379 

1572 

1470 

1291 

826 

487 

215 

9307 

Mnn._ 

Duluth  

98/99-45/46 

48 

80 

97 

292 

631 

1066 

1539 

1714 

1497 

1254 

804 

515 

234 

9723 

Minneapolis  

98/99-45/46 

48 

8 

23 

167 

481 

942 

1415 

1587 

1372 

1072 

577 

260 

62 

7966 

Morehead.  

98/99-40/41 

43 

20 

47 

240 

607 

1105 

1609 

1815 

1555 

1225 

679 

327 

98 

9327 

St.  Paul  

98/99-32/33 

37/38-40/41 

39 

11 

24 

169 

488 

942 

1412 

1589 

1371 

1078 

573 

258 

60 

7975 

Miss  — 

Corinth  .  

09/10-40/41 

32 

0 

1 

13 

142 

418 

669 

696 

570 

396 

149 

32 

1 

3087 

Meridian  

00/01-45/46 

46 

0 

0 

6 

99 

322 

525 

539 

440 

274 

107 

17 

1 

2330 

Vi  cksburg.  

98/99-45/46 

48 

0 

0 

5 

76 

267 

483 

503 

407 

236 

82 

10 

0 

2069 

Mo  

Columbia  _.  ..  . 

98/99-45/46 

43 

0 

3 

62 

266 

621 

1000 

1076 

916 

655 

337 

120 

14 

5070 

Hannibal  '..... 

98/99-40/41 

43 

1 

3 

66 

288 

652 

1037 

1139 

980 

710 

374 

128 

15 

5393 

Kansas  City  A 

98/99-45/46 

48 

0 

2 

51 

239 

598 

993 

1077 

909 

651 

322 

108 

12 

4962 

Saint  Louis  

98/99-45/46 

48 

0 

1 

38 

215 

558 

925 

998 

855 

607 

300 

91 

8 

4596 

Springfield  A 

98/99-45/46 

48 

1 

2 

48 

232 

561 

908 

971 

827 

596 

302 

109 

12 

4569 

Mont... 

Billings  A 

09/10-45/46 

37 

14 

31 

223 

530 

889 

1215 

1310 

1102 

923 

555 

315 

106 

7213 

Havre  

98/99-45/46 

48 

27 

54 

275 

592 

1012 

1376 

1532 

1358 

1102 

614 

341 

133 

8416 

Helena      A 

98/99-45/46 

48 

43 

66 

291 

596 

944 

1252 

1347 

1157 

990 

639 

413 

192 

7930 

KalispeTCZZZ... 

99/00-45/46 

47 

66 

102 

332 

636 

968 

1235 

1339 

1135 

956 

630 

413 

220 

8032 

Miles  City.  A 

98/99-45/46 

48 

7 

20 

188 

510 

918 

1322 

1461 

1267 

997 

545 

275 

81 

7591 

Missoula.  

92/93-45/46 

54 

37 

56 

275 

606 

951 

1235 

1331 

1072 

903 

590 

369 

179 

7604 

Neb.... 

DrexeI.__l~~ZZI 

15/16-25/26 

11 

4 

6 

95 

405 

788 

1271 

1353 

1096 

843 

493 

219 

38 

6611 

Lincoln. 

98/99-45/46 

48 

1 

5 

85 

32"5 

732 

1144 

1242 

1056 

792 

407 

166 

25 

5980 

North  Platte  

98/99-45/46 

48 

4 

9 

131 

410 

799 

1163 

1227 

1039 

846 

480 

227 

49 

6384 

Omaha  A 

98/99-45/46 

48 

1 

4 

84 

324 

744 

1169 

1280 

1088 

810 

410 

157 

24 

6095 

Valentine  

98/99-45/46 

48 

8 

19 

167 

479 

877 

1246 

1349 

1166 

962 

563 

287 

74 

7197 

Nev..... 

Reno  A 

05/06-45/46 

41 

8 

18 

140 

407 

697 

959 

1007 

791 

702 

498 

301 

93 

5621 

Tonopah  

14/15-40/41 

27 

5 

7 

105 

388 

713 

1010 

1075 

870 

749 

522 

236 

82 

5812 

Winnemucca  

98/99-45/46 

48 

10 

23 

188 

494 

801 

1090 

1128 

884 

768 

536 

321 

114 

6357 

K.  H... 

Concord.  A 

03/04-45/46 

43 

18 

49 

189 

497 

823 

1228 

1345 

1213 

993 

637 

308 

100 

7400 

KJ..... 

Atlantic  City.  

98/99-45/46 

48 

1 

2 

39 

247 

546 

867 

946 

887 

750 

485 

208 

37 

5015 

Cape  May  

98/99-31/32 

34 

1 

2 

38 

221 

527 

852 

936 

876 

737 

459 

188 

33 

4870 

Newark  A 

98/99-23/24 

35/36-40/41 

32 

1 

6 

65 

295 

635 

980 

1083 

1002 

794 

448 

162 

29 

5500 

Sandy  Hook  

15/16-40/41 

26 

1 

2 

40 

268 

579 

921 

1016 

973 

833 

499 

206 

31 

5369 

Trenton  

14/15-45/46 

32 

1 

6 

63 

301 

604 

957 

1033 

923 

748 

441 

154 

25 

5256 

N.  M... 

Alb  u  qusrque.  A 

19/2045/46 

27 

0 

0 

27 

258 

646 

913 

955 

708 

592 

322 

91 

5 

4517 

Roswell  

05/06-45/46 

41 

0 

0 

26 

191 

512 

781 

773 

585 

459 

199 

50 

2 

3578 

Sante  Fe.  

98/99-45/46 

43 

12 

15 

129 

451 

772 

1071 

1094 

892 

786 

544 

297 

60 

6123 

K.  Y... 

Albany.....  

98/99-45/46 

48 

4 

15 

117 

411 

753 

1143 

1271 

1169 

948 

551 

220 

46 

664S 

Binghamton  

98/99-45/46 

48 

15 

37 

148 

448 

767 

1137 

1236 

1155 

950 

584 

267 

74 

6818 

Buffalo  A 

98/99-45/46 

48 

15 

24 

126 

413 

745 

1110 

1226 

1165 

995 

668 

348 

90 

6925 

Canton  

06/07-45/46 

40 

27 

61 

219 

550 

898 

1368 

1516 

1385 

1139 

695 

340 

107' 

8305 

Ithaca 

99/00-42/43 

44 

17 

40 

156 

451 

770 

1129 

1236 

1156 

978 

606 

292 

83 

6914 

New  York  

98/99-45/46 

48 

1 

4 

50 

272 

594 

940 

1028 

953 

771 

465 

172 

30 

5280 

Oswego.....  

98/99-45/46 

48 

20 

33 

147 

440 

762 

1151 

1275 

1188 

1015 

665 

366 

124 

7186 

Rochester—  LL-A 

98/99-45/46 

48 

10 

26 

132 

423 

751 

1123 

1227 

1155 

967 

605 

282 

71 

6772 

Syracuse  A 

03/04-45/46 

43 

13 

32 

146 

437 

760 

1147 

1255 

1167 

972 

611 

283 

76 

6899 

N.CL-. 

Ashville  ,  

02/03-45/46 

44 

2 

3 

49 

279 

565 

800 

817 

719 

558 

315 

114 

15 

4236 

Charlotte  

98/99-45/46 

48 

0 

1 

17 

148 

420 

684 

700 

600 

413 

198 

39 

4 

3224 

Hatteras.  

98/99-45/46 

48 

0 

0 

1 

61 

273 

500 

570 

530 

391 

193 

34 

1 

2554- 

Manteo 

04/05-28/29 

25 

0 

0 

7 

113 

358 

595 

642 

594 

469 

249 

75 

7 

3109 

RaleighZZZZ"" 

98/99-45/46 

48 

0 

1 

17 

153 

415 

681 

702 

615 

429 

210 

46 

6 

3275 

Wilmington.,-™  

98/99-45/46 

48 

0 

0 

5 

90 

306 

520 

531 

479 

320 

144 

24 

1 

2420 

N.  D... 

Bismarck..  

98/99-45/46 

48 

21 

44 

244 

595 

1057 

1520 

1704 

1479 

1181 

643 

340 

109 

8937 

Devils  Lake,  

04/05-45/46 

42 

42 

76 

295 

687 

1186 

1676 

1906 

1615 

1313 

752 

411 

145 

10104 

Grand  Forks  

12/13-40/41 

42/43-45/46 

33 

32 

60 

274 

663 

1160 

1681 

1895 

1603 

1298 

718 

359 

123 

9871 

Williston,  .•„ 

98/99-45/46 

48 

28 

61 

285 

637 

1104 

1545 

1733 

1513 

1226 

671 

368 

130 

9301 

Ohio  — 

Cincinnati  

98/99-45/46 

48 

1 

3 

53 

273 

611 

960 

1008 

898 

668 

369 

130 

16 

4990 

Cleveland.  

98/9945/46 

48 

7 

14 

93 

354 

684 

1045 

1143 

1067 

876 

553 

252 

56 

6144 

Columbus  

98/9945/46 

48 

2 

6 

68 

314 

670 

1019 

1081 

975 

749 

432 

165 

25 

5506 

Dayton..-  ....... 

11/1242/43 

45/46 

33 

2 

6 

71 

309 

660 

992 

1079 

939 

752 

416 

163 

23 

5412 

Sandusky  . 

98/9945/46 

48 

3 

8 

82 

347 

695 

1067 

1155 

1066 

862 

536 

232 

42 

6095 

Toledo  ZZ.1 

98/9945/46 

48 

5 

13 

100 

370 

718 

1097 

1189 

1083 

887 

533 

227 

47 

6269 

Okla_ 

Broken  Arrow.  

18/19-30/31 

13 

0 

0 

28 

169 

513- 

•805 

881 

646 

506 

212 

61 

5 

3826 

Oklahoma  City  

98/9945/46 

48 

0 

0 

22 

153 

455 

79,2 

846 

684 

457 

200 

58 

3 

3670 

Ore..-,.. 

Baker 

98/9945/46 

48 

54 

72 

259 

534 

848 

1161 

1222 

984 

827 

601 

418 

217 

7197 

Medford.  A 

11/1240/41 

45/46 

31 

7 

10 

99 

345 

632 

837 

844 

636 

556 

387 

223 

74 

4650 

Portland.  

98/9945/46 

48 

27 

28 

106 

292 

538 

725 

775 

616 

533 

368 

237 

108 

4353 

Roseburg.....  .  

98/9945/46 

48 

23 

26 

116 

316 

541 

714 

730 

582 

530 

386 

257 

111 

4332 

406 
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TABLE  1.   AVERAGE  MONTHLY  AND  YEARLY  DEGREE-DAYS  FOR  CITIES  IN  THE 
UNITED  STATES,  CANADA  AND  NEWFOUNDLAND  a  (CONCLUDED) 


State 

Station 

Years 

No.  of 
Sea- 
sons 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Yearly 
Total 

T».  
R.  I..... 

s,  a_ 

S.  D.-- 
Tean... 
Texas.. 

Utah.... 
Vt  
Va....... 

Wash... 

W.  Va. 
Wis..... 

Wyo_ 

Harrisburg  A 
Philadelphia.  
Pittsburgh  ,-  
Reading  v  
Scranton.—  
Block  Island  
Narragansett  Pier.. 
Providence.-,....;  
Charleston  
Columbia..  
Due  West  
Greenville  A 
Huron,-.  .  .  

98/99-45/46 
98/99-45/46 
98/99-45/46 
98/99-45/46 
12/13-45/46 
00/01-45/46 
98/99-45/46 
98/99-17/18 
04/05-45/46 
98/99-45/46 
98/99-45/46 
21/22-31/32 
17/18-45/46 
98/99-45/46 
98/99-40/41 
42/43-45/46 
98/99-45/46 
98/99-45/46 
98/99-45/46 
98/99-45/46 
98/99-45/46 
98/99-45/46 
98/9945/46 
26/27-45/46 
08/09-45/46 
98/99-45/46 
13/14-45/46 
05/06-45/46 
98/9945/46 
98/9945/46 
98/9945/46 
09/1045/46 
98/9945/46 
17/1845/46 
98/9945/46 
01/02-40/41 
00/0145/46 
98/9945/46 
06/0745/46 
98/9942/43 
98/9945/46 
98/9945/46 
98/9945/46 
98/9945/46 
02/0340/41 
02/0345/46 
98/9945/46 
98/9945/46 
98/9945/46 
98/9945/46 
98/9945/46     . 
09/1045/46 
98/9945/46 
98/9945/46 
98/9940/41 
98/9945/46 
04/05-45/46 
98/9945/46 
15/1640/41 
98/9945/46 
98/9945/46 
04/0540/41 

48 
48 
48 
48 
34 
46 
48 
20 
42 
48 
48 
11 
29' 
48 

47 
48 
48 
48 
48 
48 
48 
48 
20 
38 
48 
33 
41 
48 
48 
48 
37 
48 
29 
48 
40 
46 
48 
40 
45 
48 
48 
48 
48 
39 
44 
48 
48 
48 
48 
48 
37 
48 
48 
48 
48 
42 
48 
26 
48 
48 
37 

8 
1 
0 
3 
1 
6 
10 
1 
6 
0 
0 
0 
0 
10 

4 
15 
0 
0 
0 
0 
0 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
3 
23 
62 
0 
1 
0 
0 
7 
251 
67 
20 
71 
301 
5 
8 
15 
1 
17 
7 
8 
13 
26 
40 
27 
125 

17 
6 
2 
7 
5 
22 
11 
26 
16 
0 
0 
0 
1 
20 

11 
28 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11 

5 
51 
112 
0 
2 
0 
1 
13 
229 
69 
37 
75 
295 
10 
17 
23 
3 
38 
22 
20 
17 
58 
46 
43 
173 

101 
67 
36 
69 
69 
117 
79 
121 
101 
1 
6 
9 
13 
159 

136 
192 
13 
20 
14 
20 
10 
42 
2 
0 
0 
6 
2 
6 
5 
0 
1 
4 
1 
1 
2 
156 
98 
209 
283 
7 
37 
9 
27 
82 
255 
170 
184 
190 
325 
90 
124 
115 
56 
179 
157 
145 
124 
216 
251 
265 
424 

367 
314 
235 
322 
301 
400 
313 
366 
358 
47 
95 
142 
127 
502 

438 
495 
150 
189 
126 
170 
96 
221 
31 
8 
11 
70 
35 
88 
79 
14 
27 
€7 
27 
31 
56 
499 
371 
530 
602 
12S 
230 
129 
1% 
352 
350 
365 
480 
390 
421 
315 
395 
403 
286 
494 
454 
452 
411 
568 
587 
623 
759 

692 
637 
544 
651 
606 
717 
596 
691 
668 
225 
327 
393 
410 
962 

887 
842 
432 
498 
387 
469 
332 
548 
227 
65 
102 
293 
203 
366 
285 
123 
160 
261 
177 
171 
234 
832 
712 
870 
947 
398 
521 
392 
486 
662 
491 
554 
817 
581 
534 
662 
778 
722 
617 
889 
864 
857 
786 
982 
876 
1021 
1079 

1049 
990 
884 
982 
957 
1074 
919 
1012 
1020 
428 
560 
594 
650 
1409 

1317 
1178 
691 
756 
670 
748 
603 
854 
410 
176 
255 
574 
413 
615 
553 
290 
331 
496 
328 
366 
462 
1142 
1033 
1313 
1389 
676 
799 
668 
780 
916 
642 
704 
1061 
737 
654 
910 
1050 
1003 
930 
1329 
1339 
1296 
1203 
1427 
1144 
1400 
1386 

1159 
1073 
962 
1042 
1038 
1162 
1030 
1113 
1106 
452 
568 
651 
684 
1572 

1460 
1280 
711 
774 
716 
788 
619 
861 
458 
191 
282 
600 
413 
615 
586 
334 
361 
512 
375 
390 
494 
1190 
1093 
1467 
1524 
731 
829 
712 
814 
945 
697 
759 
1139 
786 
716 
981 
1125 
1033 
977 
1493 
1492 
1451 
1329 
1594 
1187 
1427 
1464 

1105 
973 
881 
964 
929 
1071 
984 
1074 
1027 
384 
482 
491 
551 
1353 

1253 
1140 
604 
666 
600 
675 
483 
719 
315 
111 
204 
437 
262 
432 
463 
255 
247 
401 
254 
287 
375 
944 
871 
1338 
1384 
682 
732 
650 
722 
836 
597 
637 
931 
658 
627 
770 
837 
947 
882 
1329 
1281 
1246 
1177 
1381 
1064 
1197 
1252 

922 

757 
685 
751 
736 
862 
875 
916 
847 
239 
305 
411 
403 
1039 

971 
981 
412 
470 
386 
467 
296 
546 
185 
65 
93 
281 
139 
291 
270 
130 
150 
236 
151 
148 
214 
816 
716 
1111 
1176 
526 
537 
483 
538 
677 
610 
595 
756 
612 
643 
571 
624 
763 
660 
1087 
990 
1002 
959 
1147 
996 
1006 
1165 

591 
425 
378 
444 

423 
523 
618 
622 
538 
83 
126 
158 
179 
573 

516 

598 
185 
226 
157 
218 
110 
284 
46 
11 
17 
91 
31 
104 
97 
27 
36 
80 
37 
37 
64 
567 
446 
694 
754 
301 
287 
254 
278 
410 
S05 
436 
490 
455 
537 
354 
374 
489 
369 
658 
531 
588 
617 
680 
720 
669 
841 

284 
146 
115 
166 
144 
213 
354 
342 
237 
7 
18 
39 
40 
271 

238 
339 
39 
56 
33 
55 
23 
107 
5 
1 
1 
15 
3 
14 
16 
1 
2 
11 
2 
4 
8 
338 
236 
339 
405 
86 
81 
62 
72 
168 
428 
299 
285 
313 
454 
186 
193 
229 
129 
327 
232 
274 
341 
315 
460 
410 
603 

68 
23 
17 
29 
23 
51 
108 
113 
60 
0 
1 
2 
1 
70 

52 
109 
1 
3 
1 
3 
1 
11 
0 
0 
0 
0 
0 

1 
1 

0 
0 
0 
0 
0 
0 
97 
66 
106 
166 
6 
12 
5 
8 
35 
312 
160 
118 
171 
350 
56 
60 
58 
18 
91 
52 
66 
1C2 
100 
165 
155 
334 

6365 
5412 
4739 
5430 
5232 
6218 
5897 
6397 
5984 
1866 
2488 
2890 
3059 
7940 

7283 
7197 
3238 
3658 
3090 
3613 
2573 
4196 
1679 
628 
965 
2367 
1501 
2532 
2355 
1174 
1315 
2068 
1352 
1435 
1909 
6598 
5650 
8051 
8804 
3535 
406* 
3364 
3922 
5103 
5367 
4815 
6318 
5039 
5857 
4910 
5585 
5800 
4928 
7931 
7421 
7405 
7079 
8494 
7536 
8243 
9605 

Pierre  

Rapid  City.  
Chattanooga  
Knorville  A 
Memphis.,  A 
Nashville  
Abilene.  A 
Amarillo.  A 

Brownsville  A 
Corpus  dristi.  
Dallas  «A 

El  Fteo!ZHZr.  A 
Fort  Worth  A 
Garveston.  
Houston  
Palestine  
Point  Arthur  
San  Antonio  A 
Taylor.  
Modena  
Salt  Lake  City.  
Burlington    . 
Northfield  ! 
Cape  Henry.  
Lynchburg  A 
Norfolk  
Richmond  .-.. 
WytheviUe.......""..'. 
North  Head  
Seattle  :  
Spokane.  A 
Tacoma  
Tatoosh  Island  
Walla  Walla.  

Elkins  .A 

Parkeraburg...,.  
Green  Bay  
La  Crosse.  
Madison.  
Milwaukee  .  
Wausau  ,. 
Cheyenne  —  ,  A 
Lander..  „.„  .,  
Yellowstone  Park.". 

Alta.^ 
B.C._ 

Man_ 
N.B.._ 

N.S_ 
Out,,.-. 

£%r~ 
P.Q.,_ 

Sask_ 
Y.  T..». 

Calgary..-..^:  

Vancouver  
Victoria  



108 
70 
43 
155 
282 
350 
27* 
8* 
124 
12 
62 
3* 
34* 
29* 
16 
19* 
5* 
7* 
17* 
16* 
167 

167 
167 
65 
158 
229 
391 
34 
56 
112 
12 
155 
9* 
11* 
22* 
35 
5* 
57* 
20* 
43 
68 
322 

432 
441 
234 
264 
342 
696 
330 
282 
270 
189 
354 
108 
126 
204 
168 
54 
222 
180 
276 
396 
687 

722 
750 
459 
446 
546 
1187 
744 
595 
558 
493 
722 
471 
508 
595 
504 
425 
539 
561 
651 
781 
1209 

1122 
1224 
657 
462 
702 
1773 
1302 
936 
870 
783 
1143 
816 
843 
984 
817 
795 
858 
948 
1050 
1305 
1908 

1426 
1593 
818 
738 
893 
2356 
1829 
1373 
1271 
1141 
1596 
1178 
1200 
1494 
1155 
1172 
1246 
1407 
1534 
1-767 
2440 

1609 
1810 
893 
815 
933 
2604 
2111 
1528 
1417 
1280 
1807 
1305 
1336 
1646 
1304 
1283 
1463 
1587 
1696 
2027 
2666 

1355 
1504 
736 
689 
804 
2288 
1775 
1392 
1266 
1168 
1582 
1187 
1240 
1459 
1206 
1148 
1338 
1392 
1481 
1635 
2159 

1215 
1299 
682 
651 
809 
2204 
1531 
1190 
1132 
1065 
1386 
1063 
1073 
1256 
1072 
995 
1203 
1209 
1311 
1445 
1879 

750 
777 
498 
504 
645 
1530 
822 
798 
792 
768 
888 
651 
642 
726 
669 
582 
858 
702 
849 
725 
1092 

480 
428 
326 
366 
521 
1097 
397 
474 
505 
493 
567 
322 
307 
310 
341 
251 
536 
298 
428 
397 
580 

264 
222 
162 
2^7 
357 
672 
78 
180 
261 
210 
234 
6 
105 
91 
87 
73 
213 
88 
102 
138 
246 

9,650 
10,285 
5,573 
5,485 
7,063 
17,148 
10,980 
8,812 
8,578 
7,614 
10,496 
7,1  10 
7,425 
8,816 
7,374 
6,802 
8,538 
8,399 
9,43* 
10,700 
15,355 





Prince  Rupert  
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London. 
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Values  of  N  depend  on  the  particular  building  for  which  the  estimate  is 
being  prepared  and  must  be  found  by  surveying  plans,  by  observation,  or 
by  measurement  of  the  building.  Values  of  U  for  use  in  this  equation  are 
the  unit  fuel  consumptions  per  degree-day  and  are  obtained  as  a  result 
of  the  collection  of  operating  information.  Certain  of  this  information  is 
presented  later,  but  before  referring  to  these  data  attention  is  directed  to 
the  nature  of  the  unit. 

Unit  Fuel  Consumptions  per  Degree-Day 

The  quantity  of  fuel  used  per  degree-day  in  a  given  heating  plant  can  be 
reduced  to  a  unit  basis  in  terms  of  quantity  of  fuel  or  steam  per  degree-day 
per  square  foot  of  radiation,  cubic  foot  of  heated  building  space,  or  thousand 
Btu  hourly  heat  loss  at  design  conditions.  A  less  frequently  used  basis 
is  quantity  of  fuel  per  (degree-day)  (square  foot  of  floor  area).  In  fact 
any  convenient  unit  can  be  used  to  relate  the  consumption  to  the  degree-day 
and  to  the  building. 

The  choice  of  these  units  requires  explanation,  and  some  discrimination 
and  judgment.  If  the  volume  basis  is  used,  the  net  heated  space  is  prefer- 
able to  the  gross  building  cubage  since  gross  cubage  includes  outer  walls 
and  certain  portions  of  attic  and  basement  space  which  are  usually  un- 
heated.  In  the  absence  of  data  on  net  heated  volume  a  figure  of  80  per 
cent  of  the  gross  volume  may  be  used  to  obtain  the  estimated  net  heated 
volume.  The  volume  basis  has  been  rather  widely  used  primarily  because 
of  its  facility  hi  application.  In  industrial  buildings  it  is  usually  easier  to 
obtain  the  correct  volume  of  a  given  building  than  to  measure  and  evaluate 
the  heating  capacity  of  its  heating  system  or  calculate  its  maximum  hourly 
Btu  loss.  The  comparison  of  buildings  on  a  straight  volume  basis  does  not 
allow  for  variation  in  exposure,  type  of  construction,  ratio  of  exposed  area 
to  cubical  contents,  and  type  of  occupancy.  It  is  considered  inaccurate 
for  purposes  of  estimating  fuel  consumption  unless  the  buildings  are  of  very- 
similar  nature. 

The  calculated  heat  loss  or  its  equivalent  square  feet  of  calculated  radia- 
tor surface  may  be  used  as  the  unit.  The  use  of  the  unit  equivalent  direct 
radiation  is  of  questionable  value  when  referring  to  heat  transfer  surfaces 
used  in  warm  air  furnace  or  central  air  conditioning  systems.  Where  steam 
or  hot  water  radiation  is  already  installed,  care  should  be  exercised  in  using 
the  unit  equivalent  direct  radiation  basis  for  estimating,  since  actual  in- 
stalled radiation  may  differ  considerably  from  the  exact  radiation  require- 
ments. In  view  of  all  these  considerations  it  is  believed  that  the  unit  based 
on  thousands  of  Btu  of  hourly  calculated  heat  loss  for  the  design  hour  is  prob- 
ably the  most  desirable,  although  the  one  most  widely  used  seems  to  be 
units  of  fuel  per  degree-day  per  square  foot  of  equivalent  direct  radiator  surface. 
The  equivalent  heating  load  for  the  hot  water  supply  is  not  included  in  the 
latter  unit,  but  it  generally  includes  the  piping  load. 

Since  this  unit  is  the  one  most  widely  used  at  present  the  unit  fuel  con- 
sumptions given  in  succeeding  paragraphs  of  this  chapter  make  use  of  this 
unit  to  a  considerable  extent,  although  it  should  be  understood  that  most  of 
these  units  of  consumption  can  be  transposed  as  desired. 

Estimating  Gas  Consumption 

Values  of  the  Unit  Fuel  Consumption  Constant  ( U}  for  gas  are  given  in 
Table  2  for  various  gas  heating  values,  and  different  types  and  sizes  of 
heating  plants.  They  are  based  on  an  inside  design  temperature  of  70  F 
and  an  outside  design  temperature  of  0  F,  and  apply  only  to  these  condi- 
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The  correction  factor  for  —20  F  outside  design  temperature  from  Table  5  is  0,778. 
Solving,  0.778  X  0.00476  »  0.00370.  Making  a  further  correction  for  the  heating 
value: 

14/1  AAA 

0.0037  X  -  0-0036  gal  per  1000  Btu  per  hr  calculated  heat  loss  per  degree- 


day. 

From  Table  1,  the  normal  degree-days  for  Minneapolis  are  7966.  Since  U  is  ex- 
pressed in  1000  Btu,  N  is  equal  to  192.  Substituting  in  Equation  4: 

F  »  0.0036  X  7966  X  192  »  5506  gal. 

Estimating  Coal  or  Coke  Consumption 

Coal  or  coke  consumption  estimates  are  made  by  following  exactly  the 
same  procedure  as  for  oil.  Values  of  U  are  given  in  Table  4  which,  only 
apply  to  an  inside  design  temperature  of  70  F  and  an  outside  design  tem- 
perature of  0  F.  A  correction  must  be  made  for  other  conditions  by  use  of 
the  multiplying  factors  in  Table  5.  Data  in  Table  4  are  based  on  12,000 
Btu  per  Ib  coal,  and  for  other  heating  values  of  coal  they  must  be  multiplied 
by  the  ratio  of  12,000  divided  by  the  heating  value  of  fuel  used. 

Example  7.  A  building  in  Marquette,  Mich.,  has  an  hourly  heat  loss  at  design 
conditions  of  240,000  Btu  per  hr.  Based  on  an  inside  design  temperature  of  70  F  and 
an  outside  design  temperature  of  —20  F,  what  will  be  the  estimated  normal  seasonal 
coal  consumption  for  heating  if  12,000  Btu  per  Ib  fuel  is  burned  at  a  50  per  cent  sea- 
sonal efficiency,  and  what  part  of  the  total  will  be  used  during  November,  December, 
and  January? 

Solution.  From  Table  4,  U  is  0,0666  Ib  of  coal  per  1000  Btu  per  hr  heat  loss.  Cor- 
recting for  the  outside  design  temperature  of  —20  F  from  Table  5,  the  value  of  U  is 
0,778  X  0.0666  -  0.0518.  From  Table  1,  D  is  8745  and  from  the  problem,  N  is  240. 

Substituting  in  Equation  4: 

F  -  0.0518  X  240  X  8745  =  108,718  Ib. 

Fuel  used  over  any  period  is,  according  to  the  theory  of  the  degree-day,  proportional 
to  the  number  of  degree-days  during  the  period.  From  Table  1,  the  average  number 
of  degree-days  for  November,  December,  and  January  in  Marquette  are  926,  1306, 
and  1465,  a  total  of  3697.  t  The  yearly  total  is  8745,  so  that  during  these  three  months 
the  estimated  consumption  is  : 


~  X  108,718  -  45,961  Ib. 


Estimating  Steam  Consumption 

In  estimating  steam  consumption  the  efficiency  is  generally  assumed  at 
100  per  cent.  If  for  low  pressure  steam  an  average  heating  value  of  1000 
Btu  per  pound  of  steam  is  used,  no  correction  is  necessary.  In  comparing 
values  from  different  cities,  correction  should  be  made  for  design  tempera- 
ture (see  Table  5)  when  the  unit  figures  are  in  terms  of  square  feet  of  radia- 
tion, but  not  when  the  values  are  in  tetms  of  building  volume  or  floor  space. 

Where  the  heat  loss  is  calculated  in  Btu  per  (hour)  (degree  difference  in 
temperature)  the  simple  Equation  5  may  be  used  : 


H  X  24  X  D 

F 


where 


F  **  pounds  of  steam  required  for  estimate  period. 
H  «  calculated  heat  loss,  Btu  per  (hour)  (degree  difference)  . 
D  =  number  of  degree-days  for  the  period  of  estimation. 
1000  »  Btu  delivered  per  pound  of  steam  condensed. 
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In  this  method  the  number  of  degree-days  automatically  takes  care  of 
average  inside  and  outside  temperature  difference.  When  degree-days  are 
taken  from  Table  1,  an  average  inside  temperature  of  approximately  65  F 
is  assumed  throughout  the  period.  If  an  average  inside  temperature  other 
than  approximately  65  F  is  to  be  used,  the  number  of  degree-days  should  be 
obtained  for  the  new  base. 

Example  8.  An  eight-story  building  in  Pittsburgh  maintains  daytime  temper* 
atures  of  70  F  but  allows  night  temperature  to  drop  to  not  lower  than  60  F.  Its  cal  cu- 
lated  heat  loss  is  10,500  Btu  per  (hr)  (degree  temperature  difference).  What  is  the 
estimated  average  yearly  steam  consumption  for  building  heating? 

Solution.  Since  the  average  inside  temperature  is  approximately  65  F,  the  degree- 
days  from  Table  1,  based  on  65  F  may  be  used.  Therefore,  from  Table  1,  Pittsburgh 
has  5430  degree-days  per  normal  season.  Inserting  in  Equation  5: 


10,500X24X5435 
1000 


1,368,360  Ib  of  steam. 


TABLE  6.    STEAM  CONSUMPTION  OP  BUILDINGS  WITH  VARIOUS  TYPES  or  OCCUPANCY* 


TYPE  OF  BUILDING 

No. 
BLDGS. 

AVERAGE 
VOLUME 
HEATBI> 
SPACE 
1000  Cu  FT 

STEAM  FOR 
HEATING 

AVERAGE 
HOURS  OF 
OCCUPANCY 

Lb  per  DD 
per  1000 
CuFt 

Office  

334 
49 
8 
7 
26 
16 
63 
73 
63 
24 
73 
51 
22 
13 
19 
9 
4 
8 
15 
12 
7 

2160 
3000 
1895 
4950 
1615 
806 
3400 
310 
865 
2230 
1795 
1425 
1240 
1540 
1350 
656 
3306 
1115 
3215 
880 
1387 

0.685 
0.577 
1.230 
0.412 
0.617 
0.786 
0.385 
0.624 
0.588 
0.459 
0.990 
0.962 
0.482 
0.202 
0.808 
0.532 
1.194 
0,592 
0.587 
0.390 
0.479 

12.1 
13.1 

17.7 
12.9 
13.2 
11.7 
11.1 
10.4 
10.0 
9,4 
22,3 
21.8 
12.9 
21.4 
9.5 
7.9 
22.0 
11.5 
15.6 
12.4 
2L4 

Office  and  Bank.  

Office  and  Printing  ..  .  
Office  and  Theater.  .  
Office  and  Stores  or  Shops  
Bank  

Department  Store  

Stores  —     —  .  ..........—..—  ............. 
Loft    

Warehouse  
Hotel  and  Club  

Apartment  or  Residence.  
Theater  
Garage.  .  .  .....  

Manufacturing  .  ..........  . 
Church     

Hospital  ....  .  .  .  
School     *   t  ...................  ..  

Municipal  or  Federal  ................ 
Lodge,  Gym,  Hall  or  Auditorium  
Miscellaneous..  .  .  ............  ....  ...... 

*  Principles  of  Economical  Heating,  National  Association  of  Building  Owners  and  Managers. 

Consideration  has  been  given  to  the  difference  in  steam  utilization  of 
different  types  of  buildings  and  Table  6  shows  actual  average  units  for 
these  various  types.  These  figures  were  obtained  from  operating  results 
in  896  buildings  located  in  all  sections  of  the  United  States.  Being  aver- 
ages, and  for  small  groups  in  each  type,  the  figures  may  need  considerable 
modification  to  allow  for  local  variations.  It  should  be  especially  noted 
that  the  steam  used  for  heating  hot  water  is  not  included  in  the  values 
given  in  Table  6. 

Example  9.  A  store  in  Philadelphia  with  a  heating  system  designed  to  maintain 
70  F  inside  in  0  F  weather  has  250,000  cu  ft  of  heated  space.  What  would  be  the  esti- 
mated average  yearly  steam  consumption  of  purchased  steam  for  heating? 
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Solution.  According  to  Table  6,  a  store  would  use  0.624  Ib  of  steam  per  degree-day 
per  1000  cu  ft  heated  space.  From  Table  1,  PMIadelphia  has  4739  degree-days  per 
normal  year.  Inserting  in  Equation  4: 

F  =  0.624  X  250  X  4739  =  739,284  Ib  of  steam. 

Degree-Day  as  an  Operating  Unit 

The  degree-day  is  also  widely  used  as  a  means  of  comparing  the  efficiency 
of  the  fuel  consumption  of  one  period  with  another  for  the  same  building. 
Since  the  fuel  consumption  is  proportional  to  the  weather  (degree-days), 
and  since  the  periods  to  be  compared  may  not  have  the  same  weather  con- 
ditions, the  comparison  can  be  made  only  after  the  fuel  consumptions  have 
been  computed  on  a  comparable  weather  basis,  that  is,  upon  the  actual 
number  of  degree-days  occurring  for  a  given  month  and  year  in  the  city 
under  consideration.  Since  fuel  consumption  is  proportional  to  the  number 
of  degree-days,  plant  operators  frequently  compute  each  month  the  fuel 
burned  per  degree-day  by  the  heating  plant.  The  resulting  unit  figure, 
by  eliminating  the  outside  temperature  variable,  indicates  whether  the 
operating  efficiency  of  the  plant  is  above  or  below  the  previous  month  or  year. 

The  figures  in  Table  7  illustrate  a  typical  example  of  a  method  of  using 
the  degree-day  for  making  heating  comparisons  for  one  building  for  two 
consecutive  heating  seasons.  The  heat  quantity  figures  inserted  are  pounds 
of  steam,  but  a  similar  comparison  could  be  made  using  pounds  of  coal, 
gallons  of  oil,  or  cubic  feet  of  gas. 

For  such  a  comparison,  a  two-year  record  is  often  used,  as  shown  in  Table 
7.  The  year  under  consideration  may  then  be  compared,  month  by  month, 
with  the  previous  year.  Column  33  Consumption  for  Heating,  would  be 
used  if  the  same  fuel  is  used  for  heating  and  process  steam.  Some  reason- 
able figure  must  be  assumed  for  the  process  requirement  and  should  be 
deducted  from  the  amount  shown  in  column  2.  This  would  leave  in  column 

TABLE  7.    HEAT  CONSUMPTION  RECORD  FOB  COMPARISON 


COL.  1 

COL.  2 

COL.  3 

COL.  4 

COL.  5 

COL  6 

COL.  7 

TOTAL 

CONSUMPTION 

CONSUMPTION 
FOR  HEATING 

AVG 

MEAN 
TEMP. 

DEC  DAYS 

65  F 
BASE 

LB/DEG 
DAY 

LB/DEG 
DAY/ 
M  Cu  FT 

J5 

co 

1 

Sept  

Nov.7  Z] 
Dec  

Jan. 
Feb,  _    ., 
Mar, 

337,500 
834,200 
1,446,600 
2,176,400 
2,332,200 
2,131,100 
2,021,900 

170,500 
667,200 
1,279,600 
2,009,400 
2,165,200 
1,964,100 
1  854  900 

65. 
53, 
44 
25 
22 
28 
31 

146 
339 
641 
1,233 
1,297 
1,106 
1  032 

1,170 
1,966 
1,990 
1,630 
1,670 
1,775 
1  799 

0.575 
0.970 
0.982 
0.804 
0.822 
0,888 
0  885 

EATING  SB 

Apr  
May  
Tune  
July.  

1,241,500 
672,500 
258,600 
188,400 

1,074,500 
505,500 
91,600 

43 
55 

647 
303 
50 

1,660 
1,670 
1,830 

0.818 
0.822 
0.905 

E 

A 

Aug  

180,100 

Total  

13,821,000 

Sept  

Nov  
Dec  

Jan. 

330,200 
887,100 
1,525,200 
2,045,500 
1,933,400 

146,200 
703,100 
1,341,200 
1,861,500 
1  749  400 

61 
52 
39 
28 
30 

167 
410 
812 
1,120 
1  044 

875 
1,718 
1,653 
1,660 
1  670 

0.431 
0.845 
0.815 
0.817 
0  825 

Feb  
Mar  

1,990,200 
1,984,100 

1,806,200 
1,800,100 

30 
31 

1,111 
1,021 

1,624 
1,760 

0.800 
0.868 

If,  for  example,  the  heat  consumption  in  March,  1943,  is  compared  with  that  in  March,  1944,  it  will  be  found 
that  in  tke  latter  the  stew  consumption  is  1799  ~  J7Q0  -  39  tb  leap  wfcicji  is  a  decrease  pf  2.2  per  cent,      • 
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TABLE  8.    BUILDING  LOAD  FACTORS  AND  DEMANDS  OF  SOME  DETBOIT  BTTILDINGS 


BUILDING  CLASSIFICATION 

LOAD  FACTOR 

LB  OF  DEMAND  PER  (Hoxra) 
(SQ  FT  OF  EQUIVALENT  I^- 
STALLED  RADIATOR  SURFACE) 

Clubs  and  Lodges       ...            

0.318 

0.184 

Hotels  .                    .         .     . 

0.316 

0.207 

Printing  

0.287 

0.217 

Offices  

0.263 

0.209 

Apartments  

0.255 

0.225 

Retail  Stores    

0.238 

0.182 

Auto  Sales  and  Service  
Banks  

0.223 
0.203 

0.248 
0.158 

Churches  
Department  Stores  
Theaters  

0.158 
0.138 
0.126 

0.152 
0.145 
0.151 

3  only  the  fuel  chargeable  to  heating.    The  degree-day  values  in  column  5 
are  obtainable  from  the  local  Weather  Bureau.    Figures  in  column  6  are 
obtained  by  dividing  corresponding  values  in  column  3  by  the  degree-days 
in  column  5.    The  heating  index  in  column  6  is,  then,  a  figure  of  heat  con- 
sumption, corrected  for  outdoor  temperature,  and  should  be  relatively  con- 
stant month  by  month.     Column  7  in  Table  7  may  be  used  if  the  heat 
consumption  is  to  be  compared  on  a  building  volume  basis  with  average 
values  shown  in  Table  6. 

MAXIMUM  DEMANDS  AND  LOAD  FACTORS 

In  one  form  of  district  heating  rates,  a  portion  of  the  charge  is  based 
upon  the  maximum  demand  of  the  building.  The  maximum  demand  may 
be  measured  in  several  different  ways.  It  may  be  taken  as  the  instantane- 
ous peak  or  as  the  rate  of  use  during  any  specified  interval.  One  method 
is  to  take  the  average  of  the  three  highest  hours  during  the  winter.  These 
figures  are  available  for  a  number  of  buildings  in  Detroit,  as  shown  in 
Table  85. 

These  maximum  demands  were  measured  by  an  attachment  on  the  con- 
densation meter  and  therefore  represent  the  amounts  of  condensation  passed 
through  the  meter  in  the  highest  hours,  rather  than  the  true  rate  at  which 
steam  is  supplied.  There  might  be  slight  differences  in  these  two  quantities 
due  to  time  lag  and  to  storage  of  condensate  in  the  system,  but  wherever 
this  has  been  investigated  it  has  been  found  to  be  negligible. 

The  load  factor  of  a  building  is  the  ratio  of  the  average  load  to  the 
maximum  load  and  is  an  index  of  the  utilization.  Thus,  in  Table  8,  the 
theaters,  operating  for  short  hours,  have  a  load  factor  of  0.126  as  compared 
with  the  figure  of  0.318  for  clubs  and  lodges. 

SEASONAL  EFFICIENCY 

The  task  of  predicting  fuel  consumption  within  reasonably  accurate 
limits  is  a  simple  one  where  sufficient  experience  data  are  available  for  the 
fuel  in  question.  Such  data  can  be  analyzed  to  the  point  where  average 
unit  factors  can  be  determined  and  expressed  in  such  terms  as,  for  example, 
cubic  feet  of  gas  actually  burned  per  (square  foot  of  calculated  steam  radia- 
tor surface)  (degree-day) .  The  unit  U  can  be  inserted  directly  in  Equation 

4  without  reference  to  efficiency.    Such  experience  factors  are  available  for 
gas  (see  Table  2)  and  for  district  steam  (Table  6),  but  not  for  coal  or  oil. 
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Since  values  of  U  are  not  available  for  oil  or  coal,  an  assumed  seasonal 
efficiency  E  must  be  used.  Selection  of  a  value  for  this  E  must  be  made 
with  caution,  for  its  use  implies  a  meaning  not  commonly  associated  with 
the  word  efficiency  and  consequently  is  frequently  misleading. 

The  input  of  heat  to  a  building  consists  not  only  of  the  energy  in  the  fuel 
but  that  from  occupants,  the  sun,  appliances,  processes,  and  all  other 
sources.  In  many  cases  these  make  up,  over  a  period,  an  important  per- 
centage of  the  total  heat  required,  and  if  they  are  not  taken  into  account  a 
calculation  of  efficiency  can  show  a  figure  over  100  per  cent. 

For  this  and  other  reasons  the  actual  seasonal  efficiency  is  a  difficult 
thing  to  determine.  Published  data  are  widely  scattered  and  insufficient. 
From  the  available  published  material  it  is  found  that  the  seasonal  efficiency 
varies  over  a  wide  range,  depending  on  the  fuel  used,  and  it  varies  widely 
even  for  a  given  fuel.  For  example,  in  a  recent  survey  of  30  houses  in  one 
locality  there  was  found  a  variation  of  from  45  to  75  per  cent  in  the  utiliza- 
tion efficiency  depending  on  the  fuel6, 
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CHAPTER  18 

GRAVITY  WARM  AIR  SYSTEMS 

Warm  Air  Leaders,  Stacks,  and  Registers;  Return  Air  Grilles,  Ducts,  and 
Connections;  Outline  of  Design  Procedure 

WARM  air  heating  systems  of  the  gravity  type  are  described  in  this 
chapter.1  In  these  systems  the  motive  head  producing  flow  depends 
upon  the  difference  in  weight  between  the  heated  air  leaving  the  top  of 
the  casing  and  the  cooled  air  entering  the  bottom  of  the  casing,  while  in  the 
mechanical  type  a  fan  may  supply  all  or  part  of  the  motive  head. 

A  gravity  warm-air  furnace  heating  plant  consists  of  a  fuel-burning 
furnace  or  heater,  enclosed  in  a  casing  of  sheet  metal,  which  is  placed  in 
the  basement  of  the  building.  The  heated  air,  taken  from  the  top  or  sides 
near  the  top  of  the  furnace  casing,  is  distributed  to  the  various  rooms  of 
the  building  through  sheet  metal  warm-air  pipes.  The  warm-air  pipes  in 
the  basement  are  known  as  leaders,  and  the  vertical  warm-air  pipes  which 
are  run  in  the  inside  partitions  of  the  building  are  called  stacks.  The 
heated  air  is  finally  discharged  into  the  rooms  through  registers  which  are 
set  in  register  boxes  placed  either  in  the  floor  or  in  the  side  wall,  usually  at 
or  near  the  baseboard.  A  sectional  view  of  a  typical  plant  showing  good 
installation  practice  is  given  in  Fig.  1. 

The  air  supply  to  the  furnace  is  usually  taken  entirely  from  inside  the 
building  through  one  or  more  recirculating  ducts,  although  in  some  cases  an 
outside  air  supply  duct  is  provided. 

WARM  AIR  LEADERS,  STACKS,  AND  REGISTERS 

In  a  gravity  circulating  warm-air  furnace  system,  the  size  of  the  leader 
pipe  to  a  given  room  depends  upon  the  length  of  the  leader  and  the  tem- 
perature of  the  warm  air  entering  the  room  at  the  register.  For  most 
successful  operation,  the  furnace  should  be  centrally  located  with  respect 
to  register  and  stack  positions  so  that  the  leaders  will  be  of  uniform  length 
and  as  short  as  possible,  in  which  case  the  frictional  resistance  to  air  flow 
and  the  temperature  loss  from  the  ducts  will  be  about  the  same  for  all  runs. 

In  the  Standard  Code  for  Installation  of  Gravity  Warm  Air  Heating 
Systems,  the  design  was  originally  based  on  the  heat  carrying  capacities 
per  square  inch  of  leader  pipe  area  with  register  air  temperatures  of  175  F. 
In  a  recent  revision  of  the  entire  design  procedure,  as  shown  in  the  section 
entitled  Outline  of  Design  Procedure,  the  carrying  capacities  of  leader  pipes 
have  been  expressed  directly  in  terms  of  Btu  per  hour. 

In  general  it  is  advisable  to  use  two  or  more  leader  pipes  to  rooms  re- 
requiring  more  than  the  capacity  of  a  12  in.  round  pipe.  The  tops  of  all 
sizes  of  leader  pipes  should  be  cut  into  the  furnace  bonnet  at  the  same 
elevation,  and  from  this  point  there  should  be  a  uniform  upgrade  of  at  least 
1  in.  per  foot  of  run.  Leaders  over  12  ft  in  length,  or  having  a  large  num- 
ber of  elbow  fittings  should  be  avoided  if  possible.  In  cases  where  such 
leaders  are  necessary,  it  is  recommended  that  smooth  transition  fittings 
be  used,  and  that  duct  insulation  be  applied.  Asbestos  paper,  unless  of 
the  corrugated  type,  should  not  be  considered  as  insulation.  To  assist 
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in  balancing  the  air  distribution  of  the  system,  a  damper  should  be  placed 
in  each  leader  pipe  except  one,  this  latter  leader  preferably  being  connected 
to  a  room  heated  at  all  times,  such  as  a  living  room. 
In  a  gravity  circulating  system,  the  ratio  of  stack  to  leader  area  is  quite 


FIG.  1.    A  SECTIONAL  VIEW  OF  A  TYPICAL  PLANT  SHOWING 
GOOD  INSTALLATION  PRACTICE* 


A.  House  chimney,  no  bends  nor  offsets.  N. 

B.  Top  of  chimney  at  least  2  ft  above  ridge  of  roof. 

C.  Flue  lining,  fireclay.  0. 

D.  All  joints  air  tight.  P. 

E.  At  least  8  in.  brick.  Q. 

F.  No  other  connection  beside  that  to  furnace.  R. 

G.  Cleanout  frame  and  door,  airtight.  S» 
H.  Smoke  pipe,  end  flush  with  inner  surface  of  flue.  T. 
I.    Draft  door.  TJ. 
J.    Use  flue  thimble.  V. 
K.  Casing  body.  W. 
L.  Casing  hood  or  bonnet,  top  of  all  leader  collars  on       X. 

aame  level.  Y. 

M.  Round  leader,  pitch  1  in,  per  foot.  Z. 


Sleeve  with  air  space  around  leader  where  pass 

ing  through  wall. 

Dampers  in  all  leaders,  except  one. 

Transition  fittings. 

Rectangular  wall  stack. 

Baseboard  register. 

Distribute  pipes  equally  around  bonnet. 

Floor  register. 

Return  air  face. 

Panning  under  joist. 

Transition  collar. 

Round  return  pipe. 

Transition  shoe. 

Top  of  shoe  at  casing  not  above  grate  level. 


0  From  N.W.A.H.&A.C.A.  Manual  5:  Gravity  Code  and  Manual,  Third  Edition,  1947. 


important,  although  little  is  gained  by  providing  wall  stacks  with  areas 
in  excess  of  75  per  cent  of  their  connected  leader  pipe  area.  In  most  cases 
a  3|  in.  X  12  in.  stack  is  the  largest  which  can  be  installed  in  normal  wall 
construction.  Hence,  any  room  having  a  heat  loss  much  in  excess  of  9000 
Btu  per  hr,  will  require  two  or  more  stacks,  or  one  oversized  stack  built  into 
a  6  in.  studding  space,  providing  the  design  register  temperature  is  to  be 
retained  at  the  average  value  of  175  1?  as  recommended. 
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Registers  used  for  discharging  warm  air  into  rooms  should  have  a  net 
area  not  less  than  the  area  of  the  leader  pipe  to  which  the  register  is  at- 
tached. First  story  registers  should  be  connected  through  boot  and  register 
box  extensions  having  areas  at  least  equal  to  leader  areas.  Upper  story 
registers  should  be  of  the  same  width  as  the  wall  stack,  and  should  be  placed 
either  in  the  baseboard  or  side  wall,  preferably  without  offsets.  First  story 
registers  may  be  of  the  baseboard  or  floor  type,  with  the  former  location 
preferred.  Floor  registers  are  easy  to  install,  but  they  may  interfere  with 
placement  of  carpets  and  may  be  dirt  catchers. 

RETURN  AIR  GRILLES,  DUCTS,  AND  CONNECTIONS 

The  placement  and  number  of  return  grilles  will  depend  upon  the  size, 
details,  and  exposure  of  the  house.  Small  compactly  built  houses  may  be 
adequately  served  by  a  single  return  grille  effectively  placed  in  the  central 
hall.  It  is  usually  desirable  to  have  two  or  more  returns,  provided  that  in 
two-story  residences  one  return  is  placed  to  effectively  receive  the  return 
air  at  the  foot  of  the  stairs.  A  return  air  connection  must  be  carried  to 
any  room  whose  floor  level  is  below  that  of  adjacent  rooms. 

The  return  air  grilles  should  have  free  areas  at  least  equal  to  the  ducts  to 
which  they  connect,  and  should  be  installed  in  the  floor,  or  in  the  base- 
board with  the  top  edge  of  the  grille  not  more  than  about  14  in.  above  the 
floor  line.  Frictional  resistance  in  the  return  air  system  is  as  detrimental 
as  is  resistance  in  the  warm-air  system,  so  that  care  should  be  exercised 
in  locating  return  air  grilles  which  require  long  return  ducts. 

Where  a  divided  system  of  two  or  more  returns  is  used,  the  grilles  must 
be  placed  to  serve  the  maximum  area  of  cold  wall  or  windows.  Thus,  in 
rooms  having  only  small  windows  the  grilles  can  be  brought  as  close  to 
the  furnace  as  possible,  but  if  the  room  has  large  window  exposure  the 
grille  should  be  located  near  the  exposure. 

The  frictional  resistance  of  the  long  ducts  used  in  parallel  with  short 
return  ducts  must  be  reduced  to  compensate  for  the  length.  This  is  ac- 
complished by  using  design  data  given  in  the  following  section  Outline  of 
Design  Procedure. 

Return  ducts  from  upstairs  rooms  may  be  necessary  in  spaces  which  are 
closed  off  from  the  rest  of  the  house  or  which  have  much  outdoor  exposure. 
Return  grilles  on  different  floor  levels  should  not  be  connected  to  the  same 
vertical  return  duct. 

The  ducts  through  which  air  is  returned  to  the  furnace  should  be  designed 
to  minimize  resistance  to  air  flow.  They  should  be  of  ample  area,  with 
sizes  selected  according  to  capacity  and  construction,  as  specified  in  section 
Outline  of  Design  Procedure,  and  should  be  streamlined.  Horizontal  ducts 
should  pitch  at  least  |  in.  per  foot  downward  toward  the  furnace,  avoiding 
fittings  which  would  require  lifting  of  the  return  air  after  the  duct  has 
passed  under  some  obstacle. 

Ducts  returning  air  to  the  furnace  should  avoid  heat  sources  which 
tend  to  reheat  the  return  air.  If  the  duct  must  be  run  over  the  top  of  the 
furnace,  or  above  the  vent  pipe  from  the  furnace,  insulation  should  be  inter- 
posed between  the  heat  source  and  the  duct. 

The  top  of  the  return  shoe  should  enter  the  casing  below  the  level  of  the 
grate  in  the  case  of  a  coal  furnace,  and  not  more  than  14  in.  above  the  floor 
in  the  case  of  oil  or  gas  furnaces.  In  order  to  accomplish  this  the  shoe  is 
made  wide. 
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OUTLINE  OF  DESIGN  PROCEDURE 

The  data  underlying  the  design  procedure  are  given  in  detail  in  a  circular2 
issued  by  the  University  of  Illinois.  In  this  procedure  the  design  of  the 
warm-air  duct  system  is  considered  as  an  entire  unit,  so  that  for  a  given 
heat  loss  the  sizes  of  leaders,  stacks,  boots,  stackheads,  and  registers  are 
all  correlated.  Similarly  in  the  case  of  return  ducts,  the  selection  specifies 
a  complete  unit  consisting  of  return  grille,  return  duct,  and  shoe  connection. 

Recommended  Standard  Sizes 

For  the  purpose  of  simplification  and  standardization,  selected  combina- 
tions of  commercial  sizes  of  warm  air  pipes,  return  air  pipes,  ducts,  grilles, 
fittings,  and  registers  are  designated  as  Combination  Numbers.  The 
numbers  assigned  and  the  combinations  selected  as  standard  are  listed  in 
the  following  Tables  1  to  4  inclusive.8 


TABLE  1.    FIEST  STOBT  WARM- AIR  DUCTS* 


REGISTER  SIZE,  IN. 

COMBINATION 
No. 

LEADER  PIPE 
DIAMETER,  IN. 

rj*«     rt 

Baset 

card 

Floor 

Size 

Extension 

1 
2 
3 

4 

5 

8 
9 
10 

12 
14 

8x10 
9x12 
10x12 
12  x  14 
14  x  16 

10  x    8 
12  X    8 
12  x    9 
13x11 

2J€ 

VA 

&A 
&A 

a  When  the  calculations  indicate  a  requirement  for  a  given  room  greater  than  Combination  No.  4,  two  or 
more  smaller  units  totalling  the  required  capacity  are  recommended. 


TABLE  2.    SECOND  STORT  WARM-AIE  DUCTS — SINGLE  WALL  STACKS  AND  FITTINGS 


COMBI- 
NATION 
No. 

LEADER 
PIPE 
DIAMETER, 
IN, 

STACK  *> 
SIZE 

IN. 

REGISTER,  SIZE,  IN. 

Floor 

Baseboard 

Sidewall 

Size 

Extension 

11 
12 
14 
15 
16 

8 
9 
10 
12 
12 

•10  x  3M 
12x3M 
14x3M 

12  x  5M 
14x5^ 

8x10 
9x12 
10x12 

10  x    8 
12  x    8 
12  x    8 
12  x    9 
13  x  11 

2M 
2M 
2M 
3M 
5M 

10x8 
12  x  8 
12x8 

b  Recommended  stack  sizes.    Tables  may  also  be  applied  to  3  in.  and  31/*  in.  stack  depths. 


TABLE  3.    SECOND  STORY  WARM- AIR  DUCTS — DOUBLE  WALL  STACKS  AND  FITTINGS 


COMBI- 
NATION 
No. 

LEADER 
PIPE 
DIAMETER, 
IN. 

STACK  SIZE,  IN. 

REGISTER  SIZE,  IN. 

Internal 

External 

Floor 

Baseboard 

Sidewall 

Size 

Extension 

21 

8 

2HC  x  10 

33^0  x  105^ 

8x10 

10x8 

2M 

10x8 

22 

8 

3       xlO 

3%  x  105^ 

8x10 

10x8 

2M 

10x8 

23 

9 

2/^cx  12 

3j^cx  12?^ 

9x12 

12x8 

2M 

12x8 

24 

9 

3       x!2 

3?i  x!2% 

9x12 

12x8 

2M 

12x8 

°  Commercial  sizes  vary  Vs  in.  from  values  shown. 
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TABLB  4.    RETURN  AIR  DUCTS 


COMBI- 
NATION 

DUCT 

DlA. 

AREA  AT 
SHOE  CON- 

METAL GRILLE  SIZES 

WHEN  JOIST  LINING 
is  USED<* 

WHEN  DUCT  is 
USED 

No. 

IN. 

NECTION, 
So  IN. 

Choose  One 

No.  of 

Minimum* 

Joists 

Depth, 

Choose  One 

Lined 

In. 

A 

B 

c 

31 

10 

8x14 

10x12 

1 

7 

14x   6 

12x   8 

32 

12 

6x30 

8x24 

12x14 

1 

9 

22x  6 

16x  8 

33 

14 

170 

8x30 

10x24 

14x16 

1 

12 

28x  6 

22x  8 

34 

16 

220 

10x30 

12x24 

2 

8 

28x  8 

22x10 

35 

18 

280 

12x30 

14x24 

2 

10 

36x   8 

28x10 

36 

20 

340 

14x30 

18x24 

2 

12.5 

36x10 

30x12 

37 

22 

420 

18x30 

2 

15.0 

42x10 

36x12 

38 

24 

500 

20x30 

2 

18.0 

42x12 

36x14 

d  Based  on  14  in.  space  between  joists. 

9  Use  full  depth  of  joist  except  when  joist  depth  is  leas  than  minimum  depth  required,  when  pan  must  6e 
used. 


G  H 

FIG.  2.    TTPICAL  WARM  AIR  BOOTS 


TABLE  5.    RESISTANCES  or  WARM  AIR  BOOT  COMBINATIONS 
EXPRESSED  IN  ELBOW  EQUIVALENTS 


WARM  AIR  BOOT 

NAME  OF  COMBINATION 

EQUIVALENT  No.  OF 
90-DEG  ELBOWS 

A 

45-Deg  Angle  Boot  and  45-Deg  Elbow 

1 

B 

90-Deg  Angle  Boot 

1 

C 

Universal  Boot  and  90-Deg  Elbow 

1 

D 

End  Boot 

2 

E 

Offset  Boot 

m 

F 

45-Deg  Angle 

y* 

G 

Floor  Register  —  Second  Story 

3 

H 

Offset 

3 

I 

Offset 

2 
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/T->°           I            Ou*W//x:te5_ 
Metal  shield  QX~        *- 


furnace  foundation-  Of 
brick,  cement  or  other  tike 
'^combustible  material. 


2~<7/r  space-  open 

Insulated  vith 
afr  space  or  cov- 
ered with  magne- 
sia, asbestos,  or 
sand 

Inner  liner- from 
•top  casing  ring  fo 
grate  level. 


casing 


FIG.  3.    DETAILS  OP  FTTENACB  BONNBJT,  CASING,  AND  FOUNDATION 
(FROM  N.W.A.H.  &  A.C.A.  MANUAL  5,  THIRD  EDITION) 

The  selected  types  of  boots  are  shown  in  Fig,  2,  and  their  resistances  ex- 
pressed in  equivalent  elbows  are  shown  in  Table  5.  It  is  essential  that  free 
areas  be  maintained  throughout  fittings. 

Figs.  3  and  4  show  recommended  practice  as  given  by  the  N.WA.H. 
&  A.C.A.  For  construction,  design  features,  and  ratings  of  gravity 
furnaces  see  Chapter  15. 

Carrying  Capacity 

The  Btu  carrying  capacities  of  the  selected  warm  air  and  return  air 
combinations  are  shown  in  Tables  6,  7  and  8. 
The  selected  types  of  return  air  ducts  and  fittings  are  shown  in  Fig.  5. 


of  air  ce// asbestos  paper 
vJhenp/pe  passes  thru 
unheatzd  space. 


FIG.  4.    DETAILS  OF  BONNET  AND  LEADER  or  GEAVITT  WABM-AIB  FUKNACE 
(FROM  N.W.A.H.  &  A.C.A.  MANUAL  5,  THIRD  EDITION) 


aped h//th 
\          asbestos  paper 

^ 
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TABLE  6.    WAEM  AIK  CARRYING  CAPACITY,  BTTJ  DELIVERED,  FIEST  STORY  REGISTERS* 
Length  of  Leader  Pipe — in  Feet 


COMBI- 
NATION 
No. 

No.  OF 
ELBOWS 

4  Fr 

6  FT 

8  FT 

10  FT 

12  FT 

14  FT 

16  FT 

IS  FT 

20  FT 

22  Fi 

24  FT 

1 
2 
3 
4 
5 

1 

6,020 
7,620 
9,400 
13,350 
17,520 

5,850 
7,400 
9.140 
12,970 
17,020 

5,680 
7,180 
8,870 
12,590 
16,530 

5,510 
6,970 
8,600 
12,210 
16,040 

5,340 
6,760 
8,340 
11,830 
15,550 

5,170 
6,540 
8,070 
11,450 
15,050 

5,000 
6,320 
7,810 
11,080 
14,550 

4,830 
6,110 
7,540 
10,700 
14,050 

4,660 
5,890 
7,270 
10,320 
13,560 

4,490 
5,680 
7,010 
9,950 
13,060 

4,320 
5,460 
6,740 
9,560 
12,560 

1 
2 
3 
4 
5 

2 

5,850 
7,360 
9,090 
12,910 
16,940 

5,660 
7,150 
8,840 
12,540 
16,450 

5,490 
'6,940 
8,580 
12,170 
15,990 

5,330 
6,730 
8,320 
11,800 
15,500 

5,160 
6,o20 
8,060 
11,430 
15,040 

5,000 
6,320 
7,800 
11,060 
14,550 

4,840 
6,110 
7,550 
10,690 
14,080 

4,670 
5,910 
7,290 
10,320 
13,600 

4,510 
5,700 
7,040 
9,950 
13,120 

4,3-10 
5,500 
6,780 
9,580 
12,650 

4,180 
5,290 
6,520 
9,210 
12,150 

1 
2 

3 

4 
5 

3 

5,620 
7,120 
8,780 
12,450 
16,360 

5,460 
6,910 
8,530 
12,100 
15,900 

5,310 
6,710 
8,280 
11,750 
15,440 

5,150 
6,510 
8,030 
11,400 
14,970 

4,990 
6,310 
7,780 
11,050 
14,510 

4,830 
6,110 
7,530 
10,700 
14,050 

4,670 
5,900 
7,290 
10,350 
13,600 

4,510 
5,700 
7,040 
10,000 
13,130 

4,350 
5,500 
C.SOO 
9,650 
12,660 

4,190 
5,300 
6,550 
9,300 
12,200 

4,030 
5,100 
6,300 
8,950 
11,750 

1 
2 
3 
4 
5 

4 

5,420 
6,860 
8,460 
12,010 
15,770 

5,260 
6,660 
8,200 
11,670 
15,320 

5,110 
6,460 
7,980 
11,330 
14,880 

4,960 
6,270 
7,740 
10,990 
14,420 

4,800 
6,080 
7,500 
10,650 
13,990 

4,650 
5,890 
7,260 
10,310 
13,540 

4,500 
5,690 
7,020 
9,970 
13,100 

4,350 
5,500 
6,780 
9,630 
12,650 

4,190 
5,300 
6,550 
9,290 
12,200 

4,040 
5,110 
6,310 
8,950 
11,730 

3,800 
4,910 
6,070 
8,610 
11,310 

1 
2 
3 

4 
5 

5 

5,240 
6,630 
8,180 
11.610 
15,250 

5,090 
6,440 
7,950 
11,290 
14,800 

4,940 
6,250 
7,720 
10,950 
14,380 

4,790 
6,060 
7,490 
10,620 
13,950 

4,640 
5,880 
7,260 
10,300 
13,520 

4,500 
5,690 
7,030 
9,970 
13,090 

4,350 
-5,500 
6,800 
9,640 
12,650 

4,200 
5,320 
6,560 
9,320 
12,230 

4,050 
5,130 
6,330 
8,  900 
11,800 

3,910 
4,940 
6,100 
8,600 
11,370 

3,760 
4,750 
5,860 
8,320 
10,940 

*  Additional  values  for  6  and  7  elbows  are  given  in  Manual  5,  JV.  W.A.H.  &  A  .C.A . 

TABLE  7.    WARM  AIR  CARRTING  CAPACITY,  BTTT 

DELIVERED,  SECOND  STORY  REGISTERS* 

Length  of  Leader  Pipe — in  Feet 


COMBI- 
NATION 

NO.  b,c 

No.  OF 
ELBOWS 

4  FT 

OFT 

8  FT 

10  FT 

12  FT 

14  FT 

16  FT 

18  FT 

20  FT 

22  FT 

24  FT 

11-22 
12-24 
14 
15 
16 

1 

8,370 
10,040 
11,710 
16,200 
18,920 

8,140 
9,760 
11,380 
15,750 
18,390 

7,900 
9,470 
11,050 
15,300 
17,850 

7,670 
9,190 
10,720 
14,840 
17,310 

7,430 
8,900 
10,390 
14,380 
16,780 

7,190 
8,620 
10,060 
13,920 
16,240 

6,950 
8,330 
9,720 
13,460 
15.710 

6,710 
8,050 
9,390 
13,000 
15,180 

6,470 
•7,770 
9,060 
12,550 
14,640 

6,240 
7,480 
8,730 
12,100 
14,100 

6,000 
7,200 
8,400 
11,640 
13,570 

11-22 
12-24 
,     14 
M 
16 

2 

7,940 
9,540 
11,120 
15,400 
17,980 

7.720 
9,270 
10,810 
14,970 
17,470 

7,500 
9,000 
10,500 
14,530 
16,960 

7,280 
8,730 
10,180 
14,100 
16,450 

7,050 
8,460 
9,870 
13,670 
15,950 

6,830 
8,190 
9,550 
13,230 
15,430 

6.600 
7,920 
9,230 
12,800 
14,830 

6,370 
7,650 
8,920 
12,360 
14,420 

6,150 
7,380 
8,610 
11,930 
13,910 

5,930 
7,110 
8,290 
11,500 
13,400 

5,700 
6,840 
7,980 
11,070 
12,890 

11-22 
12-24 
14 
15 
16 

3 

7,530 
9,030 
10,530 
14,580 
17,040 

7,320 
8,780 
10,240 
14,180 
16.550 

7,110 
8,520 
9,940 
13,780 
16,070 

6,900 
8,270 
9,650 
13,370 
15,580 

6,680 
8,010 
9,350 
12T950 
15,110 

6,470 
7,750 
9,050 
12,530 
14,620 

6t250 
7,500 
8,750 
12,120 
14,140 

6,040 
7,240 
8,450 
11,710 
13,660 

5,830 
6,990 
8,160 
11,300 
13,180 

5,620 
6,730 
7,860 
10,890 
12,700 

5,400 
6,470 
7,560 
10,480 
12,210 

11-22 
12-24 
14 
15 
16 

4 

7,120 
8,530 
9,950 
13,780 
16,080 

6,920 
8,290 
9,670 
13,390 
15,620 

6,720 
8,050 
9,390 
13,000 
15,170 

6,520 
7,810 
9,110 
12,610 
14,710 

6,310 
7,570 
8,830 
12,220 
14,260 

6,110 
7,330 
8,550 
11,830 
13,810 

5,900 
7,080 
8.260 
11,440 
13,350 

5,700 
6,840 
7,980 
11,050 
12,900 

5,500 
6,600 
7,700 
10,670 
12,440 

5,300 
6,360 
7,420 
10,280 
11,980 

5,100 
6,120 
7,140 
9,890 
11,530 

11-22    . 
12-24 
14 
15 
16 

5 

6,700 
8,040 
9,370 
12,970 
15,140 

6,510 
7,810 
9,110 
12,600 
14,710 

6,320 
7,580 
8,850 
12,240 
14,280 

6,130 
7.350 
8,580 
11,870 
13,850 

5,940 
7,130 
8,310 
11,500 
13,420 

5,750 
6,900 
8,050 
11,140 
13,000 

5,560 
6,670 
7.780 
10,770 
12,570 

5,370 
6,440 
7,510 
10,400 
12,140 

5,180 
6,220 
7,250 
10,040 
11,710 

4,990 
5,990 
6,980 
9,680 
11,280 

4,800 
5,760 
6,720 
9,310 
10,850 

a  When  floor  registers  are  used,  see  "Fig.  2. 

b  No.  21  for  Btu  values  multiply  11-22  values  by  0.83. 

0  No.  23  for  Btu  values  multiply  12-24  values  by  0.83. 
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TABLE  8.    RETURN  AIR— CABBTING  CAPACITY— BTU  SERVICED 


RETURN 
AIR  COM- 
BINATION 

No. 

DUCT 
DIA 
IN. 

TYPE  A 
BTU  PER 
HR 

TYPES  B 

AND  C  BTU 

PERHR 

TYPED 
BTU  PER 
HR 

TYPE  E 
BTU  PER 
HR 

TYPE  F 
BTU  PER 
HR 

RETURN 
AIR  COM- 
BINATION 

No. 

31- 
32 

10 
12 

11,300 
16,300 

9,500 
13,700 

7,800 
11,300 

5,000 
7,200 

7,800 
11,300 

31 
32 

33 
34 

14 
16 

22,200 
29,000 

18,700 
24,400 

15,300 
20,000 

9,800 
12,800 

15,300 
20,000 

33 

34 

35 
36 

18 
20 

36,700 
45,300 

30,800 
38,000 

25,300 
31,300 

16,200 
20,000 

25,300 
31,300 

35 
36 

37 
38 

22 
24 

54,800 
65,200 

46,000 
54,800 

37,800 
45,000 

24,100 
28,700 

37,800 
45,000 

37 
38 

Design  Procedure 
The  steps  to  be  taken  in  designing  a  gravity  warm  air  duct  system  are : 

1.  Calculate  the  heat  loss  from  each  room  as  explained  in  Chapters  9, 10  and  11. 

2.  Prepare  a  layout  showing  (a)  furnace,  (5)  chimney  connection,  (c)  warm  air 
registers  (whether  floor,  baseboard  or  wall),  (d)  return  air  grilles. 

3.  Indicate  on  each  warm  air  run  (using  symbols  shown  in  Fig.  6) :  (a)  whether  the 
room  to  be  heated  is  on  the  first  or  second  story,  (6)  the  approximate  length  of  leader 
pipe  in  the  basement,  (c)  the  number  of  right  angle  elbows  and  equivalent  elbows 
(Table  5)  required,  including  the  elbow  at  the  boot  connection  (see  Fig.  2),  (d) 
whether  the  register  is  to  be  located  in  the  floor,  in  the  baseboard,  or  in  the  wall. 


Up  to  20' 


Afr  Gr/7/e    rFioor 


Type  A 


Type  B 


Up  to  20' 


Up  to  30' 


Type  D 


TypeE 


TypeC 

Same  as  Type  E 
except  that  col- 
lar and  shoe  are 
same  as  for  Type 
A. 


Typ*F 


Note:  For  Types  C,  D,  E,  and  F  return-air  duct  systems,  reduce  the  carrying  capacities  shown  in  Table  8 
by  1  per  cent  for  each  4  ft  additional  length  in  the  horizontal  run. 

Fia.  5.    TYPICAL  ABBANGBMENTS  or  RETURN-AIB  DUCT  SYSTEMS 
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4.  Show  the  number  and  proposed  locations  of  return  air  grilles  and  the  type  of 
return  air  system  (see  Fig.  5). 

5.  From  Table  6,  for  first  story,  or  from  Table  7  for  second  story,  select  the  combi- 
nation number  for  the  warm  air  system  which  will  supply  the  heat  required  to  each 
room,  with  the  number  of  elbows  and  length  of  leader  pipe  previously  determined. 
Then,  using  the  combination  number  as  found,  read  directly  in  Tables  1,  2,  or  3  the 
leader,  stack,  and  register  sizes  required. 

6.  From  Table  8  select  the  combination  number  for  the  return  air  system  to  corre- 
spond with  the  Btu  serviced  and  the  type  of  return  air  system.    Then  from  Table  4 
select  the  duct  and  grille  sizes,  etc.,  corresponding  to  the  same  combination  number. 

7.  Select  a  furnace  having  a  register  delivery,  in  Btu  per  hour,  equal  to  the  total 
heat  loss  from  the  structure. 

Standard  work  sheets  to  facilitate  design  according  to  the  above  recom- 
mended procedure,  are  available  from  N.W.A.H.  &  A.C.A. 


FIG.  6.    TYPICAL  BASEMENT  LINE  DRAWING 

Design  Examples 

Examples  1  and  2  will  illustrate  the  use  of  the  tables  in  selecting  warm  air 
and  return  system  sizes. 

Example  1.  For  a  room  which  has  a  heat  loss  of  22,500  Btu  per  hr,  select  the  size 
of  first  story  warm  air  system.  There  are  three  elbows,  and  the  leader  is  approxi- 
mately 10  ft  long. 

Solution:  Since  22,500  Btu  is  beyond  the  capacities  shown  in  Table  6,  it  is  neces- 
sary to  select  two  units  of  11,250  each.  From  Table  6  in  10  ft  leader  column,  and  in 
section  for  three  elbows,  find  11,400  as  nearest  capacity  which  corresponds  to  Com- 
bination Number  4  in  first  column.  Refer  to  Combination  Number  4^in  Table  1  and 
find  that  the  leader  should  be  12  in.  in  diameter,  and  should  be  used  with  a  12  X  14 in. 
floor  register  or  a  13  X  11  in.  baseboard  register  with  a  5J  in.  extension. 

Example  #.  What  is  the  size  of  a  return  system  of  Type  D  which  is  to  service 
35,000  Btu  per  hr? 

Solution:  From  Table  8  find  Combination  Number  37  which  will  service  37,800 
Btu  per  hr.  Refer  to  Table  4  to  find  that  Combination  Number  37  will  require  a 
22-in.  diameter  duct,  a  shoe  area  of  420  sq  in.,  a  metal  grille  18  X  30  in.,  a  duct  42  X  10 
in.  or  36  X  12  in.  If  joist  lining  is  used  the  minimum  depth  should  be  15  in,  for  two 
2-joist  spaces  14  in.  wide,  or  10  in.  for  three  joist  spaces. 
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MECHANICAL  WARM  AIR  SYSTEMS 

Air  Distribution,  Standard  Combinations  of  Parts,  Simplified  Method  of  Design, 

Automatic  Controls,  Design  Procedure  for  Large  Systems,  Adjustment  of  System 

for  Continuous  Air  Circulation,  Cooling  Methods,  Design  of  Cooling  System 


IN  mechanical  warm  air  or  fan  furnace  heating  systems1,  the  air  circula- 
tion is  effected  by  motor-driven  centrifugal  fans,  commonly  referred  to 
as  blowers,  instead  of  by  the  difference  in  weight  between  the  heated  air 
leaving  the  top  of  the  casing  and  the  cooled  air  entering  the  bottom,  as  in 
gravity  systems  described  in  Chapter  18.  The  advantages  of  mechanical 
systems,  as  compared  with  gravity  systems,  are : 

1.  The  furnace  need  not  be  centrally  located  but  may  be  placed  in  any  part  of  the 
basement. 

2.  Basement  distribution  piping  can  be  made  smaller  and  can  be  so  installed  as  to 
give  full  head  room  in  all  parts  of  the  average  basement,  or  be  completely  concealed 
from  view  where  desired. 

3.  Circulation  of  air  is  positive,  and  in  a  properly  designed  system  can  be  balanced 
in  such  a  way  as  to  give  a  greater  uniformity  of  temperature  distribution. 

4.  Humidity  control  is  more  readily  attained. 

5.  The  air  may  be  cleaned  by  sprays  or  filters,  or  both. 

6.  The  fan  and  duct  equipment  may  be  utilized  for  a  complete  cooling  and  de- 
humidifying  system  for  summer,  using  either  ice,  mechanical  refrigeration,  or  low 
temperature  water  for  cooling  and  dehumidifying,  or  adsorbers  for  dehumidifying. 

7.  The  use  of  the  fan  increases  the  volume  of  air  which  can  be  handled,  thereby 
increasing  the  rate  of  heat  extraction  from  a  given  amount  of  heating  surface  and 
insuring  sufficient  air  volume  to  obtain  proper  distribution  in  a  large  room. 

8.  Ventilation  air  may  be  positively  introduced  and  heated. 

The  construction  features  of  mechanical  warm  air  furnace  units  and  dis- 
cussions of  the  function  and  selection  of  the  various  parts,  such  as  the 
furnace,  casings,  motors,  filters  and  controls  are  included  in  Chapter  15. 

AIR  DISTRIBUTION 

The  conditions  of  comfort  obtained  in  a  room  are  influenced  greatly  by 
the  type  of  register  used  and  the  locations  of  the  supply  registers  and  return 
grilles.  In  general  it  has  been  found  that  changes  in  the  type,  air  velocity, 
and  location  of  the  supply  register  affect  the  room  conditions  much  more 
than  the  changes  in  the  location  of  the  return  grilles.  One  method  is  to 
locate  the  supply  register  near  the  floor,  or  high  in  the  side  wall,  so  that  the 
warm  air  from  the  register  blankets  a  cold  wall,  and  mixes  with  the  cold  air 
descending  from  the  exposed  walls  and  glass.  Another  method  is  to  locate 
the  supply  openings  near  the  floor,  or  high  in  the  side  wall,  on  the  inside 
wall  and  the  return  openings  near  the  greatest  outside  exposure.  In  any 
case  the  warm  air  registers  should  be  located  so  that  the  air  stream  never 
discharges  directly  into  space  that  will  normally  be  occupied  by  people  at 
rest.  Tests  in  the  Warm  Air  Research  Residence2  have  indicated  that  con- 
tinuous blower  operation  gave  better  results  than  intermittent  operation. 

425 


426 


CHAPTER  19 


1950  Guide 


Register  and  Grille  Openings 

Supply  registers  located  in  the  floor  require  attention  to  keep  them  clean 
and  are  usually  avoided.  Tests  conducted  in  the  Warm  Air  Research 
Residence  at  the  University  of  Illinois  have  indicated  that  comparable 
results  are  obtainable  with  either  high  side  wall  or  baseboard  registers,  if 
proper  registers  and  air  velocities  are  selected.  Baseboard  registers  should 
be  of  a  deflecting-diffuser  type  which  throw  the  air  downward  toward  the 
floor  and  diffuse  it  at  the  same  time.  For  baseboard  registers  air  tempera- 
tures under  125  F,  and  air  velocities  over  500  fpm  should  be  avoided  as  they 
may  cause  drafts. 

High  side  wall  registers  must  be  of  such  type  that  the  air  is  delivered 
horizontally  or  in  a  slightly  downward  direction,  and  must  be  so  located  as 
to  avoid  impingement  of  air  on  ceiling  or  wall.  Directional  flow  diffusing 
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FIGK  1.  RECOMMENDED  TYPE  OP  BASE- 
BOARD AND  LOW  SlDEWALL  REGISTERS* 


FIG.  2.  RECOMMENDED  TYPE  OF  HIGH 
SIDE  WALL  REGISTERS** 


*  Vertical  bars  with  adjustable  deflection,  or  fixed  vertical  bars  with  deflections  to  right  and  left  not 
exceeding  about  22  deg.  For  low  sidewall  location.,  the  deflection  for  horizontal,  multiple  valve  registers 
should  not  exceed  22  deg.  For  baseboard  locations,  the  deflection  for  horizontal,  multiple  valve  registers 
should  not  exceed  about  10  deg. 

b  Horizontal  valves,  in  back  or  front,  to  give  downward  deflections  not  to  exceed  from  15  to  22  deg. 


type  registers  should  be  used  to  insure  best  results.  Register  air  velocities 
should  be  such  that  the  air  velocity  will  be  about  50  fpm  three  quarters  of 
the  distance  from  the  register  to  the  opposite  wall. 

Velocities  through  registers  may  be  reduced  by  the  use  of  registers  larger 
than  the  connecting  ducts.  Diffusers  should  be  used  to  spread  the  air 
uniformly  over  the  register  face.  Basic  rules  for  the  location  and  selection 
of  registers  are  given  in  Section  B  of  Manual  7  of  the  National  Warn  Air 
Heating  and  Air  Conditioning  Association. 

Registers  should  be  well  proportioned  and  decorated  to  harmonize  with 
the  trim.  Air  supply  registers  should  be  equipped  with  dampers  and  all 
registers  should  be  sealed  against  leakage  around  edges.  The  register  types 
shown  in  Figs.  1  and  2  have  been  recommended  as  standard  by  the  National 
Warm  Air  Heating  and  Air  Conditioning  Association. 

Return  air  grilles  may  be  located  in  hallways,  near  entrance  doors,  under 
windows,  in  exposed  corners,  or, inside  walls,  depending  on  location  of 
supply  registers.  Baseboard  returns  are  preferable  to  floor  grilles, 
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TABLE  1.    WASM  AIR  DUCT  SYSTBM  COMBINATIONS  OF  FAETS 
SELECTED  AS  STANDARD 


COMBINA- 
TION No. 

STACK  SIZE  IN. 

BRANCH  PIPS 
8x».  IN. 

REQISTEB  SIZE,  IN. 

(Sana  Fios,  1  AND  2) 

REQUIRED 
INCREASE  IN 
WIDTH  OF 
TKXTNK 
DTJCT,  IN. 

ROUND 

REC- 

TAN0ULAB 

BASE-BOARD 
HIGH  OB  Low 

SlDEWALL 

FLOOR 
REGISTERS* 

i 

2 

3 

4 

s 

6 

7 

41 

10x31 

6 

4x8 

10x6 

8x10* 

1 

42 

10x3i 

6 

4x8 

10x6 

8xlOa 

2 

43 

12  x  31 

7 

5x8 

12x6 

9x12* 

3 

44 

14x31 

8 

6x8 

14x6 

9x12* 
or  longer 

4 

45 

10x31 

(2-Stacks) 

9 

8x8 

(2)  10  x  6 
or 
(1)  24  x  6 

10  x  12* 

5 

46 

12x3} 

(2-Stacks) 

10 

10x8 

(2)  12  x  6 
or 
(1)  30  x  6 

12  x  14a 

7 

*  Use  theee  items  only  when  the  building  construction  or  capacity  requirements  necessitate  the  use 
of  floor  registers.  The  sizes  listed  for  floor  registers  correspond  to  the  standard  sizes  for  gravity  warm  air 
furnace  systems,  except  for  the  sizes  of  the  floor  box  collars.  The  use  of  standard  blind  boxes  is  suggested. 
A  12  x  5£  in.  stack  may  be  used  on  Combination  45,  and  a  14  x  5}  in.  stack  on  Combination  46  with  floor 
registers. 

Dampers 

Suitable  dampers  for  air  direction  or  volume  control  are  essential  to  any 
duct  system.  Special  care  must  be  used  in  the  design  of  any  system  to 
avoid  turbulence  and  to  minimize  resistance.  Sharp  elbows,  angles,  and 
offsets  should  be  avoided.  Three  types  of  dampers  are  commonly  used. 
Volume  dampers  are  used  to  completely  cut  off  or  reduce  the  flow  through 
pipes.  Splitter  dampers  are  used  where  a  branch  is  taken  off  from  a  main 
trunk.  Squeeze  dampers  are  used  for  adjusting  the  volume  of  air  flow  ajid 
resistance  through  a  given  duct.  It  is  essential  that  a  damper  with  positive 
locking  device  be  provided  for  each  main  or  duct  branch.  Labels  placed 
on  ducts  should  indicate  the  room  being  served.  Damper  positions  should 
be  marked  for  summer  and  winter  operation,  and  to  avoid  tampering. 

Ducts 

The  ducts*  may  be  either  round  or  rectangular  in  cross  section.  The 
radii  of  elbows  should  preferably  be  not  less  than  one  and  one-half  times 
the  pipe  diameter  for  round  pipes,  or  the  equivalent  round  pipe  size  in  the 
case  of  rectangular  ducts.  Warm  air  ducts  passing  through  cold  spaces, 
or  where  located  in  exposed  walls,  should  have  f  to  2  in.  of  insulation. 

Special  attention  should  be  given  to  the  problem  of  noise  elimination. 
The  metal  duct  connection  to  and  from  the  furnace  casing  and  fan  housing 
should  be  broken  by  strips  of  canvas.  Motors  and  mountings  must  be 
carefully  selected  for  quiet  operation.  Electrical  conduit  and  water  piping 
must  not  be  fastened  to,  nor  make  contact  with  fan  housing.  Installation 
of  a  fan  directly  under  a  cold  air  grille  is  usually  avoided* 
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TABLE  2.    RETURN-AIB  DUCT  STSTEM  COMBINATIONS  OF  PABTS  SELECTED  AS 

STANDARD 


COMBI- 
NATION 

No. 

RETURN-  Am  INTAKK 
SIZE,  IN. 

RISER  SIZE, 
IN.  WHERE 
STACK  is 
USED  IN 
STUD  SPACE 

BBANCH  PIPE 
SIZE,  IN. 

WHEN  JOIST  LINING 

IS  USEDb 

NUMB  SB  OF  JOIST 
SPACES  LINED  AND 
MINIMUM  DEPTH  OP 
SPACE  REQUIRED 

REQUIRED 

INCREASE  IN 
WIDTH  OF 
TRUNK  DUCT 
(FOR  8  IN. 
DEPTH  or 
DUCT),  IN. 

BASE- 
BO  ABD 

FLOOB* 

ROUND 

REC- 
TANGULAR 

1 

2 

3 

4 

5 

6 

7 

8 

51 

10x6 

6x10 
or 

4x14 

10  x  3ic 

6 

4x8 

1  space  of  3  in. 

1 

52 

10x6 

6x10 
or 
4x14 

10  x  3J° 

6 

4x8 

1  space  of  3  in. 
depth 

2 

53 

12x6 

6x12 
or 
6x14 

12  x  3Jd 

7 

5x8 

1  space  of  4  in. 
depth 

3 

54 

14x6 

6x14 

14  x  3id 

8 

6x8 

1  space  of  5  in. 
depth 

4 

55 

24x6 
or 
30x6 

6x30 

Two 

stacks 
each 
10  x  3J° 

9 

8x8 

1  space  of  6  in. 
depth  or  2  spaces 
of  3  in.  depth 

5 

56 

30x6 

6x30 

Two 
stacks 
12  x  3id 

10 

10x8 

1  space  of  7  in. 
depth  or  2  spaces 
of  4  in.  depth 

7 

57 

~~~ 

8x30 

_ 

12 

15x8 

1  space  of  9  in. 
depth  or  2  spaces 
of  5  in.  depth 

12 

a  Use  these  items  only  when  building  construction,  or  capacities,  require  the  use  of  floor  intakes.  The 
sizes  listed  correspond  to  standard  sizes  for  gravity  installations,  except  floor  box  collars.  The  use  of 
standard  blind  boxes  is  suggested. 

b  Based  on  14  in.  space  between  joists.  Use  full  depth  of  joist,  except  when  joist  depth  is  less  than 
minimum  depth  required,  in  which  case  a  drop  pan  must  "be  used.  This  may  occur  when  two  or  more  re- 
turn ducts  are  connected  to  the  same  joist  space. 

0  If  it  is  desired  to  use  14  in.  x  3|  in.  stud  space,  it  makes  no  difference  whether  this  space  has  protrud- 
ing keys  or  not. 

d  If  it  is  desired  to  use  14  in.  x  3|  in.  stud  space,  the  plaster  base  must  be  smooth,  without  any  pro- 
truding plaster  keys  to  interfere  with  the  flow  of  air. 

STANDARD  COMBINATIONS  OF  PARTS 

The  combinations  of  parts  selected  as  standard  by  the  National  Warm 
Air  Heating  and  Air  Conditioning  Association  are  shown  in  Tables  1  and 
2.  A  method  for  selecting  these  combinations  is  indicated  in  the  following 
section  Simplified  Method  of  Design. 

SIMPLIFIED  METHOD  OF  DESIGN 

A  simplified  method  for  selecting  the  combinations  of  branches,  boots, 
stacks,  and  registers,  is  given  in  Manual  7  of  the  National  Warm  Air 
Heating  and  Air  Conditioning  Association.  In  this  method  the  sizes  of  the 
branch  ducts  are  obtained  from  two  tables  giving  their  Btu  capacities.  The 
proper  combination  of  parts  for  each  branch  can  be  determined  if  the  follow- 
ing information  is  available. 

a.  Location  of  room,  that  is,  whether  on  first  or  second  story. 
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6.  Actual  length  of  duct  from  bonnet  to  boot,  in  feet. 

c.  Btu  loss  from  room  to  be  heated. 

d.  Equivalent  lengths  in  feet  of  all  fittings  and  of  the  register.    Fig.  3  shows  the 
values  of  equivalent  lengths  of  fittings  commonly  used  for  domestic  systems. 

This  simplified  method  is  applicable  to  structures  having  heat  losses  not 
in  excess  of  approximately  120,000  Btu  per  hour.  The  capacities  shown 
in  Tables  3  and  4  are  based  upon  the  most  reliable  data  pertaining  to  friction 
losses  and  temperature  drops  in  ducts.  They  are  also  based  upon  a  100 
deg  temperature  rise  of  the  air,  and  a  static  pressure  available  for  over- 
coming friction  losses  in  the  external  duct  system  alone  of  0.20  in.  water 
gage.  The  use  of  this  method  assumes  that  the  fan  in  the  fan-furnace 
assembly  will  be  capable  not  only  of  overcoming  the  resistance  of  the 
external  duct  system  alone,  but  also  the  resistances  imposed  by  the  blower 
inlet,  the  filter,  and  the  furnace  casing.  The  combination  numbers  shown 
in  the  right  hand  column  of  Tables  3  and  4  correspond  to  those  given  in 
Tables  1  and  2.  Tables  3  and  4  are  also  applicable  for  the  selection  of  the 
return  air  branches.  A  depth  of  8  in.  has  been  adopted  as  the  standard  for 
the  trunk  ducts.  The  width  of  a  trunk  duct  serving  two  branches  is  deter- 
mined by  adding  to  the  width  of  the  remote  branch  the  value  shown  in 
column  7  of  Table  15  or  column  8  of  Table  2. 

AUTOMATIC  CONTROLS 

Air  stratification,  high  bonnet  temperatures,  excessive  flue  gas  tempera- 
tures, and  heat  overrun  or  lag  in  a  properly  designed  system  can  be  largely 
eliminated  through  proper  care  in  the  planning  and  installation  of  the  con- 
trol system3 ;  desirable  controls  usually  employed  are : 

1.  A  thermostat  located  in  a  living  room  where  maximum  fluctuation  in  tempera- 
ture can  be  expected,  in  order  to  secure  frequent  operation  of  fans,  drafts,  and  burn- 
ers.   The  thermostat  location  should  not  be  on  an  outside  wall,  in  a  bedroom,  bath- 
room or  sun  room,  or  in  a  location  where  it  will  be  affected  by  direct  radiant  heat  from 
the  sun  or  from  a  fireplace,  or  by  direct  heat  from  any  warm  air  duct,  register  or 
chimney. 

2.  A  fan  switch  control  located  in  the  bonnet  to  start  blower  operations  at  tempera- 
tures between  110  and  130  F,  and  to  stop  the  blower  at  about  25  to  30  deg  below  the 
cut-in  point.    The  lower  settings  are  used  for  high  side  wall  register  installations, 
and  the  higher  settings  for  baseboard  register  installations.    For  most  satisfactory 
results  these  settings  should  be  as  low  as  is  feasible. 

3.  A  protective  high  limit  switch  located  in  the  bonnet  to  stop  the  system  inde- 
pendently of  the  thermostat  if  the  bonnet  temperature  exceeds  175  F. 

4.  On  oil  and  gas  burner  installations,  a  protective  control  should  be  included 
which  will  stop  the  system  if  the  fire  is  extinguished  or  if  there  is  a  failure  of  the  igni- 
tion system. 

5.  On  automatic  stoker  installations,  a  control  is  usually  included  which  will  start 
the  operation  regardless  of  thermostat  settings  whenever  the  bonnet  temperature 
indicates  that  the  fire  is  dying,  or  a  time  interval  contactor  is  used  that  will  start  the 
stoker  to  run  a  few  minutes  out  of  each  hour. 

6.  A  humidistat  to  regulate  the  moisture  supplied  to  the  rooms,  located  either  in 
one  of  the  rooms  or  in  the  main  return  duct  near  the  furnace. 

DESIGN  PROCEDURE  FOR  LARGE  SYSTEMS4 

For  buildings  having  a  heat  loss  in  excess  of  120,000  Btu  per  hour  the 
design  procedure  given  in  Manual  9  of  the  N.W.A  .H.  &  A  .C.A . ,  may  be  used 
except  where  ventilation  air  volume  exceeds  volume  required  to  supply 
calculated  heat  loss.  This  procedure  consists  of : 

1.  Calculation  of  design  heat  losses  from  individual  spaces  in  the  structure.  (See 
Chapter  11). 
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TABLE  3.    CAPACITY  TABLES  FOB  WAEM-AIR  AND  RETURN-AIB  BBANCHES^  b 

FIRST  STORY 


FOB 
UNINSULATED 
METAL  DUCTS 

ACTUAL  LENGTH  (FBOM  BONNET  TO  BOOT)  OB,  (FBOM 
RETURN  PLENUM  TO  Boor)  IN  FBET 

WARM 
Am 
COMBI- 
NATION 

No. 

RETURN 
Am 
COMBI- 
NATION 
No. 

1T07 
FT. 

8  TO  12 

FT. 

13  TO  17 

FT. 

18  TO  24 

FT. 

25  TO  34 

FT. 

35  TO  44 

FT. 

45  TO  54 

FT. 

COL,  A 

COL.  B 

COL.  c 

COL.  D 

COL.  K 

COL,  F 

COL.  G 

Section  A. 

40  to  69 
Equivalent 
Ft  for  Fit- 
tings and 
Register 

7200 
12500 
16000 
19100 

25000 
32000 
80000 

6700 
11700 
15000 
18000 

23400^ 
30000 
75000 

6100 
10800 
14000 
17000 

21600 
28000 
70000 

5600 
9900 
13000 
16000 

19800 
26000 
65000 

4800 
8500 
11300 
14200 

17000 
22600 
56500 

4100 
7400 
9900 
12500 

14800 
19800 
49500 

3500 
6400 
8700 
11000 

12800 
17400 
43500 

41 
42 
43 
44 

45° 
46° 

51 
52 
53 

54 

55 
56 

57° 

Section  B. 

70  to  99 
Equivalent 
Feet 

5500 
9900 
13100 
16300 

19800 
26200 
65500 

5100 
9200 
12300 
15400 

18400 
24600 
61500 

4800 
8600 
11600 
14500 

17200 
23200 
58000 

4500 
8100 
10900 
13700 

16200 
21800 
54500 

3900 
7100 
9700 
12200 

14200 
19400 
48500 

3400 
6200 
8500 
10800 

12400 
17000 
42500 

3000 
5400 
7500 
9500 

10800 
15000 
37500 

41 

42 
43 
44 

45° 
46° 

51 
52 
53 
54 

55 
56 
57° 

Section  C. 

100  to  129 
Equivalent 
Feet 

4600 
8500 
11300 
14300 

17000 
22600 
56200 

4300 
7900 
10600 
13500 

15800 
21200 
52600 

4100 
7400 
10000 
12700 

14800 
20000 
50200 

3800 
6900 
9400 
11900 

13800 
18800 
47300 

3300 
6100 
8400 
10500 

12200 
16800 
42000 

3000 
5300 
7400 
9300 

10600 
14800 
37000 

2700 
4700 
6500 
8300 

9400 
13000 
32400 

41 

42 
43 
44 

45° 
46« 

51 
52 
53 
54 

55 
56 
57« 

Section  D. 

130  to  164 
Equivalent 
Feet 

4100 
7300 
9800 
12300 

14600 
19600 
49200 

3800 
6900 
9100 
11700 

13800 
18200 
45800 

3600 
6400 
8600 
11000 

12800 
17200 
41900 

3400 
6000 
8100 
10300 

12000 
16200 
40300 

2900 
5300 
7200 
9100 

10600 
14400 
36000 

2600 
4700 
6400 
8100 

9600 
12800 
31800 

2300 
4200 
5600 
7100 

8400 
11200 
28100 

41 

42 
43 
44 

45° 
46° 

51 
52 
53 
54 

55 
56 
57° 

Section  E. 

165  to  200 
Equivalent 
Feet 

3800 
6500 
8800 
11000 

13000 
17600 
44100 

3500 
6100 
8200 
10500 

12200 
16400 
41500 

3300 
5700 
7700 
9900 

11400 
15400 
38800 

3100 
5400 
7200 
9300 

10800 
14400 
36000 

2700 
4800 
6400 
8300 

9600 
12800 
32000 

2400 
4300 
5700 
7300 

8600 
11400 
28200 

2100 
3800 
5000 
6400 

7600 
10000 
24700 

41 
42 
43 
44 

45° 
46° 

51 
52 
53 
54 

55 
56 
57° 

FOB 

INSULATED 
DUCTS 

Cot.  A 

ITOO 
FT. 

COL.  B 

10  TO 
17  FT. 

COL.  c 

18  TO 
24  FT. 

COL,  D 
25  TO 

34  FT. 

COL.  IB 
35  TO 

54  FT. 

FOB  DUCTS  THAT  ABB  COM- 
PLETELY INSULATED 
WITH  J  IN.  THICK  INSUL- 
ATION FROM  BONNET  TO  BOOT, 
USB  THESE  COLUMN  HEADINGS. 

*  These  tables  are  for  use  in  sizing  both  the  warm  air  and  the  return  air  branches. 
b  Frictional  resistances  and  temperature  drops  in  ducts  have  both  been  accounted  for  in  these  tables. 
0  Use  these  items  only  when  the  building  construction,  or  capacity  requirements,  necessitate  the  use 
of  two  adjoining  stacks  or  floor  registers. 
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TABLE  4.    CAPACITY  TABLES  FOE  WABM>AIR  AND  RETURN  AIR  BRANCHES**** 

SECOND  STORY 


ACTUAL  LENGTH  (FBOM  BONNET  TO  BOOT)  OK,  (FROM 

RETURN  PLENUM  TO  BOOT)  IN  FEET 

WARM 

RETURN 

FOR 

Am 

AW-D 

UNINSULATED 

1T07 

8  TO  12 

13  TO  17 

18  TO  24 

25  TO  34 

35  TO  44  45  TO  64 

A.1S 

COMBI- 

,/V.IK 

COMBI- 

METAL DUCTS 

FT. 

FT. 

FT. 

FT. 

FT. 

FT. 

FT. 

NATION 

NATION 

No. 

No, 

COL,  A 

COL,  B 

COL.  c 

COL.  D 

COL.  E 

COL.  F 

COL.  <a 

Section  A. 

6300 

5700 

5200 

4800 

4100 

3500 

3100 

41 

51 

10900 

10000 

9200 

8500 

7300 

6400 

5600 

42 

52 

40  to  69 

14000 

13000 

12100 

11400 

10000 

8800 

7800 

43 

53 

Equivalent 

17000 

15900 

14900 

13900 

12400 

11100 

9900 

44 

54 

Ft  for 

Fittings 

21800 

20000 

18400 

17000 

14600 

12800 

11200 

45° 

55 

and 

28000 

26000 

24200 

22400 

20000 

17600 

15600 

46° 

56 

Register 

70000 

65000 

60500 

57000 

50000 

44000 

39000 

— 

57° 

Section  B. 

5000 

4600 

4300 

4000 

3400 

3000 

2700 

41 

51 

9000 

8200 

7600 

7100 

6200 

5400 

4700 

42 

52 

70  to  99 

11900 

11000 

10300 

9600 

8400 

7500 

6700 

43 

53 

Equivalent 

14800 

13900 

13000 

12200 

10800 

9600 

8500 

44 

54 

Feet 

18000 

16400 

15200 

14200 

12400 

10800 

9400 

45° 

55 

23900 

22000 

20600 

19200 

16800 

15000 

13400 

46° 

56 

59500 

55000 

51500 

48000 

42000 

37500 

33500 

— 

57° 

Section  C. 

4200 

3900 

3700 

3500 

3000 

2600 

2400 

41 

51 

7700 

7200 

6700 

6200 

5400 

4700 

4100 

42 

52 

100  to  129 

10400 

9700 

9000 

8400 

7400 

6500 

5800 

43 

53 

Equivalent 

13000 

12100 

11300 

10600 

9400 

8300 

7400 

44 

54 

Feet 

15400 

14400 

13400 

12400 

10800 

9400 

8200 

45° 

55 

21700 

19400 

18000 

16800 

14800 

13000 

11600 

46° 

56 

52200 

48400 

45300 

42300 

37000 

32500 

29000 

— 

57C 

Section  D. 

3800 

3500 

3200 

3000 

2700 

2300 

2100 

41 

51 

6800 

6300 

5800 

5500 

4800 

4200 

3700 

42 

52 

130  to  164 

9100 

8400 

7900 

7400 

6300 

5700 

5000 

43 

53 

Equivalent 

11400 

10500 

9800 

9200 

8100 

7200 

6400 

44 

54 

Feet 

13600 

12600 

11600 

11000 

9600 

8400 

7400 

45° 

55 

18200 

16800 

15800 

18400 

12600 

11400 

12800 

46° 

56 

45500 

42000 

39600 

36800 

32200 

28200 

25100 

— 

57° 

Section  E. 

3500 

3200 

2900 

2700 

2500 

2100 

1900 

41 

51 

6100 

5700 

5300 

5000 

4400 

3900 

3400 

42 

52 

165  to  200 

8200 

7600 

7100 

6700 

5700 

5100 

4500 

43 

53 

Equivalent 

10300 

9500 

8900 

8300 

7400 

6500 

5800 

44 

54 

Feet 

12200 

11400 

10600 

10000 

8800 

7800 

6800 

45° 

55 

16400 

15200 

14200 

13400 

11400 

10200 

9000 

46° 

56 

41000 

38300 

35800 

33400 

29000 

25800 

22800 

— 

57' 

FOR 

COL.  A 

COL.  B 

COL.  c 

COL.  D 

COL.  E 

COL.  F 

FOB  DTTCTS  THAT  ARE  COM- 
PLETELY  INSULATED 

INSULATED 
DUCTS 

1T08 

9  TO  14 

15  TO  20 

21  TO  27 

28  TO  42 

43  TO  54 

WITH  \  IN.  THICK  INSULATION 
FROM  BONNKT  TO  BOOT  U»« 

FT. 

FT. 

FT. 

FT. 

FT. 

FT, 

THESE  COLUMN  HEADINGS. 

a  These  tables  are  for  use  in  sizing  both  the  warm  air  and  the  return  air  branches. 
b  Frictional  resistance  and  temperature  drops  in  ducts  have  both  been  accounted  for  in  these  tables. 
0  Use  these  items  only  when  the  building  construction,  or  capacity  requirements,  necessitate  the  use 
of  two  adjoining  stacks  or  floor  registers. 
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FIG.  3.  EQUIVALENT  LENGTH  OF  FITTINGS 


GROUP  1.       WARM   AIR  AND  RETURN  AIR    BONNET  OR  PLENUM. 


SRQUP  2.     ANGLES  AND   ELBOWS  FOR   TRUNK   DUCTS.    INSIDE  RADIUS    V  WIDTH  OF  DUCT. 


EQ.  n: 

4  TO  1 1  =  10" 
12  TO  21=-  15 
22  TO  27  -  20 
28  TO  33  »  25 
34  TO  42«30 
43  TO  51*40 
52  TO  64=50' 


TRUNK    DUCT     TAKE-OFFS. 
V  to.  rt 


^  2 .  Location  of  registers  and  return  intakes  on  floor  plan,  showing  types  of  registers , 
with  distance  from  register  to  opposite  wall  and  deflection  of  registers  desired. 

3.  Laying  out  a  proposed  duct  system  for  both  warm  air  and  return  air  sides  of 
the  system  and  including  details  of  types  of  fittings  and  the  actual  and  equivalent 
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FIG.  3.  EQUIVALENT  LENGTH  OF  FITTINGS  (Continued) 

BOOT    FITTINGS.  -  FROM    BRANCH   TO  STACK, 


35'eq.  ft  60'eQ.rr.  4&'EQ.rT  70'co.  rr. 


30'co.  ft.  35'eo.  rt  6'to.  rr. 


1 0  'ea  rr.  1 5  'EQ.  FT.  35 '  t«.  nr. 


GROUP   5.       STACK    ANGLES,  ELBOWS,  AND    COMBINATIONS 


5'eq.  rr  10 'eo.  *T  23'co.  rt  10'eo.  rr, 


CQ  FT 

10' WIDTH-  15' 
12*  «  -  15* 
14-  i  -  20' 


10*  WIDTH  *  40 
12"  "  a  50' 
14"  "  »  55* 


25'ea.rt 


ZQ  rr.  CQ.FT 

10  X  3k  «  55*  10  X  3  (4  *  75* 

12  X  3 'A  •  65"  12  X3  J4  -  85* 

14  X  3K  -.  70  14X3  g»  90* 


10'cQ.  r-r      I3'eo.  rt 


10' ea.  rr.  85'ea  rt 


GROUP    6.     RETURN  AIR 


RETURN  AIR  LINER   TO. DUCT.          STUD   SPACE  TO  LINER,  STUD  SPACE   TO   LINER. 


50'  KQ.  rx  TO.  rt  ; 

B. A.  GRILL  AND  FITTING.      R.A.  CRIU  TO  STUD  SPACE.    R. A.  GRILL  ONLY.  FLOOR   GRILL  TO  LINER 


lengths  of  each  branch  line  from  bonnet  to  register,  without  sizes.  (See  Fig.  3, 
Groups  1  through  6,  for  equivalent  length  of  fittings) . 

4.  Determination  of  bonnet  temperature. 

If  rating  sheet  for  furnace-blower  unit  specifies  a  fixed  value  of  bonnet  temperature, 
enter  table  at  this  value.  If  not  specified,  use  the  following  procedure;  Use  Table 
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FIG,  3,  EQUIVALENT  LENGTH  OF  FITTINGS  (Concluded) 


GROUP  7,  REGISTERS  (INCLUDING  LOSSES  IN    STACKHEAO  AND  VELOCITY    PRESSURE). 


DEFLECTION 


25EQ.FT. 

.  REC- 
ONLY 


TABLE  4A.    EQUIVALENT  LENGTH  FOB  REGISTERS 


Deflection  Angle  A 


0° 


15° 


22° 


45" 


Baseboard,    High   or   Low   SidewaU 
Registers 


Eq,  Ft. 
35 


40 


45 


60 


115 


Floor  Register*  with  Box  only 


25 


For  2-way  deflection  registers,  add  the  vertical  and  horizontal  deflection  angles  together  and  multiply 
by  0.7.  Select  closest  angle  A  in  Table  4A. 


5  for  buildings  having  a  heat  loss  between  120,000  and  350,000  Btu  per  hr  or  Table  6 
for  buildings  having  a  heat  loss  greater  than  350 ,000  Btu  per  hr .  Select  $  horte&t  actual 
length  and  read  downward  in  nearest  column  in  Tables  5  or  6  until  lower  heavy  diago- 
nal line  is  reached,  but  do  not  cross  line.  Run  horizontally  to  first  column  of  table 
and  note  bonnet  temperature.  Also  select  longest  actual  length  and  read  downward 
in  nearest  column  in  Tables  5  or  6,  until  upper  heavy  diagonal  line  is  just  crossed. 
Run  horizontally  to  left  to  obtain  value  for  bonnet  temperature  in  first  column.  Se- 
lect as  the  design  bonnet  temperature  any  value  between  these  two  limits. 

5.  Determination  of  air  volume  to  be  delivered  through  each  register  and  the 
respective  register  air  temperatures. 

Using  Tables  5  or  6  and  the  design  bonnet  temperature  selected,  find  the  values  of 
cfm  per  1000  Btu  for  each  duct  length. 

6.  Selection  of  register  sizes  and  pressure  losses  to  produce  necessary  throw,  for 
the  air  volumes  handled. 

Use  Tables  7  or  8  to  obtain  required  free  area  and  pressure  loss  of  register. 

7.  Design  of  duct  system. 

A.  Warm  air  branches. 

a.  Use  Table  9  to  select  maximum  bonnet  pressure  usually  required  for  the 
trunk  carrying  the  maximum  volume  of  air  (cfm).    If  the  maximum 
bonnet  pressure  is  not  high  enough  to  accommodate  the  pressure  loss 
through  the  registers,  use  a  higher  bonnet  pressure.    If  the  register  pres- 
sure is  critically  large,  it  may  be  necessary  to  reduce  it  by  either  using 
two  registers  in  place  of  one,  or  using  smaller  deflection  angles. 

b.  Obtain  actual  duct  loss  by  subtracting  register  pressure  loss  from  maxi- 
mum bonnet  pressure. 

c.  Obtain  the  pressure  drop  in  each  duct  per  100  ft  by  use  of  Table  10. 

d.  Determine  duct  size  by  means  of  air  friction  chart  (such  as  Fig.  1,  Chapter 
31),  volume  (cfm),  and  pressure  drop  per  100  ft  of  duct. 

B.  Return  air  branches. 

a.  Select  a  low  value  of  actual  duct  loss  obtained  from  step  b  under  item  A 
for  the  suction  loss  of  return  duct  system. 

b.  Proceed  in  sizing  return  air  branches  by  the  same  method  described  for 
the  warm  air  branches. 

C.  Trunk  ducts  for  warm  air  and  return  air  sides  of  system. 

a.  Add  air  volumes  of  branches  to  be  handled  by  each  trunk  duct. 

b.  The  friction  loss  per  100  ft  of  trunk  duct  is  determined  by  taking  the 
smaller  of  the  two  values  for  friction  loss  for  the  two  ducts  meeting  at 
the  junction. 

c.  Determine  trunk  duct  size  by  using  an  air  friction  chart,  volume  (cfm), 
and  pressure  drop  per  100  ft  of  trunk  duct. 
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TABLE  7.    DETERMINATION  OF  FREE  AKEA  AND  PEESSUBE  Loss  OP 
REGISTEB  FOE  22  DEG  DEFLECTION  OP  AIB*-  b>  «•  d» e 

Register  Free  Area  in  Square  Inches  (Upper  value  in  each  group) 
Pressure  Loss  in  Inches  of  Water  (Lower  value  in  each  group) 


CFM 

RESIDENTIAL  Usi 

CFM 

RESIDENTIAL  USE 

CPM 

DISTANCE  FBOM  REGISTEB  TO 
OPPOSITE  WALL 

REG. 
SIZE 

OR 

EQUIV- 
ALENT 

PEES- 

SUKE 

Loss 

REG. 
SIZE 

OB 

EQUIV- 
ALENT 

PRES- 
SURE 
Loss 

31-34 

35-39 

A 

40-49 
'      I 

50-5E 

*' 

60-6S 

70-79 

80-89 

Up  to  59 

10x4 
10x6 

.01 
.01 

100-119 

12  x  6 
14x4 

.02 
.02 

700-739 

243 
0.02 

186 
0.03 

127 
0.06 

85 
0.11 

60-69 

10x6 
12x4 

.01 

.02 

120-129 

12x6 
14x8 

.02 
.02 

740-779 

271 
0.02 

208 
0.03 

141 
0.05 

94 
0.10 

70-99 

10x6 

12x6 

.02 
.02 

130-169 

14x6 

.02 

780-819 

230 
0.02 

157 
0.05 

105 
0.09 



170-189 

14x8 

.02 

820-859 

254 
0.02 

173 
0.04 

115 
0.08 

CFM 

DISTANCE  FROM  REGISTEB  OF  OPPOSITE  WALL 

UP 

TO 

38 

19-2] 

22-24 

25-27 

28-30 

31-34 

35-39 

4(M9 

50-59 

860-899 

278 
0.02 

190 
0.04 

126 
0.08 

190-209 

68 
0.02 

49 
0.02 

38 
0.05 

29 
0.08 

24 
0.11 

19 
0.16 

900-939 

304 
0.02 

~m 

0.02 

207 
0.04 

138 
0.07 

210-229 

82 
0.02 

60 
O.OS 

45 
0.04 

i. 

35 

0.06 

28 
0.10 

23 
0.13 

I 

940-979 

228 
0.03 

151 
0.07 

108 
0.12 



230-249 

71 
0.05 

54 
0.04 

42 
0.06 

34 

0.08 

28 
0.11 

22 
0.17 

980-1019 

360 
0.02 

390 
0.02 

245 
0.03 

163 
0.06 

118 
0.11 

250-269 

84 
O.OS 

63 
0.03 

49 
0.05 

40 
0.07 

32 
0.10 

25 
0.16 

1020-1059 

265 
0.03 

177 
0.06 

127 
0.11 

270-299 

100 
0.05 

76 
0.03 

60 
0.04 

48 
0.06 

38 
0.09 

30 
0.13 

1060-1099 

285 
0.03 

190 
0.06 

137 
0.10 

300-339 

96 
0.02 

73 
0.04 

60 
0,05 

48 
0.07 

37 
0.11 

1100-1139 

307 
0.03 

204 
0.05 

147 
0.09 



340-379 

122 
0.02 

95 
0.03 

78 
0.04 

61 
0.06 

47 
0.09 

33 
0.18 

1140-1179 

330 
0.02 

220 
0.05 

158 
0.09 

380-419 

117 
0.02 

94 
0.03 

75 
0.05 

58 
0.08 

39 
0.15 

1180-1219 

353 
0.02 

235 
0.04 

169 
0.08 

420-459 

142 
0.02 

113 
0.03 

91 
0.04 

70 
0.06 

47 
0,13 

1220-1259 

376 
0.02 

251 
0.04 

180 
0.08 

460-499 

168 
0.02 

135 
0.03 

108 
0.04 

83 
0.06 

58 
0.11 

1260-12S9 

401 
0.02 

267 
0.04 

192 
0.07 

136 
0.13 

500-539 

159 
0.02 

126 
0.03 

97 
0.05 

66 
0.10 

1300-1339 

426 
0.02 

284 
0.04 

204 
0.07 

217 
0.06 

144 
0.13 

540-579 

185 
0.02 

147 
0.03 

113 
0.04 

77 
0.08 

1340-1379 

452 
0.02 

301 
0.04 

154 
0.12 

109 
0.22 

580-619 

212 
0.02 

169 
0.03 

130 
0.04 

88 
0.08 

51 
0.18 

1380-1419 

479 
0.02 

319 
0.04 

230 
0.06 

163 
0.12 

116 
0.21 

620-659 

192 
0.02 

147 
0.03 

100 
0.07 

59 
0.15 

1420-1459 

508 
0.02 

338 
0.03 

244 
0.06 

172 
0.11 

122 
0.20 

660-699 

217 
0.02 

166 
0.03 

113 
0.06 

75 
0.13 

1460-1500 

536 
0.02 

356 
0.03 

256 
0.06 

182 
0.10 

129 
0.19 

A      B 


B' 


a  If  register  selected  based  on  distance  from  register  to  opposite  wall  is  unsatisfactory  on  account  of  size  or  pressure 
loss,  it  is  permissible  to  shift  one  or  more  spaces  left  or  right  in  the  tables  to  obtain  a  more  suitable  register.  If  require- 
ments fall  in  blank  space,  select  two  registers  in  place  of  one  and  divide  CFM  capacity  between  the  two  registers. 

b  Pressure  loss  is  baaed  on  FLAT  FACE  ADJUSTABLE  BAR  TYPE  and  does  NOT  include  staekhead, 

0  Values  on  the  right  of  line  A  and  A'  should  not  be  used  in  applications  such  as  churches,  auditoriums,  and  con- 
cert halls. 

d  Values  on  right  of  line  B  and  B '  should  not  be  used  in  applications  such  as  residential  work,  motion  picture  thea- 
ters, court  rooms  and  schools. 

6  For  floor  and  baseboard  registers  where  a  velocity  of  approximately  300  FPM  is  used,  the  free  area  » ~ — 

CFM  -  30° 


or  approximately,  - 


Assume  a  pressure  loss  of  .01. 
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TABLE  8.    DETEEMINATION  OF  FEEE  AKEA  AND  PEESSUEE  Loss  OF 
REGISTEE  FOE  No  DEFLECTION  OF  AiEa- *•  «•  d«  * 

Register  Free  Area  in  Square  Inches  (Upper  value  in  each  group) 
Pressure  Loss  in  Inches  of  Water  Column  (Lower  value  in  each  group) 


CFM 

DISTANCE  FEOM  REGISTER  TO  OPPOSITE  WALL 

CFM 

DISTANCE  FROM  BEGISTEB  TO 
OPPOSITE  WALL 

19-21  |22-24|25-27|28-30|31-34|  35-39  I  40-49  |  50-59  1  60-69 

35-39|40-49|  50-59  1  60-69  |  70-79  1  80-89 

190f-209 

62 
0.02 

47 
0.03 

37 
0.04 

i 
30 
0.06 

i 
24 
0.09 

\ 

18 
0.15 

660-699 

210 
0.02 

i 

143 
0.03 

V       I 

95 
0.07 

V 

69 
0.12 

49 
0.22 

210-229 

76 
0.02 

58 
0.02 

45 
0.04 

36 
0.05 

29 
0.08 

22 
0.12 

700-739 

236 
0.02 

160 
0.03 

107 
0.06 

77 
0.11 

54 
0.21 

230-249 

69 
0.02 

53 
0.03 

43 
0.04 

34 
0.07 

26 
0.11 

740-779 

262 
0.02 

179 
0.03 

119 
0.06 

86 
0.10 

61 
0.18 

250-269 

81 
0.02 

63 
0.03 

50 
0,04 

40 
0.06 

31 
0.09 

21 
0.18 

780-819 

291 
0.02 

198 
0.03 

132 
0.05 

95 
0.09 

67 
0.17 

270-299 

93 
0.02 

73 
0.02 

59 
0.03 

47 
0.05 

36 
0.08 

24 
0.16 

820-859 

320 
0.02 

218 
0.03 

145 
0.05 

105 
0.08 

74 
0.15 

300-339 

95 
0.02 

77 
0.03 

61 
0.04 

46 
0.06 

32 
0.12 

860-899 

352 
0.02 

240 
0.02 

160 
0.04 

115 
0.08 

81 
0.14 

340-379 

120 
0.02 

97 
0.02 

77 
0.03 

59 
0.05 

40 
0.10 

900-939 

385 
0.01 

262 
0.02 

175 
0.04 

126 
0.07 

89 
0.13 

380-419 

119 
0.02 

95 
0.03 

73 
0.04 

50 
0.08 

940-979 

419 
0.01 

285 
0.02 

190 
0.04 

137 
0.07 

97 
0.12 

420-459 

149 
0.02 

114 
0.03 

88 
0.04 

60 
0.07 

980-1019 

455 
0.01 

309 
0.02 

206 
0.04 

148 
0.06 

105 
0.11 

460-499 

171 
0.02 

136 
0.02 

105 
0.03 

71 
0.06 

1020-1059 

493 
0.01 

335 
0.02 

223 
0.03 

161 
0.06 

113 
0.11 

500-539 

160 
0.02 

123 
0.03 

84 
0.05 

1060-1099 

530 
0.01 

361 
0.02 

241 
0.03 

173 
0.06 

123 

0.10 

540-579 

186 
0.02 

143 

0.02 

97 
0.05 

65 
0.09 

47 
0.17 

1100-1139 

571 
0.01 

388 
0.02 

258 
0.03 

186 
0.05 

132 

0.09 

93 
0.17 

580-619 

213 
0.02 

164 
0.02 

111 
0.04 

74 
0.08 

54 
0.15 

1140-1179 

416 
0.02 

277 
0.03 

199 
0.05 

141 
0.08 

100 
0.16 

620-659 

180 
0.02 

127 
0.04 

85 
0.07 

61 
0.14 

1180-1219 

446 
0.02 

297 
0.03 

214 
0.04 

151 

0.08 

107 
0.15 

*Ifreg 
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permi&sibl 
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idoea 
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M 
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)iy  OQ  account  of  size  o 
ne  or  more  spaces  left  01 
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NOT  include  stackhea 
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ia  used,  the  free  area  « 

Lssiime  a  pressure  loss  o 
nder  190  CFM  use  Table 

A        B 

m  register  to  oppo- 
r  pressure  loss,  it  is 
right  in  the  tables 
ments  fall  in  blank 
livide  CFM  capac- 

1220-1259 

476 
0.02 

317 
0.03 

228 
0.04 

161 
0.07 

116 
0.14 

1260-1299 

607 
0.01 

338 
0.02 

243 
0.04 

172 
0.07 

122 
0.13 

E  ADJUSTA 
d. 

i  not  be  used  i 
concert  halls. 

not  be  used  i 
a  picture  thes 

j  a  velocity  o 
CFM  X  144 

BLE 
nap- 

nap- 
ters, 

rap- 
rap- 

1300-1339 

539 
0.01 

359 
0.02 

258 
0.04 

183 
0.07 

130 
0.12 

1340-1379 

382 
0.02 

274 
0.04 

195 
0.07 

138 
0.12 

1380-1419 

403 
0.02 

290 
0.03 

206 
0.06 

146 
0.12 

1420-1459 

308 
0.03 

218 
0.06 

155 
0.10 

300        ° 

roi. 

7. 

*     2    '    J 
ly  volume  u 

1460-1500 

324 

0.03 

230 

0.06 

163 
0.10 
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8.  Selection  of  Blower. 

A.  Determine  total  cfm  air  delivery  (the  sum  of  all  branch  cfm  values) . 

B.  Determine  static  pressure  requirements. 

a.  For  furnace-blower  combination  units  it  is  the  sum  of  bonnet  pressure 
and  suction  pressure. 

b.  For  blowers  separately  selected  from  the  furnace  it  is  the  sum  of  bonnet 
pressure,  filter  loss,  casing  loss,  losses  through  air  washers,  coils,  and 
other  devices. 

9.  Selection  of  Furnace. 

A.  Determine  register  delivery  (the  sum  of  room  Btu  losses). 

B.  Determine  bonnet  capacity. 

Bonnet  capacity  =  (total  cfm)  X  (temperature  rise)  X  1.089, 

C.  Allowance  for  pick-up  load. 

ADJUSTMENT  OF  SYSTEM  FOR  CONTINUOUS  AIR  CIRCULATION 

This  procedure  applies  to  the  adjustment  of  an  automatically  fired  forced 
warm-air  heating  system  to  provide  continuous  air  circulation  when  the 
control  arrangement  is  of  the  type  where  the  room  thermostat  controls  the 

TABLEI  9.    SUGGESTED  BONNST  PRBSSUBB 
Inches  of  Water 


TOTAL  CFM  THROUGH 
ANY  ONE  DTJCT 

SUGGESTED 
BONNET  PBESSUTRB 
In.  Water 

TOTAL  CMF  THHOTTOH 
ANY  ONB  DTJCT 

SUGGESTED 
BONNET  PBESSUBB 
In.  Water 

800-1000 
1000-1200 
1200-1800 
1800-2400 
2400  to  3500 

0.10 

oao 

0.10 
0.13 
0.14 

3500  to  6000 
5000  to  7500 
7500  to  10,000 
10,000  to  12,000 
12,000  to  14,000 

0.15 
0.25 
0.375 
0.500 
0.750 

fire  and  the  blower  control  (fan  switch)  in  the  furnace  bonnet  or  warm  air 
plenum  controls  the  blower  operation.  This  procedure  as  outlined  in  detail 
in  Manual  6  of  the  National  Warm  Air  Heating  and  Air  Conditioning  As- 
sociation, is  as  follows  : 

1.  Adjust  the  fuel  input  in  proper  relation  to  the  heat  loss  of  the  structure. 

2.  Determine  the  temperature  rise  through  the  furnace. 

3.  Adjust  the  air  volume  to  produce  a  temperature  rise  through  the  furnace  of 
about  100  deg. 

4.  Adjust  the  fan  switch  differential  to  a  minimum  of  about  15  deg. 

5.  Adjust  the  fan  switch  cut-out  point  as  low  as  practicable. 

6.  Adjust  the  room  thermostat  temperature  differential  to  a  minimum  which  will 
cause  the  burner  to  cycle  frequently. 

7.  Balance  the  system  by  adjusting  dampers  to  produce  even  temperature  distri- 
bution between  rooms. 

8.  Set  the  room  thermostat  at  the  desired  room  temperature. 


COOLING  METHODS 

A  slight  cooling  effect  may  be  obtained  under  certain  conditions  by  the 
circulating  basement  air.  A  more  positive  cooling  effect  may  be  obtained 
by  the  use  of  an  air  washer  where  the  temperature  of  the  city  or  well  water 
is  sufficiently  low  (55  F  or  lower),  and  where  a  sufficient  volume  of  water 
can  be  provided.  Unless  the  temperature  of  the  leaving  water  is  below  the 
dew-point  temperature  of  the  indoor  air  at  the  time  the  washer  is  started, 
both  the  relative  and  absolute  humidities  will  be  somewhat  increased. 
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TABLE  10.    PRESSURE  DROP  IN  DUCT 
Inches  of  Water  per  100  Feet  of  Duct  Length 


EqtnvA- 

TOTAL  PRESSURE  DROP  IN  DUCT  (!N.  OF  WATSB) 

LBNT 

LENGTH  OF 
DUCT  (Fi) 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

0.13 

0.14 

0.15 

0.16 

0.17 

0.1S 

0.19 

0.20 

35-44 

0.10 

0.13 

0.15 

0.18 

0.20 

0.23 

0.25 

0,28 

0.30 

0.33 

0.35 

0.38 

0.40 

0.43 

0.45 

0.48 

0.50 

45-54 

0.08 

0.10 

0.12 

0.14 

0.16 

0.18 

0.20 

0.22 

0.24 

0.26 

0.28 

0.30 

0.32 

0.34 

0.36 

0.38 

0.40 

56-64 

0.07 

0.08 

0.10 

0.12 

0.13 

0.15 

0.17 

0.18 

0.-20 

0.22 

0.23 

0.25 

0.27 

0.28 

0.30 

0.32 

0.33 

65-74 

0.06 

0.07 

0.09 

0.10 

0.11 

0.13 

0.14 

0.16 

0.17 

0.19 

0.20 

0.21 

0.23 

0.24 

0.26 

0.28 

0.29 

75-84 

0.05 

0.06 

0.08 

0.09 

0.10 

0.11 

0.13 

0,14 

0.15 

0.16 

0.18 

0.19 

0.20 

0.21 

0.23 

0.24 

0.25 

85-94 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

0.13 

0.14 

0.16 

0.17 

0.18 

0.19 

0.20 

0.21 

0.22 

95-104 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.10 

0.11 

0.12 

0.13 

0.14 

0.15 

0.16 

0.17 

0.18 

0.19 

0.20 

105-114 

0.04 

0.05 

0.05 

0.06 

0.07 

0.08 

0.09 

0,10 

0.11 

0.12 

0.13 

0.14 

0.15 

0.15 

0.16 

0.17 

0.18 

115-128 

0.03 

0.04 

0.05 

0.06 

0.07 

0.08 

0.08 

0.09 

0.10 

0.11 

0.12 

0.12 

0.13 

0.14 

0.15 

0.16 

0.17 

130-149 

0.03 

0.04 

0.04 

0.05 

0.06 

0.07 

0.07 

0.08 

0.09 

0.09 

0.10 

0.11 

0.11 

0.12 

0,13 

0.14 

0.14 

150-169 

0.03 

0.03 

0.04 

0.04 

0.05 

0.06 

0.06 

0.07 

O.OS 

0,08 

0.09 

0.09 

0.10 

0.11 

0.11 

0.12 

0.13 

170-189 

0.02 

0.03 

0.03 

0.04 

0.04 

0.05 

0.06 

0.06 

0.07 

0.07 

0.08 

0.08 

0.09 

0.09 

0.10 

0.11 

0.11 

190-214 

0.02 

0.03 

0.03 

0.04 

0.04 

0.05 

0.05 

0.06 

0.06 

0.07 

0.07 

0.08 

0.08 

0.09 

0.09 

0.10 

0.10 

215-239 

0.02 

0.02 

0.03 

0.03 

0.04 

0.04 

0.05 

0,05 

O.OS 

0.06 

0.06 

0.07 

0.07 

0.08 

0.08 

0.09 

0.09 

240-264 

0.02 

0.02 

0.02 

0.03 

0.03 

0.04 

0.04 

0.04 

0.05 

0.05 

0.06 

0.06 

0.06 

0.07 

0.07 

0.08 

0.08 

265-289 

0.01 

0.02 

0.02 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

0.06 

0.06 

0.07 

0.07 

0.07 

290-324 

0.01 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.07 

325-374 

0.01 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.06 

375-424 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.03 

0,03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

425-474 

0.01 

0.01 

0.01 

0,02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.04 

0.05 

475-524 

0.01 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

525-574 

0.01 

0.01 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

0,04 

575-625 

0.01 

0.01 

0.01 

0.01 

0.01 

0.02 

0.02 

0.02 

0.02 

0.02 

0.02 

0.03 

0.03 

0.03 

0.03 

0.03 

0.03 

EQUIVA- 
LENT 

TOTAL  PBBSSUEH  DKOP  IN  DUCT  (!N.  OF  WATEE) 

LENGTH  or 
DUCT  (Fr) 

0,21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.32 

0.34 

0.36 

0.38 

0,40 

0.45 

0.50 

35-44 

0,53 

0.55 

0.58 

0.60 

0.63 

0.65 

0.68 

0.70 

0.73 

0.75 

0.80 

0.85 

0.90 

0.95 

1.00 

1.13 

1.25 

45-54 

0.42 

0.44 

0.46 

0.48 

0.50 

0.52 

0.54 

0.56 

0.58 

0.60 

0.64 

0.68 

0.72 

0.76 

0.80 

0.90 

1.00 

55-64 

0.35 

0.37 

0.39 

0.40 

0.42 

0.43 

0.45 

0.47 

0.48 

0.50 

0.53 

0.57 

0.60 

0.64 

0.67 

0.75 

0.83 

65-74 

0.30 

0.32 

0.33 

0.34 

0.36 

0.37 

0.39 

0.40 

0.42 

0.43 

0.46 

0.49 

0.52 

0.54 

0.57 

0.64 

0.72 

75-84 

0.26 

0.28 

0.29 

0.30 

0.31 

0.33 

0.34 

0.35 

0.36 

0.38 

0.40 

0,43 

0.45 

0.48 

0.50 

0.56 

0.63 

85-94 

0.23 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.31 

0.32 

0.33 

0.36 

0.38 

0.40 

0.42 

0.45 

0.50 

0.56 

95-104 

0.21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.30 

0.32 

0.33 

0.36 

0.38 

0.40 

0.45 

0.50 

105-114 

0.19 

0.20 

0.21 

0.22 

0.23 

0.24 

0.25 

0.26 

0.27 

0.28 

0.29 

0.31 

0.33 

0.35 

0.37 

0.41 

0.46 

115-129 

0.18 

0.18 

0.19 

0.20 

0.21 

0.22 

0.23 

0.23 

0.24 

0.25 

0.27 

0.28 

0.30 

0.32 

0.33 

0.38 

0.47 

130-149 

0.15 

0.16 

0.16 

0,17 

0.18 

0.19 

0.19 

0.20 

0.21 

0.31 

0.23 

0.24 

0.26 

0.27 

0.29 

0.32 

0.36 

150-169 

0.13 

0.14 

0.14 

0.15 

0.16 

0.16 

0.17 

0.18 

0.18 

0.19 

0.20 

0.21 

0.23 

0.24 

0.25 

0.28 

0.31 

170-189 

0.12 

0.12 

0.13 

0.13 

0.14 

0.15 

0.15 

0.16 

0.16 

0.17 

0.18 

0.19 

0.20 

0.21 

0.22 

0.25 

0.28 

190-214 

0.11 

0.11 

0.12 

0.12 

0.13 

0.13 

0.14 

0.14 

0.15 

0.15 

0.16 

0.17 

0.18 

0.19 

0.20 

0.23 

0.25 

215-239 

0.09 

0.10 

0.10 

0.11 

0.11 

0.12 

0.12 

0.13 

0.13 

0.13 

0.14 

0.15 

0,16 

0.17 

0.18 

0.20 

0.22 

240-264 

0.08 

0.09 

0.09 

0.10 

0.10 

0.10 

0.11 

0.11 

0.12 

0.12 

0.13 

0.14 

0.15 

0.15 

0.16 

0.18 

0.20 

265-289 

0.08 

0.08 

0.08 

0.09 

0.09 

0.10 

0.10 

0.10 

0.11 

0.11 

0.12 

0.12 

0.13 

0.14 

0.15 

0.16 

0.18 

290-324 

0.07 

0.07 

0.08 

0.08 

0.08 

0.09 

0.09 

0.09 

0.10 

0.10 

0.11 

0.11 

0.12 

0.13 

0.13 

0.15 

0.17 

325-374 

0.06 

0.06 

0,07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.09 

0.09 

0.09 

0.10 

0.10 

0.11 

0.11 

0.13 

0.14 

375-424 

0.05 

0.06 

0.06 

0.06 

0.06 

0.07 

0.07 

0.07 

0.08 

0.08 

0.08 

0.09 

0.09 

0.09 

0.10 

0.11 

0.13 

425-474 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.06 

0.07 

0.07 

0.07 

0,08 

0.08 

0.09 

0.09 

0.10 

0.11 

475-524 

0.04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.06 

0.07 

0.07 

0.08 

0,08 

0.09 

0.10 

525-574 

0.04 

0.04 

0,04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.07 

0.07 

0.07 

0.07 

0.08 

0.09 

575-625 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

0.05 

0.05 

0.05 

0.05 

0.05 

0.06 

0.06 

0.06 

0.07 

0.08 

0.08 

Coils  of  copper  finned  tubing  through  which  cold  water  is  pumped  are 
available  for  cooling.  They  require  less  space  than  air  washers  and  have 
the  advantage  that  no  moisture  is  added  to  the  air  when  the  temperature 
of  the  water  rises  above  the  dew-point.  Ample  coil  surface  and  fan  capacity 
are  necessary  with  this  type  of  cooling. 

It  is  thoroughly  feasible  to  use  ice  or  mechanical  refrigeration  in  connec- 
tion with  a  warm  air  system  and  to  cool  the  building  by  this  method,  pro- 
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vided  the  building  is  reasonably  well  constructed  and  insulated.  Windows 
and  doors  should  be  tight,  and  awnings  should  be  supplied  on  the  sunny 
side  of  the  building.  See  also  Chapters  29,  36  and  37. 

Conclusions  drawn  from  studies5  conducted  in  the  University  of  Illinois 
Research  Residence,  subject  to  the  limitations  of  the  test  are : 

1.  An  uninsulated  building  of  ordinary  residential  type  may  require  the  equivalent 
of  three  tons  of  ice  in  24  hr  on  days  when  the  maximum  outdoor  temperature  reaches 
100  F  if  an  effective  temperature  of  approximately  72  deg  is  maintained  indoors. 

2.  The  use  of  awnings  at  all  windows  in  east,  south,  and  west  exposures  may  result 
in  savings  of  from  20  to  30  per  cent  in  the  required  cooling  load. 

3.  The  cooling  load  per  degree  difference  in  temperature  is  not  constant  but  in- 
creases as  the  outdoor  temperature  increases. 

4.  The  heat  lag  of  the  building  complicates  the  estimation  of  the  cooling  load  under 
any  specified  conditions  and  makes  such  estimates,  based  on  the  usual  methods  of 
computation,  of  doubtful  value. 

5.  The  seasonal  cooling  requirements  are  extremely  variable  from  year  to  year, 
and  the  ratio  between  the  degree-hours  of  any  two  seasons  occurring  within  a  10-year 
period  may  be  as  high  as  7.5  to  1.    Hence,  an  average  value  of  the  degree-hours  cool- 
ing per  season  is  comparatively  meaningless. 

6.  The  duct  system  in  a  forced-air  heating  installation  can  be  successfully  con- 
verted to  a  system  for  conveying  cool  air  for  the  purpose  of  cooling  the  structure. 
No  condensation  of  moisture  was  observed  when  the  duct  temperatures  were  not 
less  than  65  F. 

7.  Cooling  by  means  of  water  at  a  temperature  of  60  F  is  not  satisfactory  unless 
an  indoor  temperature  of  less  than  80  F  is  maintained. 

8.  In  the  selection  of  cooling  coils,  the  additional  frictional  resistance  of  the  coil 
to  flow  of  air  must  be  given  consideration. 

9.  Cooling  the  structure  by  introducing  large  quantities  of  outdoor  air  at  night 
tended  to  reduce  the  amount  of  cooling  required  on  the  following  day,  and  was  a 
practical  means  of  providing  more  comfortable  conditions  in  those  homes  where  cool- 
ing systems  were  not  available. 

DESIGN  OF  COOLING  SYSTEM 

The  general  procedure  which  may  be  used  for  the  design  of  a  summer 
cooling  system  in  a  forced-air  installation  is: 

1.  Calculate  heat  gain  for  each  room  or  space  to  be  conditioned.    (See  Chapters 
9  and  12).    Allowance  for  addition  of  outside  air  must  be  included  in  this  calculation. 

2.  Select  a  temperature  of  air  leaving  supply  inlets.  In  University  of  Illinois 
Research  Residence  tests  a  value  of  from  65  to  70  F  was  found  satisfactory. 

3.  Determine  indoor  conditions  to  be  maintained.   In  Research  Residence  80  F 
dry-bulb  and  45  per  cent  relative  humidity  were  found  satisfactory. 

4.  Determine  the  quantity  of  air  to  be  introduced  into  each  room. 

5.  Estimate  heat  loss  in  duct  system  between  cooling  unit  and  supply  registers. 

6.  Calculate  the  sensible  and  latent  heat  to  be  removed  by  the  cooling  unit. 

7.  Determine  size  of  ducts  in  duct  system  and  size  of  registers,  as  explained  in 
this  chapter. 

8.  Determine  pressure  loss  in  duct  system  and  select  fan  having  proper  capacity. 

9.  Select  cooling  unit  from  manufacturer's  data.    Specify  temperature  and  pres- 
sure of  available  cooling  water,  voltage  and  characteristics  of  electrical  supply,  and 
method  of  control  of  apparatus. 

10.  Select  cooling  coils  from  manufacturer's  data  to  take  care  of  latent  heat  load 
and  to  give  required  drop  in  air  temperature  with  the  weight  of  air  flowing.    (See 
Chapter  35). 

11.  If  system  is  to  be  used  for  both  winter  heating  and  summer  cooling,  duct  sizes 
must  be  checked  to  insure  that  velocities  and  friction  losses  are  reasonable  for  both 
conditions  of  operation.    Adjustable  dampers  will  be  necessary  to  make  changes  in 
air  distribution  for  the  two  seasons.    Provision  must  also  be  made  for  changing  fan 
speeds  for  summer  and  winter  operation. 
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CHAPTER  20 

STEAM  HEATING  SYSTEMS  AND  PIPING 

Classification  of  Steam  Heating  Systems  by  Types;  One-pipe;  Two-pipe, 
Sub -atmospheric  and  Orifice  Systems;  Sizing  Piping  for  Steam  Heating 
Systems;  Pressure  Reducing  Valves;  Boiler  Connections;  Condensate 
Return  Pumps;  Vacuum  Heating  Pumps;  Traps;  Drips;  Con- 
nections to  Heating  Units;   Control   Valves 


OiTEAM  heating  systems  may  be  classified  according  to  any  one  of, 
lj  or  combination  of,  the  following  features:  (1)  by  the  piping  arrange- 
ment, (2)  by  the  pressure  or  vacuum  conditions  obtained  in  operation, 
(3)  by  the  method  of  returning  condensate  to  the  boiler. 

1.  By  Piping  Arrangement,    A  steam  heating  system  is  known  as  a  one-pipe  system 
when  a  single  main  serves  the  dual  purpose  of  supplying  steam  to  the  heating  unit 
and  conveying^  condensate  from  it.    Ordinarily,  to  each  heating  unit  there  is  but  one 
connection  wnich  must  serve  as  both  the  supply  and  the  return,  although  separate 
supply  and  return  connections  may  be  used. 

A  steam  heating  system  is  known  as  a  two-pipe  system  when  each  heating  unit  is 
provided  with  two  piping  connections  and  when  steam  and  condensate  flow  in  sepa- 
rate mains  and  branches. 

Heating  systems  may  also  be  described  as  up-flow  or  down-flow  depending  on  the 
direction  of  steam  flow  in  the  risers ;  and  as  a  dry-return  or  a  wet-return  depending  on 
whether  the  condensate  mains  are  above  or  below  the  water  line  of  the  boiler  or  con- 
densate receiver. 

2.  By  Pressure  or  Vacuum  Conditions.    Steam  heating  systems  may  also  be  classi- 
fied as  high  pressure,  low  pressure,  vapor,  and  vacuum  systems,  depending  on  the 
pressure  conditions  under  which  the  system  is  designed  to  operate. 

A  system  is  known  as  a  high  pressure  system  when  the  operating  pressures  employed 
are  above  15  psig;  as  a  low  pressure  system  when  pressures  vary  from  0  to  15  psig;  as 
a  vapor  system  when  the  system  operates  under  both  vacuum  and  low  pressure  condi- 
tions without  the  use  of  a  vacuum  pump;  and  as  a  vacuum  system  when  the  system 
operates  under  vacuum  and  low  pressure  conditions  with  the  use  of  vacuum  pump. 

When  automatic  controls  are  employed  to  vary  the  pressure  conditions  in  the  sys- 
tem in  accordance  with  outside  weather  conditions,  trie  system  may  be  known  as  a 
sub-atmospheric,  differential,  or  synchronized  system.  These  latter  classifications  are 
proprietary  designations. 

When  orifices  are  employed  on  the  inlets  to  the  heating  units  the  system  may  be 
known  as  an  orifice  system. 

3.  By  Method  of  Returning  Condensate.    When  condensate  is  returned  to  the  boiler 
by  gravity,  the  system  is  known  as  a  gravity  return  system.    In  this  system  all  heat- 
ing units  must  be  elevated  sufficiently  above  the  water  line  of  the  boiler,  so  that  the 
condensate  can  flow  freely  to  the  boiler.    Elevation  of  the  heating  units  above  the 
water  line  must  therefore  be  sufficient  to  overcome  pressure  drops  due  to  flow  as  well 
as  pressure  differences  due  to  operation. 

Referring  to  Fig.  1  it  will  be  noted  that  the  boiler  and  wet-return  form  a  U-shaped 
container,  with  the  boiler  steam  pressure  on  the  top  of  the  water  at  one  end  and  the 
steam  main  pressure  on  the  top  of  the  water  at  the  other  end.  The  difference  between 
these  two  pressures  is  the  pressure  drop  in  the  system,  i.e.,  the  friction  and  resistance 
to  the  flow  of  steam  in  passing  from  the  boiler  to  the  far  end  of  the  main  and  the 
pressure  reduction  in  consequence  of  the  condensation  occurring  in  the  system. 
The  water  in  the  far  end  will  rise  sufficiently  to  overcome  this  difference  in  order  to 
balance  the  pressures,  and  it  will  rise  far  enough  to  produce  a  flow  through  the  return 
pipe  and  overcome  the  resistance  of  check  valves,  if  installed. 

If  a  one-pipe  steam  system  is  designed,  for  example,  for  a  total  pressure  drop  of 
i  psi,  and  utilises  a  Hartford  return  connection  instead  of  a  check  valve  on  the  return, 
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the  rise  in  the  water  level  at  the  far  end  of  the  return,  due  to  the  difference  in  steam 
pressure,  would  be  J  of  28  in.  (28  in.  head  being  equal  to  one  pound  per  square  inch), 
or  3|  in.  Adding  3  in.  to  overcome  the  resistance  of  the  return  main,  and  6  in.  as  a 
factor  of  safety  for  heating  up,  gives  12J  in.  as  the  distance  the  bottom  of  the  lowest 
part  of  the  steam  main  and  all  heating  units  must  be  above  the  boiler  water  line. 
The  same  system,  however,  installed  and  sized  for  a  total  pressure  drop  of  J  psi,  and 
with  a  check  in  the  return,  would  require  |  of  28  in.,  or  14  in.  for  the  difference  in 
steam  pressure,  3  in.  for  the  flow  through  the  return,  4  in.  to  operate  the  check,  and 
6  in.  for  a  factor  of  safety,  making  a  total  of  27  in.  as  the  required  distance.  Higher 
pressure  drops  would  increase  the  distance  accordingly. 

When  conditions  are  such  that  condensate  cannot  be  returned  to  the  boiler  by  the 
action  of  gravity,  and  either  traps  or  pumps  must  be  employed,  the  system  is  known 
as  a  mechanical  return  system.  There  are  three  general  types  of  mechanical  con- 
densate return  devices  in  common  use:  (a)  the  alternating  return  trap,  (6)  the  con- 
densate return  pump,  and  (c)  the  vacuum  return  pump. 

In  systems  where  pressure  conditions  in  the  system  vary  between  that  of  a  gravity 
return  and  a  forced  return  system,  a  boiler  return  trap  or  alternating  receiver  is 
employed  and  the  system  may  be  known  as  an  alternating  return  system. 

When  condensate  is  pumped  to  the  boiler  under  pressures  of  the  atmosphere  or 
above,  the  system  is  known  as  a  condensate  pump  return  system. 


Boiler  steam  pressure 

i  /, 


Steam  pressure  at 
end  of  main 

',  Return  water 


^-Water  line  of  boiler.   ~fHr     line 


STEAM  MAIN 


FIG.  1.  DIFFERENCE  IN  STEAM  PRESSURE 

ON  WATER  IN  BOILER  AND  AT  END 

OF  STEAM  MAIN 


FIG.  2.  TYPICAL  TWO-PIPE  CONNECTIONS 
TO  UNIT  HEATERS  IN  ONE-PIPE  AIR 

VENT  SYSTEMS 


When  condensate  is  pumped  to  the  boiler  under  vacuum  conditions,  the  system  is 
known  as  a  vacuum  pump  return  system. 

In  either  the  condensate  or  vacuum  pump  systems  it  is  highly  desirable  to  arrange 
for  gravity  flow  toja,  receiver  and  to  the  pump.  The  pump  then  forces  condensate 
into  the  boiler  against  its  pressure. 

ONE-PIPE  SYSTEMS 

One-pipe  systems,  as  previously  defined,  are  systems  in  which  steam  and 
condensate  flow  in  the  same  pipe.  Radiators  and  other  heating  units,  in 
general,  have  only  one  piping  connection  from  main  to  unit,  although  it 
is  possible  to  employ  two  connections  to  the  same  main  as  indicated  in 
Fig.  2.  Unit  heaters  in  one-pipe  systems  may  also  have  separate  connec- 
tions to  the  wet-return  as  shown  in  Fig.  5  Chapter  24. 

There  are  several  variations  in  the  piping  arrangement  of  a  one-pipe 
system  as  follows : 

1.  Up-feed  one-pipe  systems  where  the  radiators  and  other  heating  units  are  lo- 
cated above  the  supply  mains.    The  mains  in  this  instance  convey  both  steam  and 
condensate.    Such  a  system  is  illustrated  in  Fig.  3.    Typical  connections  to  radiator 
or  risers  are  illustrated  in  Fig.  4,  and  method  of  changing  sizes  of  mains  in  Fig.  5, 

2.  Up-feed  one-pipe  systems  where  the  radiators  and  other  heating  units  are  lo- 
cated above  the  mams,  and  the  mains  are  dripped  at  each  radiator  connection  to  a  wet- 
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AIR  VALVE 


AIR   VENT 


RETURN    MAIN 


^.      SUPPLY    MAIN 


BOILER  WATER  LINE 


"HARTFORD    RETURN   CONNECTION 

FIG.  3.  TYPICAL  UP-FEED  GRAVITY  ONE-PIPE  AIR- VENT  SYSTEM 

return,  so  that  the  steam  main  carries  a  minimum  of  the  condensate.  This  system  is 
illustrated  in  Fig.  6.  Typical  connections  to  radiators  and  risers  are  illustrated  in 
Fig.  7.  Up-feed  systems  are  not  recommended  for  systems  higher  than  four  stories. 
3.  Down-feed  one-pipe  systems,  where  the  radiators  and  other  heating  units  are 
located  below  the  supply  main.  In  this  arrangement  only  risers  and  connections  to 
heating  units  convey  both  steam  and  condensate,  and  both  are  flowing  in  the  same 
direction.  The  steam  main  is  kept  relatively  free  of  condensate  by  dripping  through 
the  drop  risers. 

Each  radiator  or  heating  unit  in  a  one-pipe  system  must  be  supplied 
with  a  thermostatic  air  valve  which  functions  to  relieve  air  from  the  heat- 
ing unit  under  pressure,  and  to  close  when  steam  itself  heats  the  thermo- 
static element  of  the  valve. 

To  improve  steam  circulation  in  one-pipe  systems  quick- vent  air  valves 
should  be  provided  at  the  ends  and  at  intermediate  points  where  the  steam 
main  is  brought  to  a  higher  elevation,  or  where  dropped  below  the  water 
line.  It  is  desirable  to  install  the  air-vent  valves  about  a  foot  ahead  of 
the  drips,  as  indicated  in  Fig.  6,  to  prevent  possible  damage  to  their 
mechanisms  by  water. 

Air  valves  are  of  two  general  types,  the  pressure  and  the  vacuum  types. 
The  pressure  type  permits  the  inflow  of  atmospheric  air  to  the  system 
when  the  steam  pressure  in  the  system  falls  below  atmospheric  pressure. 
The  vacuum  type,  which  contains  a  small  check  valve,  prevents  the  air 
from  flowing  back  to  the  system  and  thereby  maintains  vacuum  condi- 
tions in  the  system,  and  a  consequent  evaporation  or  generation  of  steam 
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FIG.  6.  TYPICAL  UP-FEED  GRAVITY  ONE-PIPE  AIR-VENT  SYSTEM 

or  vapor  at  sub-atmospheric  pressures,  and  at  consequent  lower  tempera- 
tures. Systems  which  use  vacuum  valves  are  known  as  vapor  or  vacuum 
one-pipe  systems.  The  vapor  or  vacuum  systems  will  maintain  a  more 
uniform  temperature  condition  than  the  pressure  systems. 

Each  heating  unit  in  a  one-pipe  system  may  also  be  provided  with  a 
valve  on  the  connection  to  the  unit,  although  this  is  not  essential  except 
to  shut  the  unit  off  in  case  it  is  not  desired  for  heating.  Valves  on  one- 
pipe  systems  must  be  either  fully  opened  or  fully  closed.  No  throttling 
or  modulating  position  can  be  maintained  since,  if  a  valve  is  partially 
closed,  condensate  will  not  drain  from  the  unit.  This  condition  is  dan- 
gerous because  it  may  create  a  low  water  condition  in  the  boiler  with  con- 
sequent burning  or  cracking  of  the  boiler,  or  create  a  hazard  due  to  the 
freezing  of  the  water-logged  heating  unit  itself, 

TWO-PIPE  SYSTEMS 

Two-pipe  systems,  as  previously  defined,  are  systems  in  which  steam 
and  condensate  flow  in  separate  pipes.  Two-pipe  systems  operate  under 
either  high  pressure,  low  pressure,  vapor,  or  vacuum  conditions.  Either 
the  up-flow  or  the  down-flow  arrangement  of  mains  may  be  employed. 


FIG.  7.  TYPICAL  STEAM  RtrNOtrr 
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Two-Pipe  High  Pressure  Systems 

Two-pipe  high  pressure  systems  operate  at  pressures  above  15  psig, 
usually  from  30  to  150  psig.  Large  industrial  type  buildings,  which  are 
equipped  with  unit  heaters  or  large  built-up  fan  units,  usually  use  high 
pressure  steam  systems. 

Fig.  8  illustrates  a  typical  high  pressure  system.  Because  of  the  high 
pressures  and  the  great  differential  between  steam  and  return  mains,  it 
is  possible  to  locate  returns  above  the  heating  units  and  lift  the  condensate 
to  these  returns. 

The  condensate  can  be  flashed  into  steam  in  low  pressure  mains  if  any 
are  available,  or  passed  through  an  economizer  heater  before  being  dis- 
charged to  a  vented  receiver.  It  is,  of  course,  necessary  to  provide  for  the 
elimination  of  air  from  high  pressure  systems,  the  same  as  in  low  pressure 
systems. 
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FIG.  8.  TYPICAL  HIGH  PRESSURE  HEATING  SYSTEM 

Return  traps  used  on  high  pressure  systems  are  usually  of  the  bucket, 
inverted  bucket,  float  or  impulse  type. 

Two-Pipe  Low  Pressure  Systems 

Low  pressure  systems  operate  at  pressures  of  0  to  15  psig.  The  piping 
arrangement  of  both  up-feed  and  down-feed  low  pressure  systems  is  iden- 
tical with  those  of  two-pipe  vapor  systems  described  in  the  following  sec- 
tion. The  only  difference  between  the  two  systems  is  in  the  type  of  air 
valve  used.  The  air  valves  used  in  low  pressur^  systems  do  not  contain  the 
check  discs  and  hence,  the  system  cannot  operate  under  vacuum  conditions. 
The  low  pressure  systems  are  not  as  popular  as  the  vapor  systems,  because 
they  have  the  disadvantage  of  not  holding  heat  when  the  rate  of  steam 
generation  is  diminishing.  They  also  have  the  disadvantage  of  corroding 
to  a  greater  extent  than  vapor  systems,  due  to  the  continued  presence  of 
new  air  in  the  system. 

Low  pressure  systems  have  the  advantage  however  of  returning  con- 
densate to  the  boiler  readily  and  not  retaining  it  in  the  piping,  as  may  be 
possible  in  vapor  systems. 
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FIG.  9.  TYPICAL  INSTALLATION  USING  CONDENSATE  PUMP 

Fig.  9  illustrates  a  typical  low  pressure  system  with  eondensate  pump. 

Two-Pipe  Vapor  Systems 

Two-pipe  vapor  systems  operate  at  pressures  varying  from  30  in.  vacuum 
to  15  psig  without  the  use  of  a  vacuum  pump.  A  typical  two-pipe  up-feed 
vapor  system  is  shown  in  Fig.  10,  and  a  typical  two-pipe  down-feed  system 
is  illustrated  in  Fig.  1 1 .  The  method  of  dripping  drop  risers  in  a  down-feed 
system  is  illustrated  in  Fig.  12.  Radiators  discharge  their  condensate  and 
air  through  thermostatic  traps  to  the  dry-return  main.  Air  is  eliminated, 
when  the  system  is  under  pressure,  at  the  ends  of  the  supply  and  return 
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*  Proper  piping  connections  are  essential  with  special  appliances  for  pressure  equalizing  and  air  elimination . 
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FIG.  11.  TYPICAL  DOWN-FEED  TWO-PIPE  SYSTEM 

mains  just  before  they  drop  to  the  wet  return.  The  air  valves  are  of  the 
float  and  thermostatic  type  which  opens  when  cool  air  contracts  the  thermo- 
static  element,  and  closes  when  steam  expands  the  element.  The  float 
element  of  the  valve  closes  the  valve  when,  due  to  pressure  differences, 
water  rises  to  the  point  of  overflow  in  the  main.  The  air  valves  are  also 
provided  with  a  small  check  disc  which  closes  to  prevent  the  inflow  of  air 
to  the  system  when  the  pressure  drops  below  atmospheric  pressure.  This 
enables  the  system  to  operate  under  vacuum  conditions  at  lower  steam 
temperatures  for  a  period  of  four  to  eight  hours,  depending  on  the  tightness 
of  the  system. 

Vapor  systems  may  also  be  provided  with  an  automatic  return  trap  or 
alternating  receiver  which  automatically  returns  condensate  to  the  boiler 
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when  the  boiler  is  steaming  tinder  pressure  conditions  which  would  prevent 
the  return  of  condensate  by  gravity.  The  typical  connections  for  an  auto- 
matic return  trap  are  illustrated  in  Fig.  13. 

Each  heating  unit  in  a  vapor  system,  as  in  all  two-pipe  systems,  is  pro- 
vided with  a  graduated  or  modulating  valve  which  permits  the  control 
of  heat  in  the  radiator  by  varying  the  opening  of  the  valve. 

Two-Pipe  Vacuum  Systems 

Vacuum  systems  operate  under  conditions  of  both  low  pressure  and 
vacuum,  but  employ  the  use  of  a  vacuum  pump  to  insure  maintenance  of 
sub-atmospheric  pressures. 

A  typical  two-pipe  up-feed  vacuum  system  is  illustrated  in  Fig.  14, 
and  a  down-feed  arrangement  in  Fig.  15. 

The  return  risers  are  connected  in  the  basement  into  a  common  return 
main  which  slopes  downward  toward  the  vacuum  pump.  The  vacuum 
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FIG.  14.  TYPICAL  UP-FEED  VACUUM  PUMP  SYSTEM 

pump  withdraws  the  air  and  water  from  the  system,  separates  the  air  from 
the  water  and  expels  it  to  atmosphere,  and  pumps  the  water  back  to  the 
boiler  or  other  receiver,  which  may  be  a  feed- water  heater  or  hot  well. 
It  is  essential  that  no  connection  be  made  from  the  supply  side  to  the  return 
side  at  any  point  except  through  a  trap.  The  desirable  practice  demands 
a  return  flowing  to  the  vacuum  pump  by  an  uninterrupted  downward 
slope.  In  some  instances  local  conditions  make  it  necessary  to  drop  the 
return  below  the  level  of  the  vacuum  pump  inlet  before  the  pump  can 
be  reached.  In  such  an  event  one  of  the  advantages  of  the  vacuum  sys- 
tem is  the  ability  to  raise  the  condensate  to  a  considerable  height,  by  the 
suction  of  the  vacuum  pump,  by  means  of  a  lift  connection  or  fitting  in- 
serted in/ the  return.  The  height  the  condensate  can  be  raised  depends 
on  the  amount  of  vacuum  maintained.  It  is  preferable  to  limit  lift  con- 
nections to  a  single  lift  at  the  vacuum  pump.  A  still  more  preferable 
arrangement  is  the  use  of  an  accumulator  tank,  or  receiver  tank,  with  a 
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float  control  for  the  pump  at  the  low  point  of  the  return  main,  located 
adjacent  to  the  vacuum  pump. 

When  the  vertical  lift  is  considerable,  several  lift  fittings  should  be  used 
in  steps  as  shown  in  Fig.  16.  This  permits  a  given  lift  to  be  secured  with  a 
somewhat  lower  vacuum  than  where  the  vertical  distance  is  served  by  a 
single  lift.  Where  several  lifts  are  present  in  a  given  sy stein  at  different 
locations,  the  lifting  cannot  occur  until  the  entire  system  is  filled  with 
steam.  A  lift  connection  for  location  close  to  the  pump,  where  the  size 
may  be  above  the  commercial  stock  sizes,  is  shown  in  Fig.  17.  It  is 
desirable  that  means  be  provided  for  manually  draining  the  low  point  of 
the  lift  fittings  to  eliminate  danger  of  freezing. 

TWO-PIPE  SUB-ATMOSPHERIC  SYSTEMS 

Sub-atmospheric  systems  are  similar  to  vacuum  systems  but,  in  con- 
trast, provide  control  of  building  temperature  by  variation  of  the  heat 
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FIG.  15.  TYPICAL  DOWN-FEED  VACUUM  STSTEM 

output  from  the  radiators.  The  radiator  heat  emission  is  controlled  by 
varying  the  pressure,  temperature  and  specific  volume  of  steam  in  circu- 
lation. These  systems  differ  from  the  ordinary  vacuum  system  in  that 
they  maintain  a  controllable  partial  vacuum  on  both  the  ^  supply  and 
return  sides  of  the  system,  instead  of  only  on  the  return  side.  In  the 
vacuum  system,  steam  pressure  above  that  of  the  atmosphere  exists  in  the 
supply  mains  and  radiators  practically  at  all  times.  In  the  sub-atmos- 
pheric system,  atmospheric  pressure  or  higher  exists  in  the  steam  supply 
piping  and  radiators  only  during  severe  weather.  Under  average  winter 
temperature  the  steam  is  under  partial  vacuum  which  in  mild  weather 
may  reach  as  high  as  25  in.  Hg,  after  which  further  reduction  in  heat 
output  is  obtained  by  restricting  the  quantity  of  steam. 

The  rate  of  steam  supply  is  controlled  by  a  valve  in  the  steam  main  or 
by  thermostatically  controlling  the  rate  of  steam  production  in  the  boiler. 
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The  control  valve  may  be  of  the  automatic  modulating  or  floating  type 
governed  thermostatically  from  selected  control  points  in  the  building,  or 
it  may  be  a  special  pressure  reducing  valve  which  will  maintain  the  desired 
sub-atmospheric  pressures  by  continuous  flow  into  the  heating  main. 
In  some  systems  radiator  supply  valves  include  adjustable  orifices  or  are 
equipped  with  regulating  orifice  plates.  The  sizes  of  orifices  used  are 
larger  than  for  other  types  of  orifice  systems  because,  for  equal  radiator 
sizes,  the  volume  flowing  is  larger.  Orifices  are  omitted  on  some  systems. 
Radiator  traps  and  drips  are  designed  to  operate  at  any  pressure  from 
15  psig  to  26  in.  Hg.  A  vacuum  pump  capable  of  operating  at  high 
vacuum  is  preferable  to  promote  accuracy  in  the  distribution  of  steam 
throughout  the  system,  particularly  in  mild  weather.  This  vacuum  is 
partially  self-induced  by  the  condensation  of  the  steam  in  the  system 
under  conditions  of  restricted  supply  used  for  reduction  of  the  radiator 
heat  emission. 

The  returns  must  grade  downward  constantly  and  uninterruptedly  from 
the  radiator  return  outlets  to  the  inlet  of  the  receiver  of  the  vacuum  pump. 
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One  radical  difference  between  this  and  the  ordinary  vacuum  system  is 
that  no  lifts  should  be  made  in  the  return  line,  except  at  the  vacuum 
pump.  The  receivers  are  placed  at  a  lower  level  than  the  pump,  and 
equipped  with  float  control  so  that  the  pump  may  operate  as  a  return 
pump  under  night  conditions.  The  system  may  be  operated  in  the  same 
manner  as  the  ordinary  vacuum  system  when  desired. 

Steam  for  heating  domestic  hot  water  should  be  taken  from  the  boiler 
header  back  of  the  control  valve  so  that  pressures  sufficiently  high  for 
heating  the  water  may  be  maintained  on  the  heater.  The  sub-atmos- 
pheric method  of  heating  can  be  used  for  the  heating  coils  of  ventilating 
and  air  conditioning  systems.  The  flexible  control  of  heat  output  secured 
by  this  method  materially  reduces  the  required  size  of  by-pass  around  the 
heaters.  Some  applications  of  sub-atmospheric  systems  are  proprietary. 

TWO-PIPE  ORIFICE  SYSTEMS 

Orifice  steam  heating  systems  may  have  piping  arrangements  identical 
with  vacuum  systems.  Some  of  these  omit  the  radiator  thermostatic 
traps,  but  use  thermostatic  or  combination  float  and  thermostatic  traps 
on  all  drip  points.  A  return  condensate  pump  with  receiver  vented  to 
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atmosphere,  a  return  line  vacuum  pump,  or  a  return  trap,  is  generally 
used  to  return  the  condensate  to  the  boiler  or  place  of  similar  disposition, 
such  as  a  feed-water  heater  or  hot  well.  The  heat  emission  from  the 
radiators  is  controlled  by  varying  the  pressure  differential  maintained. 

The  principle  on  which  these  systems  operate  is  based  on  the  fact  that 
the  steam  flow  through  an  orifice  will  vary  with  square  root  of  pressure  drop 
when  the  ratio  of  the  absolute  pressures  on  the  two  sides  of  the  orifice 
exceeds  58  per  cent.  If  the  absolute  pressure  on  the  outlet  side  is  less 
than  58  per  cent  of  the  absolute  pressure  on  the  inlet  side,  no  further  increase 
in  flow  will  be  obtained  as  a  result  of  the  increased  pressure  difference. 
If  an  orifice  is  so  designed  in  size  as  to  exactly  fill  a  radiator  with  2  psig 
on  one  side  and  J  psig  on  the  other,  the  absolute  pressure  relation  is  : 

14.7  +  0.25 


14  7  4-  2  0 


°*9°  °r  9°  per  cent* 


Should  the  steam  pressure  be  dropped  to  }  psig  on  the  supply  pipe,  the 
pressure  on  each  side  of  the  orifice  would  be  balanced  and  no  steam  flow 
would  take  place.  From  this  it  will  be  apparent  that  if  an  orifice  of  a 
given  diameter  will  fill  a  given  radiator  with  steam  when  there  is  a  given 
pressure  on  the  main,  reducing  this  steam  main  pressure  will  permit  filling 
various  desired  portions  of  the  radiator  down  to  the  point  where  the  main 
pressure  equals  the  back  pressure  in  the  radiator,  provided  the  supply  pipe 
pressures  may  be  controlled  sufficiently  close.  If  orifices  are  designed  on 
a  similar  basis  for  a  given  system  and  proportioned  to  the  heating  capacity 
of  the  radiators  they  serve,  all  radiators  will  heat  proportionately  to  the 
steam  pressure.  The  range  of  pressure  variation  is  limited  by  the  per- 
missible noise  level  of  the  steam  flowing  under  the  pressure  difference 
required  for  maximum  heat  output.  The  control  of  the  steam  supply  is 
obtained  by  a  valve  placed  in  the  steam  main,  which  maintains  a  deter- 
mined pressure  by  varying  the  vacuum  in  the  return  lines,  or  by  varying 
the  pressure  in  the  supply  lines  and  the  vacuum  in  the  returns.  The 
valves  are  frequently  set  manually  from  a  remote  location,  guided  by  tem- 
perature indicating  stations  in  the  building;  or  thermostatically  controlled 
from  a  thermostat  on  the  roof,  which  automatically  measures  the  dif- 
ferential of  outside  and  inside  temperatures.  Since  the  range  through 
which  the  pressures  may  be  varied  is  usually  from  0  to  4  psig,  the  control 
should  be  capable  of  maintaining  close  regulation  to  maintain  the  desired 
space  temperatures,  particularly  in  mild  weather. 

A  recommended  orifice  schedule  is  shown  in  Table  1.  Some  systems 
use  orifices  not  only  in  radiator  inlets,  but  also  at  different  points  in  the 
steam  supply  piping  for  the  purpose  of  balancing  the  system  to  a  greater 
extent.  In  this  manner  the  difference  between  the  initial  and  terminal 
pressure  in  the  steam  main  may  be  compensated  to  a  great  extent.  For 
example,  if  the  initial  pressure  is  3  psig  and  the  pressure  at  the  end  of 
the  main  is  2  psig,  an  orifice  could  be  used  in  each  branch  for  the  purpose 
of  obtaining  a  more  uniform  pressure  throughout  the  system.  Such  a 
provision  may  be  particularly  useful  in  this  system  for  branches  close 
to  the  boiler  where  the  drop  in  the  main  has  not  yet  been  produced. 
Some  orifice  systems  are  proprietary. 

SIZING  PIPING  FOR  STEAM  HEATING  SYSTEMS 

The  functions  of  the  piping  system  are  the  distribution  of  the  steam, 
the  return  of  the  condensate  and,  in  systems  where  no  local  air  vents  are 
provided,  the  removal  of  the  air.  The  distribution  of  the  steam  should  be 
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TABLE  I.    ORIFICE  CAPACITIES  FOR  Low  PRESSURE  STEAM  SYSTEMS 

This  table  IB  based  on  data  from  actual  tests* 


ORIFICE 

DIAMETER 

6  IN.  HG 

5  IN.  HG 

4  IN.  HG 

2  IN.  HG 

1  IN.  HG 

64THS  OF 

DIFFERENTIAL 

DIFFERENTIAL 

DIFFERENTIAL 

DIFFERENTIAL 

DIFFERENTIAL 

AN  INCH 

Capacity  Expressed  In  Square  Feet  E  D  R 

7 

18-23 

16-21 

15-19 

10-13 

8 

23-29 

21-27 

19-25 

13-17 

8-11 

9 

29-36 

27-33 

25-30 

17-21 

11-14 

10 

36-44 

33-40 

30-37 

21-26 

14-17 

11 

44-52 

40-48 

37-44 

26-31 

17-20 

12 

52-62 

48-57 

44-51 

31-37 

20-24 

13 

62-72 

57-66 

51-59 

37-43 

24-28  . 

14 

72-83 

66-76 

59-67 

43-49 

28-32 

15 

83-94 

76-86 

67-76 

49-56 

32-37 

16 

94-106 

86-97 

76-86 

56-64 

37-42 

17 

106-119 

97-109 

86-97 

64-72 

42-47 

18 

119-133 

109-122 

97-108 

72-80 

47-52 

19 

133-148 

122-135 

108-120 

80-88 

52-58 

20 

148-163 

135-149 

120-133 

88-98 

58-64 

21 

163-179 

149-164 

133-145 

98-107 

64-71 

Capacity  Expressed  in  Pounds  per  Hour 

7 

4.5-5.8 

4.0-5.3 

3.8-4.8 

2.5-3.3 

S 

5.8-7.3 

5.3-6.8 

4.8-6.3 

3.3-4.3 

2.0-2.8 

9 

7.3-9.0 

6.8-8.3 

6.3-7.5 

4.3-5.3 

2.8-3.5 

10 

9.0-11.0 

8.3-10.0 

7.5-9.3 

5.3-6.5 

3.5-4.3 

11 

11.0-13.0 

10.0-12.0 

9.3-11.0 

6.5-7.8 

4.3-5.0 

12 

13.0-15.5 

12.0-14.3 

11.0-12.8 

7.8-9.3 

5.0-6.0 

13 

15.5-18.0 

14.3-16.5 

12.8-14.8 

9:3-10.8 

6.0-7.0 

14 

18.0-20.8 

16.5-19.0 

14.8-16.8 

10.8-12.3 

7.0-S.O 

15 

20.8-23.5 

19.0-21.5 

16.8-19,0 

12.3-14.0 

8.0-9.3 

16 

23.5-26.5 

21.5-24.3 

19.0-21.5 

14.0-16.0 

9.3-10.5 

17 

26.5-29.8 

24.3-27.3 

21.5-24.3 

16.0-18.0 

10.5-11.8 

18 

29.8-33.3 

27.3-30.5 

24.3-27.0 

18.0-20.0 

11.8-13.0 

19 

33.3-37.0 

30.5-33.8 

27.0-30.0 

20.0-22.0 

13.0-14.5 

20 

37.0-40.8 

33.8-37.3 

30.0-33.3 

22.0-24.5 

14.5-16.0 

21 

40.8-44.S 

37.3-41.0 

33.3  36.3 

24.5-26.8 

16.0-17.8 

Note.— The  radiator  orifice  plates  recommended  in  this  table  are  made  of  brass  stampings  0.023  in.  thick, 
cup-shaped  to  be  inserted  in  radiator  valve  unions. 

*  Mow  of  Steam  Through  Orifices  into  Radiators,  by  S.S.  Sanford  and  C.  B.  Sprenger  (A.S.H.VJE. TRANS- 
ACTIONS, Vol.  37, 1931,  p.  371). 

rapid,  uniform  and  without  noise,  and  the  release  of  air  should  be  facili- 
tated as  much  as  possible,  as  an  air  bound  system  will  not  heat  readily 
nor  properly.  In  designing  the  piping  arrangement  it  is  desirable  to 
maintain  equivalent  resistances  in  the  supply  and  return  piping  to  and 
from  a  radiator.  Arranging  the  piping  so  the  total  distance  from  the 
boiler  to  the  radiator  is  the  same  as  the  return  piping  distance  from  the 
heating  unit  back  to  the  boiler,  tends  to  obtain  such  a  result.  The 
condensate  which  occurs  in  steam  piping  as  well  as  in  radiators  must 
be  drained  to  prevent  impeding  the  ready  flow  of  the  steam  and  air.  The 
effect  of  back  pressure  in  the  returns  and  excessive  re-vaporization,  such 
as  occurs  where  condensate  is  released  from  pressures  considerably  higher 
than  the  vacuum  or  pressure  in  the  return,  must  be  avoided. 

It  is  important  that  steam  piping  systems  distribute  steam  not  only  at 
full  design  load,  but  during  excess  and  partial  loads.  Usually  the  average 
winter  steam  demand  is  less  than  half  of  the  demand  at  the  design  outside 
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temperature.  Moreover,  in  rapidly  warming  up  a  system  even  in  moder- 
ate weather,  the  load  on  the  steam  main  and  returns  may  exceed  the 
maximum  operating  load  for  severe  weather,  due  to  the  necessity  of  raising 
the  temperature  of  the  metal  in  the  system  to  the  steam  temperature,  and 
the  building  to  the  design  indoor  temperature.  Investigations  of  the 
return  of  condensate  have  revealed  that  as  high  as  143  per  cent  of  the 
design  condensation  rate  may  exist  under  conditions  of  actual  operation. 
The  piping  design  of  a  heating  system  is  greatly  influenced  by  its  operat- 
ing characteristics.  Heating  systems  do  not  operate  under  constant  condi- 
tions as  conditions  change  continually,  due  to  variation  in  load.  As 
the  system  is  being  filled  with  steam,  the  pressures  existing  in  various 
locations  may  be  different  from  those  which  exist  for  appreciable^periods 
at  other  locations,  although  at  equilibrium  conditions  the  pressures  are 
approximately  the  same.  In  designing  piping  it  is  of  especial  importance 
to  arrange  the  system  to  preclude  trouble  caused  by  such  pressure  dif- 
ferences. The  systems  which  readily  release  the  air,  permit  uniform 


300     30 


16  24  32 

ELAPSED  TIME,  MINUTES 

RELATION  BETWEEN  ELAPSED  TIME,  STEAM  PEESSURE,  CONDENSATE  AND 
AIK  ELIMINATION  RATES 


pressures  to  be  attained  in  much  shorter  time  intervals  than  those  which 
are  sluggish.  Results  are  given  in  Fig.  18  from  investigations1  to  deter- 
mine the  rate  of  condensate  and  air  return  from  a  two-pipe  gravity  heating 
system.  Variations  in  the  steam  pressure  during  the  warming-up  period, 
when  the  rate  of  air  elimination  and  condensation  is  high,  are  clearly 
indicated  in  these  curves. 

It  is  evident  that  the  condensate  flow  during  the  initial  warming-up 
period  reaches  a  peak,  which  is  greater  than  the  constant  condensing 
rate  eventually  reached  when  the  pressure  becomes  uniform.  Moreover, 
the  peak  condensing  rate  is  obtained  when  the  system  steam  pressure  is 
lower  than  that  existing  during  a  period  of  constant  condensing  rate.  It 
will  also  be  noted  that  the  peak  rate  of  air  elimination  does  not  coincide 
with  the  higher  condensing  rate. 

Steam  Flow 

The  rate  of  flow  of  dry  steam  or  steam  with  a  small  amount  of  water 
flowing  in  the  same  direction,  is  in  accordance  with  the  general  laws  of  gas 
flow,  and  is  a  function  of  the  length  and  diameter  of  the  pipe,  the  density 
of  the  steam,  and  the  pressure  drop  through  the  pipe.  This  relationship 
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TABLE  2.    FLOW  OF  STEAM  IN  PIPES 


P  =  loss  in  pressure  in  pounds  per  square  inch. 
D  =  inside  diameter  of  pipe  in  inches. 
L  =  length  of  pipe  in  feet. 
d  «  weight  of  1  cu  ft  of  steam. 
W  =  pounds  of  steam  per  hour. 

P  =  0.0000000367  (  1  +  - 


W  «  5220 


- 


PSSBSURB 

Loss 
m 
OUNCES 

COL.  1 

PIPE  SIZE 

INTERNAL 
AREA  OF 
PIPE 
SQ  INCHES 

COL.  2 

AVG 

STEAM 
PRESS. 

PSIQ 

CoL.3 

LENGTH 
OP  PIPE 

IN 

FEET 

COL.  4 

V? 

s22°Vw 

Nominal 

Actual 
Internal 
Diameter 

VT 

/      D* 

v+-£ 

0.25 

65.28 

1 

1.049 

0.864 

0.536 

-1.0a 

0.187 

20 

2.240 

0.50 

92.28 

IK 

1.380 

1.496 

1.178 

-O.Sa 

0.190 

40 

1.580 

1.00 

130.5 

m 

1.610 

2.036 

1.828 

0.0 

0.193 

60 

1.290 

2 

184.6 

2 

2.067 

3.356 

3.710 

0.3 

0.195 

80 

1.120 

3 

226.0 

2Yz 

2.469 

4.788 

6.109 

1.3 

0.201 

100 

1.000 

4 

261.0 

3 

3.068 

7.393 

11.183 

2.3 

0.207 

120 

0.912 

5 

291.8 

VA 

3.548 

9.887 

16.705 

5.3 

0.223 

140 

0.841 

6 

319.7 

4 

4,026 

12.730 

23.631 

10.3 

0.248 

160 

0.793 

7 

345.3 

4^ 

4.506 

15.947 

32.134 

15.3 

0.270 

180 

0.741 

S 

369.3 

5 

5.047 

20.006 

43.719 

20.3 

0.290 

200 

0.710 

10 

412.7 

6 

6.065 

28.886 

71.762 

30.3 

0.326 

250 

0.632 

12 

452.0 

7 

7.023 

38.743 

106.278 

40.3 

0.358 

300 

0.578 

14 

488.3 

8 

7.981 

50.027 

149.382 

50.3 

0.388 

350 

0,538 

16 

522.0 

9 

8.941 

62.786 

201.833 

60.3 

0.415 

400 

0.500 

20 

583.6 

10 

10.020 

78.854 

272.592 

75.3 

0.452 

450 

0.477 

24 

639.3 

12 

12.000 

113.098 

437.503 

100.3 

0.507 

500 

0.447 

28 

690.5 

14 

13.250 

137.880 

566.693 

125.3 

0.557 

600 

0.407 

32 

738.2 

16 

15.250 

182.655 

816.872 

150.3 

0.603 

700 

0.378 

40 

825.4 

Column  1X2X3X4-  Ib  of  steam 
per  hour  that  will  flow  through  a  straight 
pipe  for  a  given  condition. 

Example  1;    1  02  drop    —    2  in.  pipe 
—  1.3  Ib  press.  —  100  ft  equivalent  length: 

130.5  X  3.710  X  0.201  X  1  -  97.2  Ib 
97.2  X   4b   »   388.8  sq  ft  equivalent 

Table  2  does  not  allow  for  entrained  wate 
steam,  condensation  in  covered  pipe  and  ro 
mercial  pipe  as  found  in  practice. 

175.3 

0.645 

800 

0.354 

48 

904.1    • 

200.3 

0.685 

900 

0.333 

80 

1167.2 

per  hour, 
radiation. 

r  in  low-pressure 
ughnesa  in  com- 

1000 

0.316 

160 

1650.7 

1200 

,0.289 

320 

2334.5 

1500 

0.258 

480 

2859.1 

2000 

0.224 

*  Pounds  per  square  inch  gage  =  2.04  in.  Vacuum,  Mercury  Column. 
b  The  factor  4  is  the  approximate  equivalent  in  square  feet  of  steam  radi 


it  of  steam  radiation  of  1  Ib  of  steam  per  hour. 
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has  been  established  by  Babcbck  in  the  formula  given  at  the  top  of  Table 
2.  In  Columns  1,  2,  3,  and  4  of  this  table,  the  numerical  values  of  the 
factors  for  different  pressure  losses,  pipe  diameters,  steam  densities  and 
lengths  of  pipe  have  been  worked  out  in  convenient  form  so  that  the  steam 
flowing  in  any  pipe  may  be  calculated  by  multiplying  together  the  proper 
factors  in  each  column,  as  shown  in  the  example  at  the  bottom  of  the  table. 

Pipe  Sizes 

The  determination  of  pipe  sizes  for  a  given  load  in  steam  heating  depends 
on  the  following  principal  factors : 

1.  The  initial  pressure  and  the  total  pressure  drop  which  may  be  allowed  between 
the  source  of  supply  and  at  the  end  of  the  return  system. 

2.  The  maximum  velocity  of  steam  allowable  for  .quiet  and  dependable  operation 
of  the  system,  taking  into  consideration  the  direction  of  condensate  flow. 

3.  The  equivalent  length  of  the  run  from  the  boiler  or  source  of  steam  supply  to 
the  farthest  heating  unit. 

4.  The  direction  of  flow  of  the  condensate,  whether  against  or  with  the  steam. 

Initial  Pressure  and  Pressure  Drop 

"  Theoretically,  ,there  are  several  factors  to  be  considered  such  as  initial 
pressure  and  pressure  required  at  the  end  of  the  line,  but  it  is  most  impor- 
tant that;  (1)  the  total  pressure  drop  does  not  exceed  the  initial  gage 
pressure- of  the  system,  and  in  actual  practice  it  should  never  exceed  one- 
half  of  the  initial  gage  pressure ;  (2)  the  pressure  drop  is  not  so  great  as  to 
cause  excessive  velocities;  (3)  there  is  a  constant  initial  pressure,  except 
on  systems  specially  designed'for  'varying  initial  pressures,  such  as  the 
sub-atmospheric,  which  normally  operate  under  -controlled  partial  vacua 
and  orifice  and  vapor  .systems,  which  at  times  operate  under  such  partial 
vacua  as  may  be  obtained  due  to  the  condition  of  the  fire;  and  (4)  the 
rise  in  water  due  to  pressure  drop  does  not  exceed  the  difference  in  level, 
for,  gravity  .return  systems,  between  the  lowest  point  on  the  steam  main, 
the  heating  units,  or  the  dry-return,  and  the  boiler  water  line. 

All  systems  should  be  designed  for  a  low  initial  pressure  and  a  reason- 
ably small  pressure  drop  for  two  reasons :  first,  the  present  tendency  in 
steam  heating  unmistakably  points  toward  a  constant  lowering  of  pres- 
sures even  to  those  below  atmospheric;  second,  a  system  designed  in  this 
manner  will  operate  under  higher  pressures  'without  difficulty.-  When  a 
system  designed  for  a  relatively  high  initial  pressure  and  a  relatively  high 
pressure  drop  is  operated  at  a  lower  pressure,,  it  is  likely  to  be  noisy  and 
have  poor  circulation. 

The  total  pressure  drop  should  never  exceed  one-half  of  the  initial  gage 
pressure  when  condensate  is  flowing  in  the  same  direction  as  the  steam. 
Where  the  condensate  must  flow  counter  to  the  steam,  the  governing 
factor  is  the  velocity  permissible  without  interfering  with  the  condensate 
flow.  A.S.H.V.E.  Research  Laboratory  experiments  limit  this  to  the 
capacities  given  in  Table  3  for  horizontal  pipes  at  varying  grades. 

Maximum  Velocity 

The  capacity  of  a  steam  pipe  in  any  part  of  a  steam  system  depends 
upon  the  quantity  of  condensate  present,  the  direction  in  which  the  con- 
densate is  flowing,  and  the  pressure  drop  in  the  pipe.  Where  the  quantity 
of  condensate  is  limited  and  is  flowing  in  the  same  direction  as  the  steam, 
only  the  pressure  drop  need  be  considered.  When  the  condensate  must 
flow  against  the  steam,  even  in  limited  quantity,,  the  velocity  of  the  steam 
must  act  exceed  limits  above  which  the  disturbance  between  the  steam  and 
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the  counter-flowing  water  may  produce  objectionable  sounds,  such  as 
water  hammer,  or  may  result  in  the  retention  of  water  in  certain  parts  of  the 
system  until  the  steam  flow  is  reduced  sufficiently  to  permit  the  water  to 
pass.  The  velocity  at  which  such  disturbances  take  place  is  a  function  of 
(1)  the  pipe  size,  whether  the  pipe  runs  horizontally  or  vertically,  (2)  the 
pitch  of  the  pipe  if  it  runs  horizontally,  (3)  the  quantity  of  condensate 
flowing  against  the  steam,  and  (4)  freedom  of  the  piping  from  water  pockets 
which  under  certain  conditions  act  as  a  restriction  in  pipe  size. 

Reaming  Important 

Three  factors  of  uncertainty  always  exist  in  determining  the  capacity 
of  any  steam  pipe.  The  first  is  variation  in  manufacture,  which  appar- 
ently cannot  be  avoided.  The  second  is  the  care  used  in  reaming  the  ends 
of  the  pipe  after  cutting.  The  effect  of  both  of  these  factors  increases  as  the 

TABLE  3.    COMPARATIVE  CAPACITY  OP  STEAM  LINES  AT  VAKIOUS  PITCHES  FOB  STEAM 

AND  CONDENSATE  FLOWING  IN  OPPOSITE  BISECTIONS* 
Pitch  of  Pipe  in  Inches  per  10  Ft.    Velocity  in  Ft  per  Sec. 


PITCH 
OF  PIPE 

Km. 

*«. 

IIN. 

IK  IN. 

2  IN. 

3  IN. 

4  IN. 

SIN. 

•33 

' 

_. 

_. 

* 

«• 

•d 

>» 

j 

. 

_. 

Pipe 

3 

£ 

£j 

J> 

.±j 

j> 

75 

^ 

*s 

> 

.ti 

!> 

*a 

£> 

.±i 

^, 

Size 

Inches 

•3 

i 

I 

I 

B 

1 

'  I 
u 

1 

I 

I 

rt 
O 

a; 

1 

E 

! 

1 

Capacity  Expressed  in  Square  Feet  E  D  R 

H 

25.0 

12 

30.3 

14 

37.3 

18 

40.4 

19 

42.5 

20 

46.1 

21 

47.5 

22 

49.3 

23 

I 

45.8 

12 

52.6 

15 

63.0 

17 

70.0 

20 

75.2 

22 

83.0 

23 

87.9 

25 

90.2 

26 

104.9 

18 

117.2 

20 

133.0 

23 

144.5 

25 

154.0 

27 

165.0 

28 

172.6 

29 

178.2 

31 

li^ 

142.6 

IB 

159.0 

21 

181.0 

23 

196.5 

25 

209.3 

27 

224.0 

28 

234.8 

30 

242.6 

31 

2 

236.0 

19 

263.5 

20 

299.5 

23 

325.5 

25 

346.5 

27 

371.5 

28 

388.4 

29 

401.1 

30 

Capacity  Expressed  in  Founds  per  Hour 

H 

6.3 

12 

7.6 

14 

9.3 

18 

10.1 

19 

10.6 

20 

11.5 

21 

11.9 

22 

12.3 

23 

i 

11.5 

12 

13.2 

15 

15.8 

17 

17.5 

20 

18.8 

22 

20.8 

23 

22.0 

25 

22.6 

26 

26.2 

18 

29.3 

20 

33.3 

23 

36.1 

25 

38.5 

27 

41.3 

28 

43.2 

29 

44.6 

31 

"i% 

35.7 

18 

39.8 

21 

45.3 

23 

49.1 

25 

52.3 

27 

56.0 

28 

58.7 

30 

60.7 

31, 

1 

59.0 

19 

65.9 

-20 

74.9 

23 

81.4 

25 

86.6 

27 

92.4 

28 

97.1 

29 

100.3 

30 

a  Data  from  AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEEKS  Research  Laboratory. 

pipe  size  decreases.  According  to  A.S.H.V.E.  Research.  Laboratory  tests, 
either  of  these  factors  may  affect  the  capacity  of  a  1-in.  pipe  as  much  as 
20  per  cent.  The  third  factor  is  the  uniformity  in  grading  the  pipe  line. 
All  of  the  capacity  tables  given  in  this  chapter  include  a  factor  of  safety. 
However,  the  factor  of  safety  referred  to  does  not  cover  abnormal  defects 
or  constrictions,  nor  does  it  cover  pipe  not  properly  reamed. 

Equivalent  Length  of  Run 

All  tables  for  the  flow  of  steam  in  pipes,  based  on  pressure  drop,  must 
allow  for  the  friction  offered  by  the  pipe,  as  well  as  for  the  additional 
resistance  of  the  fittings  and  valves.  These  resistances  generally  are 
stated  in  terms  of  straight  pipe;  in  other  words,  a  certain  fitting  will 
produce  a  drop  in  pressure  equivalent  to  so  many  feet  of  straight  run  of 
the  same  size  of  pipe.  Table  4  gives  the  number  of  feet  of  straight  pipe 
usually  allowed  for  the  more  common  types  of  fittings  and  valves.  In  all 
pipe  sizing  tables  in  this  chapter  the  length  of  run  refers  to  the  equivalent 


Steam  Heating  Systems  and  Piping 


459 


length  of  run  as  distinguished  from  the  actual  length  of  pipe  in  feet.  The 
length  of  run  is  not  usually  known  at  the  outset;  hence  it  may  be  necessary 
to  assume  some  pipe  size  at  the  start.  Such  an  assumption  frequently  is 
considerably  in  error,  and  a  more  common  and  practical  method  is  to 
assume  the  length  of  run  and  to  check  this  assumption  after  the  pipes  are 
sized.  For  this  purpose  the  length  of  run  usually  is  taken  as  double  the 
actual  length  of  pipe. 

TABLES  FOR  PIPE  SIZING  FOR  LOW  PRESSURE  SYSTEMS2 

Tables  55  6?  and  7  are  based  on  the  actual  inside  diameters  of  the  pipe 
and  the  condensation  of  |  Ib  (4  oz)  of  steam  per  square  foot  of  equivalent 
direct  radiation  (abbreviated  EDR)  per  hour.  The  drops  indicated  are 


TABLE  4.    LENGTH  IN  FEET  OF  PIPE  TO  BE  ADDED  TO  ACTUAL  LENGTH  OF  RUN- 
OWING  TO  FITTINGS—TO  OBTAIN  EQUIVALENT  LENGTH 


SIZE  OF  PIPE 
INCHES 

LENGTH.  IN  FSET  TO  BE  ADDED  TO  RUN 

Standard  Elbow 

Side  Outlet  Tee 

Gate  Valve* 

Globe  Valve* 

Angle  Valve* 

K 

1.3 

3 

0.3 

14 

7 

H 

1.8 

4 

0.4 

18 

10 

i 

2.2 

5 

0.5 

23 

12 

iM 

3.0 

6 

0.6 

29 

15 

ij^ 

3.5 

7 

0.8 

34 

18 

2 

4.3 

S 

1.0 

46 

22 

2H 

5.0 

11 

1.1 

54 

27 

3 

6.5 

13 

1.4 

66 

34 

3M 

8 

15 

1.6 

80 

40 

4 

9 

18 

1.9 

92 

45 

5 

11 

22 

2.2 

112 

56 

6 

13 

27 

2.8 

136 

67 

S 

17 

35 

3.7 

180 

92 

10 

21 

45 

4.6 

230 

112 

12 

27 

53 

5.5 

270 

132 

14 

30 

63 

6.4 

310 

152 

a-Vaive  in  full  open  position. 

Example  of  length  in 
feet  of  pipe  to  be  added 
to  actual  length  of  run. 


Measured  Length  » '132.0  ft 

4  in.  Gate  Valve  »      1.9.ft 

.*»•*<>     4— 4  in.  Elbows  -    36.0ft 

i, &2-0 ,  -, 

-« n-i*.  '.Equivalent  Length  -  169.9  ft 


H 


drops  in  pressure  per  100  ft  of  equivalent  length  of  run.  The  pipe  is 
assumed  to  be  well  reamed  and  without  unusual  or  noticeable  defects. 
Table  5  may  be  used  for  sizing  piping  for  steam  heating  systems  by 
pre-determining  the  allowable  or  desired  pressure  drop  per  100  equivalent 
feet  of  run,  and  reading  from  the  column  for  that  particular  pressure  drop. 
This  applies  to  all  steam  mains  on  both  one-pipe  and  two-pipe  systems, 
vapor  systems,  and  vacuum  systems.  Columns  B  to  G,  inclusive,  are  used 
where  the  steam  and  condensate  flow  in  the  same  direction,  while  Columns 
H  and  I  are  for  cases  where  the  steam  and  condensate  flow  in  opposite 
directions,  as  in  risers  and  runouts  that  are  not  dripped.  Columns  J,  K, 
and  L  are  for  one-pipe  systems  and  cover  riser,  radiator  valve  and  vertical 
connection  sizes,  and  radiator  and  runout  sizes,  all  of  which  are  based  on  the 
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TABLE  5.    STEAM  PIPE  CAPACITIES  FOR  Low  PRESSURE  SYSTEMS 

(Reference  to  this  table  will  be  by  column  letter  A  through  L) 

This  table  is  based  on  pipe  size  data  developed  through  the  research  investigations  of  the 
AMEEICAN  SOCIETY  OP  HEATING  AND  VENTILATING  ENGINEERS. 


CAPACITIES  OF  STEAM  MAINS  AND  RISERS 

SPECIAL  CAPACITIES  FOR 

ONE-PIPE  SYSTEMS  ONLY 

DIRECTION  OF  CONDENSATE  FLOW  IN  PIPE  LINE 

Radi- 

PIPE 

With  the  Steam  in  One-Pipe  and  Two-Pipe  Systems 

Against  the 
Steam 

Supply 

ator 
Valves 

Radi- 
ator 

SIZE 
IN. 

&psi 

akpsi 

&psi 

ipsi 

ipsi 

$psi 

Two-Pipe  Only 

Risers 
JP", 

and 
Vertical 

and 
Riser 

or 
*0z 
Drop 

or 
|0z 
Drop 

or 
1  Oz 
Drop 

or 
20z 
Drop 

or 
4  Oz 
Drop 

or 
8  Oz 
'  Drop 

Vertical 

Hori- 
zontal 

Feed 

Con- 
nec- 
tions 

Run- 
outs 

A 

B 

C 

D 

E 

F 

Q 

H* 

/c 

J* 

K 

Z,c 

Capacity  Expressed  in  Square  Feet  E  D  R 

! 

'  



30 

— 

— 

— 

30 



25 

1 

39 

46 

56 

79 

Ill 

157 

56 

34 

45 

28 

28 

H 

'87 

100 

122 

173 

245 

346 

122 

75 

98 

62 

62 

i* 

134 

155 

190 

269 

'      380 

538 

190 

108 

152 

93 

93 

2 

273 

315 

386 

546 

771 

1,091 

386 

195 

288 

169 

169 

2i 

449 

518 

635 

898 

1,270 

1,800 

635 

395 

464 

260 

3 

822 

948 

1,160 

1,650 

2,330 

3,290 

1,130 

700 

800 



475 

3J 

1,230 

1,420 

1,740 

2,460 

3,470 

4,910 

1,550 

1,150 

1,140 



745 

4 

1,740 

2,010 

2,460 

3,480 

4,910 

6,950 

2,040 

1,700 

1,520 



1,110 

5 

3,210 

3,710 

4,550 

6,430 

9,090 

12,900 

4,200 

3,150 

_.. 

2,180 

6 

5,280 

6,100 

7,460 

10,550 

14,900 

21,100 

7,200 

5,  '600 





8 

11,000 

12,700 

15,500 

21,970 

31,070 

43,300 

15,000 

12,000 







10 

20,000 

23,100 

28,300 

40,100 

56,700 

80,2QO 

28,000 

23,000 

p 





12 

32,000 

37,100 

45,500 

64,300 

91,000 

129,000 

46,000 

38,000 

— 



16 

61,000 

69,700 

84,800 

121,000 

170,000242,000 

88,000 

76,000 

— 

— 

_ 

Capacity  Expressed  in  Pounds  per  Hour 

! 

— 



8 

-  — 

— 

— 

8 



6 

7 

10 

12 

14 

20 

28 

40 

14 

9 

11 

7 

7 

U 

22 

25 

31 

43 

61 

87 

31 

19 

20 

16 

16 

l| 

34 

39 

48 

67 

95 

135 

48 

27 

38 

23 

23 

2 

68 

79 

97 

137 

193 

273 

97 

49 

72 

42 

42 

21 

112 

130 

159 

'  225 

318 

449 

159 

99 

116 

65 

3 

206 

237 

291 

411 

581 

822 

282 

175 

200 



119 

3J 

307 

355 

434 

614 

869 

1,230 

387 

288 

286 



186 

4 

435 

503 

614 

869 

1,230 

1,740 

511 

425 

380 



278 

5 

806 

928 

1,140 

1,610 

2,270 

'3,210 

1,050 

788 



545 

6 

1,320 

1,520 

1,870 

2,640, 

3,730 

5,280 

1,800 

1,400 



,  . 

8 

2,750 

3,170 

3,880 

5,490 

7,770 

11,000 

3,750 

3,000 







10 

5,019 

5-,-790 

-7,090 

10,000 

14,200 

20,000 

7,000 

5,700 







12 

8,040 

9,290 

11,400 

16,100 

22,700 

32,200 

11,500 

9,500 







16 

15,100 

17,400 

21,200 

30,300 

42,400 

60,500 

22,000 

19,000 

— 

— 

— 

All  Horizontal  Mains  and  Down-reed  Risers 

Up- 
Feed 
Risers 

Mains 
and 
Un- 
dripped 
Run- 
outs 

Up- 
Feed 
Risers 

Radi- 
ator 
Con- 
nec- 

tions 

Run- 
outs 
Not 
Dripped 

Note.— Steam  at  an  average  pressure  of  1  psig  is  used  as  a  basis  for  calculating  capacities.    All  drops  shown 
are  in  psi  per  100  ft  of  equivalent  run— based  on  pipe  properly  reamed. 

*  Do  not  use  Column  H  for  drops  of  1/24  or  1/32  psi;  substitute  Column  Cor  Column  B  as  required 

b  Do  not  use  Column  J  for  drop  1/32  psi  except  on  sizes  3  in.  and  over;  below  3  in.  substitute  Column  B 

c  On  radiator  runouts  over  8  ft  long  increase  one  pipe  size  over  that  shown  in  Table  5. 
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critical  velocities  of  the,  steam  to  permit  the  counter  flow  of  condensate 
without  noise. 

Return  piping  may  be  sized  with  the  aid  of  Tables  6  and  7  where  pipe 
capacities  for  wet,  dry,  and  vacuum  return  lines  are  shown  for  the  pres- 
sure drops  per  100  ft  corresponding  to  the  drops  in  Table  5.  It  is  cus- 
tomary to  use  the  same  pressure  drop  on  both  the  steam  and  return  sides  of 
a  system. 

Example  2.  What  pressure  drop  should  be  used  for  the  steam  piping  of  a  system 
if  the  measured  length  of  the  longest  run  is  500  ft,  and  the  initial  pressure  is  not  to  be 
over  2-psig? 

Solution.  It  will  be  assumed,  if  the  measured  length  of j;he  longest  run  is  500  ft, 
that  when  the  allowance  for  fittings  is  added  the  equivalent  length  of  run  will  not 
exceed  1,000  ft.  Then,  with  the  pressure  drop  not  over  one-half  of  the  initial  pressure, 
the  drop  could  be  1  psi  or  less.  With  a  pressure  drop  of  1  psi  and  a  length  of  run  of 
1 ,000  ft,  the  drop  per  100  ft  would  be  TV  psi,  while  if  the  total  drop  were  £  psi,  the  drop 
per  100  ft  would  be^V  psi.  In  the  first  instance  the  pipe  could  be  sized  according  to 
Column  D  for  TV  psi  per  100  ft,  and  in  the  second  case,  the  pipe  could  be  sized  accord- 
ing to  Column  C  for  ^  psi.  On  completion  of  the  sizing,  the  drop  could  be  checked 
by  taking  the  longest  line  and  actually  calculating  the  equivalent  length  of  run  from 
the  pipe  sizes  determined.  If  the  calculated  drop  is  less  than  that  assumed,  the  pipe 
size  is  all  right ;  if  it  is  more,  it  is  probable  that  there  are  an  unusual  number  of  fittings 
involved,  and  either  the  lines  must  be  straightened  or  the  column  for  the  next  lower 
drop  must  be  used,  and  the  lines -resized.  Ordinarily,  resizing  will  be  unnecessary. 

TABLES  FOR  PIPE  SIZING  FOR  HIGH  PRESSURE  SYSTEMS 

Many  of  the  recent  installations  of  heating  systems  for  large  industrial 
type  buildings  have  been  designed  for  the  use  of  high  pressure  steam, 
that  is,  without  the  use  of  pressure  reducing  valves.  Such  systems  usually 
involve  the  use  of  unit  heaters  or  large  built-up  fan  units  with  blast  heating 
coils.  Pressures  on  these  systems  vary  from  30  to  150  psi.  Temperatures 
are  controlled  by  a  modulating  or  throttling  type  thermostatic  valve  con- 
trolled by  the  air  temperature  in  the  room,  fan  inlet  or  outlet. 

Tables  8  to  11  may  be  used  for  the  sizing  of  steam  and  return  piping  for 
systems  of  30  and  150  psi  pressure  at  various  pressure  drops.  These 
tables  are  based  on  Babcock's  formula,  and  have  been  used  as  the  basis 
of  design  for  a  number  of  years. 

SIZING  PIPING  FOR  ONE-PIPE  GRAVITY  SYSTEMS 

Gravity  one-pipe  air-vent  systems,  in  which  the  equivalent  length  of  run 
does  not  exceed  200  ft,  should  be  sized  by  means  of  Tables  5,  6  and  7  as 
follows : 

1.  For  the  steam  main  and  dripped  runouts  to  risers  where  the  steam  and  condensate 
flow  in  the  same  direction,  use  A-psi  drop  (Column  D) . 

2.  Where  the  riser  runouts  are  not  dripped  and  the  steam  and  condensate  flow  in 
opposite  directions,  and  also  in  the  radiator  runouts  where  the  same  condition  occurs, 
use  Column  L. 

3.  For  up-feed  steam  risers  carrying  condensate  back  from  the  radiators,  use 
Column  /. 

4.  For  down-feed  systems,  the  main  risers  of  which  do  not  carry  any  radiator  con- 
densate,' use  Column  H. 

5.  For  the  radiator  valve  size  and  the  stub  connection,  use  Column  K. 

6.  For  the  dry-return  main,  use  Column  U. 

7.  For  the  wet-return  main  use  Column  T. 

On  systems  exceeding  an  equivalent  length  of  200  ft,  it  is  suggested  that 
the  total  drop  be  not  over  J  psi.  The  return  piping  sizes  should  corre- 
spond with  the  drop  used  on  the  steam  side  of  the  system.  Thus,  where 
si  drop  is  being  used,  the  steam  main  and  dripped  runouts  would  be 


462 


CHAPTER  20 


1950  Guide 


3D      C 

S  .2 


H     "  Kl    >* 

9  ts3  B 

£       0>  ,£1    3 
03       M     W)    5 

lei! 


II 


^     «*-t     S    0 
02      O  "Q    S 

H    ^M   8  I 


S 
fl 

$5 


. 

H  M 
+3   o 


CO  tettl. 

|  O        - 

y  cts 

9  S1    - 

H  O      . 


2 


ooo< 
w3ooo,r 


?88SgS 


•»H  TH  CO  -^  \O 


O\ 
O  « 


8= 


«.    *    *    *    „    *    ;     ; 
-r»t  CN  "^  ON  CS  Ov     J     ! 


•  ^^ 


O  OC 


8 


SSS3S3 


WJioroQOOQQ 
!  00  ON  r*<  ^*  **- *0  O  O     |     i 

:oa40Q\~-n*«NaQ^    S    ! 


C<J  fO  \O  00  ro 


O  O 
O  O     !. 
<N  CO      j 

: 


i    S 


,38?^ 

J  (M  »O  00  C 


i  W3  00  CO  CO  t*1* 


fH  rH  fO  ^  NO 


i    :    :    :    !    i    i    :    :    i 

!  !  I  !  I  !  i  !  !  i 


i    !    I 


Qv 


888288  S 


Ov  IJ*5  C?N  O  s 


:  "!  i  i  S  i  i  i  i  i 
:;:::::  t  ; 
S  •,:  i  i  i  i  !  I  1 


8888888881 


C?  C?  CD  O  O 

O\  *o  C?t  O  c3  !  '  I  !  I " 

*H  i^i  Q\iO  O  !  !  !  J  ! 

-V i  i  i  i  t 


VH  eo  *C  00  c O  «--.  -r-<  O 


;    ; 

|      ! 


:    i 
i    i 


SCR 


Steam  Heating  Systems  and  Piping 


463 


& 

s 
g 

•Jl 


fl*  I 


« 
o 

PR 

s 
B 
S 


q  ^  § 

±  5  1 


o  .2    « 

£55 


•s  S, 


GB! 

few  s 


8^5  O  ^5  C5  O 
urj  Q  LO  ^5  *O 


<M  o\  o  --H  cro 


O  IO  C 
*'  O  t"* 
CO  "^ 


T«1  TH  CNI  ^1  LO 


vH  O4  CO  -^  t^  <NS 


to  00  CO  CD  CD  CD 
« 


^H  ^M  CS!  CO 


o  o  o  o  o  o  < 
10  c  ^o  o  ^o  vo  c 

CO  vQ  O  Oco  CO  C 


C>«  CO  IO  00  ^H  C\  ^H 


vH  <N  CO  00  CO  *H  <M  " 


CO  00  IOO 

*H  'l^^«-  10 


\rf 

BON 


464: 


CHAPTER  20 


1950  Guide 


TABLE  8.    STEAM  PIPE  CAPACITIES  FOB  30  PSIG  STEAM  SYSTEMS" 
Capacity  Expressed  in  Pounds  per  Hour 

(Steam  and  Condensate  Flowing  in  Same  Direction) 


PIPE  SIZE 
INCHES 

DROP  IN  PRESSURE  —  POUNDS  PER  100  FT  IN  LENGTH 

H 

# 

H 

% 

1 

2 

X 

15 

22 

31 

38 

45 

63 

l 

31 

46 

63 

77 

89 

125 

1J€ 

69 

100 

141 

172 

199 

281 

1H 

107 

154 

219 

267 

.309 

437 

2 

217 

313 

444 

543 

627 

886 

2J* 

358 

516 

730 

924 

1,030 

1,460 

3 

651 

940 

1,330 

1,630 

1,880 

2,660 

3J^ 

979 

1,410 

2,000 

2,450 

2,830 

4,000 

4 

1,390 

2,000 

2,830 

3,460 

4,000 

5,660 

5 

2,560 

3,640 

5,230 

6,400 

7,390 

10,500 

6 

4,210 

6,030 

8,590 

10,400 

12,100 

17,200 

8 

8,750 

12,600 

17,900 

21,900 

25,300 

35,100 

10 
12 

16,300 
25,600 

23,500 
36,900 

33,200 
52,300 

40,600 
64,000 

46,900 
74,000 

66,400 
104,500 

a  Note:  Steam  at  an  average  pressure  of  30  psig  is  used  as  the  basis  for  calculating  the  above  table. 

sized  from  Column  G ;  radiator  runouts  and  undripped  riser  runouts  from 
Column  L;  up-feed  risers  from  Column  J;  the  main  riser  on  a  down-feed 
system  from  Column  C  (it  will  be  noted  that  if  Column  H  is  used  the 
drop  would  exceed  the  limit  of  -^V  Psi)>"  the  dry  return  from  Column  R] 
and  the  wet-return  from  Column  Q. 

With  a  -gVpsi  drop  the  sizing  would  be  the  same  as  for  -^  psi,  except 
that  the  steam  main  and  dripped  runouts  would  be  sized  from  Column  B, 
the  main  riser  on  a  down-feed  system  from  Column  B,  the  dry-return  from 
Column  0,  and  the  wet-return  from  Column  N. 


Notes  on  Gravity  One -Pipe  Air- Vent  Systems 

1.  Pitch  of  mains  should  not  be  less  than  J  in.  in  10  ft. 

2.  Pitch  of  horizontal  runouts  to  risers  and  radiators  should  not  be  less  than  £  in. 
per  foot.    Where  this  pitch  cannot  be  obtained,  runouts  over  8  ft  in  length  should  be 
one  size  larger  than  called  for  in  the  table. 

3.  In  general,  it  is  not  desirable  to  have  amain  less  than  2 in.    The  diameter  of  the 
far  end  of  the  supply  main  should  not  be  less  than  half  its  diameter  at  its  largest  part. 

TABLE  9.    STEAM  PIPE  CAPACITIES  FOR  150  PSIG  STEAM  STSTEMSa 

Capacity  Expressed  in  Pounds  per  Hour 

(Steam  and  Condensate  Flowing  in  Same  Direction) 


PIPE  SIZE 
INCHES 

DROP  IN  PRESSURE—  Psi  PER  100  FT  IN  LENGTH 

H 

H 

H 

X 

1 

2 

5 

H 

29  - 

41 

58 

71 

82 

116 

184 

l 

58 

82 

117 

143 

165. 

233 

369 

l££ 

130 

185 

262 

320 

370 

523 

827 

l/*3 

203 

287 

407 

497 

575 

813 

1,290 

2 

412 

583 

825 

1,010 

1,170 

1,650 

2,600 

3H 

5 

6 
8 
10 
12 

683 
1,240 
1,860 
2,630 
4,860 
7,960 
16,600 
30,800 
48,600 

959 
1,750 
2,630 
3,720 
6,880 
11,300 
23,500 
43,400 
68,800 

1,360 
2,480 
3,720 
5,260 
9,730 
16,000 
33,200 
61,700 
97,300 

1,650 
3,020 
4,550 
6,430 
11,900 
19,500 
40,600 
75,600 
119,000 

1,920 
3,500 
5,250 
7,430 
13,800 
22,000 
47,000 
87,300 
138,000 

2,710 

4,940 
7,420 
10,500 
19,500 
31,900 
66,400 
123,000 
194,000 

4,290 
7,820 
11,700 
16,000 
30,800 
50,400 
105,000 
195,000 
307,500 

&  Note:  Steam  at  an  average  pressure  of  150  psig  is  used  as  the  basis  for  calculating  the  above  table. 
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TABLE  10.    RETURN  PIPE  CAPACITIES  FOB  30  PSIG  STEAM  SYSTEMS'* 
Capacity  Expressed  in  Pounds  per  Hour 


DROP  IN  PRESSURE—POUNDS  PER  100  FT  IN  LENGTH 

PIPE  SIZE 

INCHES 

H_ 

k 

H 

X 

1 

M 

115 

170 

245 

308 

365 

230 

340 

490 

615 

730 

1M      - 

485 

[      710 

1,025 

1,290 

1,530 

1H 

790 

'    1,160 

1,670 

2,100 

2,500 

2" 

'    1,580 

2,360 

3,400 

4,300 

5,050 

2J^ 

2,650 

3,900 

5,600 

7,100 

8,400 

3 

4,850 

7,100 

10,300 

12,900 

15,300 

&A 

~,    7,200  1  - 

10,600 

15,300 

19,200 

22,800 

4       •     ' 

10,200 

15,000 

21,600 

27,000 

32,300 

5 

19,000 

'27,800 

40,300 

55,500 

60,000 

6 

31,000       . 

45,500 

65,500 

83,000 

98,000 

*  Note:  The  above  table  is  based  on  steam  at  pressures  of  0  to  4  psig. 

4.  Supply  mains,  runouts  to  risers,  or  risers,  should  be  dripped  where  necessary. 

5.  Where  supply  mains  are  decreased  in  size  they  should  be  dripped,  or  be  provided 
with  eccentric  couplings,  flush  on  bottom. 

Example  8.  Size  the  one-pipe  gravity  steam  system  shown  in  Fig.  19  assuming 
that  this  is  all  there  is  to  the  system,  or  that  the  riser  and  main  shown  involve  the 
longest  run  on  the  system. 

Solution.  The  total  length  of  run  actually  shown  is  215  ft.  If  the  equivalent 
length  of  run  is  taken  at  double  this,  it  will  amount  to  430  ft,  and  with  a  total  drop 
of  i  psi  the  drop  per  100  ft  will  be  slightly  less  than  ^  psi.  It  would  be  well  in  this 
case  to  use  Ac  Psi>  and  this  would  result  in  the  theoretical  sizes  indicated  in  Table  12. 
These  theoretical  sizes,  however,  should  be  modified  by  not  using  a  wet-return  less 
than  2  in.,  while  the  main  supply,  g-h,  if  from  the  uptake  of  a  boiler,  should  be  made 
the  full  size  of  the  main,  or  3  in.  Also  the  portion  of  the  main  k-m  should  be  made 
2  in.  if  the  wet-return  is  made  2  in. 


SIZING  PIPING  FOR  ONE-PIPE  VAPOR  SYSTEMS 

Piping  for  one-pipe  vapor  systems  is  sized  so  as  to  permit  only  a  few 
ounces  pressure  drop  in  the  system.  Otherwise,  the  method  follows  that 
outlined  for  sizing  one-pipe  gravity  systems. 

TABLE  11.    RETUBN  PIPE  CAPACITIES  FOB  150  PSIG  STEAM  SYSTEMS'* 
Capacity  Expressed  in  Pounds  per  Hour 


DROP  IN  PRESSURE  —  Psi  PER  100  FT  IN  LENGTH 

PIPE  SIZE 

INCHES 

H 

\i 

14 

*A 

1 

2 

H 

156 

232 

360 

465 

560 

890 

313 

462 

690 

910 

1,120 

1,780 

IH 

650 

960 

1,500 

1,950 

2,330 

3,700 

134 

1,070 

1,580 

2,460 

3,160 

3,800 

6,100 

2  * 

2,160 

3,300 

4,950 

6,400 

7,700 

12,300 

2K 

3,600 

5,350 

8,200 

10,700 

12,800 

20,400 

3 

6,500 

9,600 

15,000 

19,500 

23,300 

37,200 

3H 

9.6QO 

14,400 

22,300 

28,700 

34,500 

55,000 

4 

13,700 

20,500 

31,600 

40,500 

49,200 

78,500 

5 

25,600 

38,100 

58,500 

76,000 

91,500 

146,000 

6 

42,000 

62,500 

96,000 

125,000 

150,000 

238,000 

*  Note:  The  above  table  is  based  on  steam  at  pressures  of  1  to  20  psig. 
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TABLE  12.    PIPE  SIZES  FOE  ONB-PIPB  UP-FEBD  SYSTBM 
SHOWN  IN  FIG.  19 


PART  OF  SYSTEM 

SECTION 
OF  PIPE 

BADIATION 

SUPPLIED 
EDR 
SQFT 

THEORETICAL 
PIPE  SIM 

(INCHES.) 

PRACTICAL 

PlFESISB 
(LACHES) 

Branches  to  radiators.. 
Branches  to  radiators.. 
Riser  
Riser  

a  to  b 
btoc 

100 
50 
200 
300 

2 

11A 
2 

2% 

2 

IK 

2 

2^ 

Riser 

ctod 

400 

2% 

%1A 

Riser  _.  .. 

d  to  e 

500 

3 

3 

Riser  

etof 

600 

3 

3 

Runout  to  riser.  
Supply  main  
Branch  to  supply  main 
Dry  return  main  
Wet  return  main  
Wet  return  main  
Wet  return  main  

ftog 

fto  h 
toj 
ftofc 
ktom* 

m  to  n  , 

72  tO  P 

600 
600 
600 
600 
600 
600 
600 

3^ 
3 
%H 

1M 
l 
i 

1 

3J^ 
3 
3 
2 

2 
2 
2 

FIG.  19.  RISER,  SUPPLY 

MAIN  AND  RBTITEN  MAIN 

OF  ONE-PIPE  SYSTEM 


f  ran  Boiler  or 
Source  ot  Supply 


SIZING  PIPING  FOR  TWO-PIPE  HIGH  PRESSURE  SYSTEMS 

Steam  supply  piping  for  two-pipe  high  pressure  can  be  sized  for  greater 
pressure  drops  than  that  of  the  return  piping.  For  a  system  using  steam  at 
30  psig,  the  total  pressure  drop  can  be  5  to  10  psi  and  for  150  psig  systems, 
25  to  30  psi. 

It  has  been  observed  that  the  maximum  total  pressure  in  the  returns  of 
a  30-psig  system  is  about  5  psi,  and  that  of  a  150-psig  system  is  about  20  psi. 
The  pressure  in  the  return  mains  is,  of  course,  caused  by  the  discharge  of 
traps,  or  by  leaky  traps  and  by  flashing  of  condensate  into  steam^  due  to 
the  lower  pressure  in  the  return  line.  The  usual  practice  in  the  sizing  of 
high  pressure  returns  has  been  to  size  on  the  basis  of  |  psi  per  100  ft  of 
pipe  for  30-psig  systems,  and  1  psi  per  100  ft  for  150-psig  systems.  This  is 
an  average  figure  which  corresponds  generally  to  several  of  the  previously 
published  tables  for  the  design  of  high  pressure  return  piping. 

Notes  on  Two-Pipe  High  Pressure  Systems 

Pitch  of  mains  should  not  be  less  than  J  in.  in  10  ft. 

Pitch  of  horizontal  runouts  to  risers  and  heating  units  should  not  be  less  than 
i  in.  per  ft. 

SIZING  PIPING  FOR  TWO-PIPE  LOW  PRESSURE  SYSTEMS 

Piping  for  two-pipe  low  pressure  systems  is  sized  in  the  same  manner  as 
for  two-pipe  vapor  systems,  except  that  the  pressure  drop  throughout 
the  system  can  be  based  on  f  psi  to  1  psi  drop. 

SIZING  PIPING  FOR  TWO-PIPE  VAPOR  SYSTEMS 

While  many  manufacturers  of  patented  vapor  heating  accessories  have 
their  own  schedules  for  pipe  sizing,  an  inspection  of  these  sizing  tables 
indicates  that  in  general  as  small  a  drop  as  possible  is  recommended.  The 
reasons  for  this  are:  (1)  to  have  the  condensate  return  to  the  boiler  by 
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gravity  5  (2)  to  obtain  a  more  uniform  distribution  of  steam  throughout 
the  system,  especially  when  it  is  desirable  to  carry  a  moderate  or  low 
fire,  and  (3)  to  prevent  large  variations  in  pressure  which,  would  nullify 
the  value  of  graduated  valves  on  radiators. 

For  small  vapor  systems  where  the  equivalent  length  of  run  does  not 
exceed  200  ft,  it  is  recommended  that  the  main  and  any  runouts  to  risers 
that  may  be  dripped,  should  be  sized  from  Column  D,  Table  5,  while  riser 
runouts  not  dripped  and  radiator  runouts  should  employ  Column  L  The 
up-feed  steam  risers  should  be  taken  from  Column  J5T.  On  the  returns, 
the  risers  should  be  sized  from  Tables  6  and  7,  Column  27,  (lower  portion) 
and  the  mains  from  Column  U  (upper  portion).  It  should  again  be 
noted  that  the  pressure  drop  in  the  steam  side  of  the  system  is  kept  the 
same  as  on  the  return  side,  except  where  the  flow  in  the  riser  is  concerned. 

On  a  down-feed  system,  the  main  vertical  riser  should  be  sized  from 
Column  jff,  but  the  down-feed  risers  can  be  taken  from  Column  D,  al- 
though it  so  happens  that  the  values  in  Columns  D  and  H  for  small  systems 
correspond.  This  will  not  hold  true  in  larger  systems. 

For  vapor  systems  over  200  ft  of  equivalent  length,  the  drop  should  not 
exceed  |  psi  to  }  psi,  if  possible.  Thus,  for  a  400  ft  equivalent  run  the 
drop  per  100  ft  should  be  not  over  $  psi  divided  by  4,  or  -fa  psi.  In  this 
case  the  steam  mains  would  be  sized  from  Column  B,  the  radiator  and 
undripped  riser  runouts  from  Column  I;  the  risers  from  Column  J3, 
because  Column  H  gives  a  drop  in  excess  of  -fa  psi.  On  a  down-feed 
system,  Column  B  would  have  to  be  used  for  both  the  main  riser  and  the 
smaller  risers  feeding  the  radiators  in  order  not  to  increase  the  drop  over 
•fa  psi.  The  return  risers  would  be  sized  from  the  lower  portion  of  Column 
0  and  the  dry  return  main  from  the  upper  portion  of  the  same  column, 
while  any  wet  returns  would  be  sized  from  Column  N.  The  same  pressure 
drop  is  applied  on  both  the  steam  and  the  return  sides  of  the  system. 

Notes  on  Vapor  Systems 

1.  Pitch  of  mains  should  not  be  less  than  i  in.  in  10  ft. 

2.  Pitch  of  horizontal  runouts  to  risers  and  radiators  should  not  be  less  than  J  in. 
per  ft.    Where  this  pitch  cannot  be  obtained,  runouts  over  8  ft  in  length  should  be 
one  size  larger  than  called  for  in  the  table. 

3.  In  general  it  is  not  desirable  to  have  a  supply  main  smaller  than  2  in. 

4.  When  necessary,  supply  main,  supply  risers,  or  runouts  to  supply  risers  should 
be  dripped  separately  into  a  wet-return,  or  may  be  connected  into  the  dry-return 
through  a  thermostatic  drip  trap. 

SIZING  PIPING  FOR  TWO-PIPE  VACUUM  SYSTEMS 

Vacuum,  atmospheric,  sub-atmospheric  and  orifice  systems  are  usually 
employed  in  large  installations  and  have  total  drops  varying  from  |  to 
|  psi.  Systems  in  which  the  maximum  equivalent  length  does  not  exceed 
200  ft  preferably  employ  the  smaller  pressure  drop,  while  systems  over 
200  ft  equivalent  length  of  run,  more  frequently  are  designed  for  the  higher 
drop,  owing  to  the  relatively  greater  saving  in  pipe  sizes.  For  example,  a 
system  with  1200  ft  longest  equivalent  length  of  run  would  employ  a  drop 
per  100  ft  of  \  psi  divided  by  12,  or  -fa  psi.  In  this  case,  the  steam  main 
would  be  sized  from  Column  C,  Table  5,  and  the  risers  also  from  Column 
C  (Column  H  could  be  used  as  far  as  critical  velocity  is  concerned,  but  the 
drop  would  exceed  the  limit  of  -fa  psi).  Riser  runouts,  if  dripped,  would 
use  Column  C  but,  if  undripped,  would  use  Column  I ;  radiator  runouts, 
Column  I;  return  risers,  lower  part  of  Column  $,  Tables  6  and  7;  return 
runouts  to  radiators,  one  pipe  size  larger  than  the  radiator  trap  connections. 
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Notes  on  Vacuum  Systems 

L  It  is  not  generally  considered  good  practice  to  exceed  f  psi  drop  per  100  ft  of 
equivalent  run,  nor  to,  exceed  1  psi  total  pressure  drop  in  any  system. 

2.  Pitch,  of  mains  should  not  be  less  than  J  in.  In  10  ft. 

3.  Pitch  of  horizontal  runouts  to  risers  and  radiators  should  not  be  less  than  f  in. 
per  ft.    Where  this  pitch  cannot  be  obtained,  runouts  over  8  ft  in  length  should  be 
one  size  larger  than  called  for  in  the  table. 

4.  In  general,  it  is  not  considered  desirable  to  have  a  supply  main  smaller  than  2  in. 

5.  When  necessary,  the  supply  main,  supply  riser,  or  runout  to  a  supply  riser 
should  be  dripped  separately  through  a  trap  into  the  vacuum  return.    A  connection 
should  not  be  made  between  the  steam  and  return  sides  of  a  vacuum  system  without 
interposing  a  trap  to  prevent  the  steam  from  entering  the  return  line. 

6.  Lifts  should  be  avoided  if  possible,  but  when  they  cannot  be  eliminated  they 
should  be  made  in  the  manner  described  in  this  chapter. 

7.  No  lifts  can  be  used  in  orifice  and  atmospheric  systems.    In  sub-atmospheric 
systems  the  lift  must  be  at  the  vacuum  pump. 

SIZING  PIPING  FOR  INDIRECT  HEATING  UNITS 

Pipe  connections  and  mains  for  indirect  heating  units  are  sized  according 
to  the  quantity  of  steam  condensed  by  each  unit.  The  condensation  per 
unit  depends  upon  the  entering  temperature  and  the  air  velocity,  and  may 
be  obtained  from  manufacturers'  rating  tables.  Where  more  than  one 
unit  are  placed  in  series,  the  entering  air  temperature  for  any  unit  will  be 
the  leaving  temperature  for  the  preceding  unit. 

When  the  amount  of  condensation  has  been  obtained  for  each  unit,  the 
pipe  sizes  should  be  based  on  the  length  of  run  and  the  pressure  drop  de- 
sired, as  in  the  case  of  radiators.  It  is  generally  desirable  to  place  the 
indirect  heating  units  on  a  separate  piping  system  rather  than  to  connect 
them  to  the  piping  which  supplies  direct  radiation.  For  type  of  connections 
see  section  on  Connections  to  Heating  Units. 

PRESSURE  REDUCING  VALVES 

While  the  illustrations  given  in  Figs.  2  to  17  inclusive,  indicate  the  various 
systems  to  be  supplied  by  separate  boiler  plants,  it  is  also  possible  to  have 
steam  supplied  at  high  pressure  by  a  boiler  plant  remotely  located.  In 
this  case  steam  is  supplied  directly  to  the  system  or  through  a  pressure 
reducing  valve.  Condensate  can  either  be  returned  to  the  boiler  plant  or 
wasted  to  the  sewer.  The  general  arrangement  of  the  Systems  fed  through 
a  pressure  reducing  valve  will  not  vary  from  those  illustrated  with  a  boiler 
supply. 

When  high  pressure  steam  is  being  supplied  and  lower  steam  pressures 
are  required  for  heating,  for  domestic  hot  water,  for  utility  services,  etc,, 
one  or  more  pressure  reducing  valves  (pressure  regulators)  are  required. 

These  are  used  in  two  classes  of  service,  one  whe,re  the  steam  must  be 
shut  off  tight  to  prevent  the  low  pressure  building  up  at  time  of  no  load, 
and  the  other  where  the  low  pressure  lines  will  condense  enough  steam  to 
offset  normal  leakage  through  the  valve.  In  the  latter  case,  double  seated 
valves  may  be  used  in  a  manner  that  reduces  the  work  required  of  the 
diaphragm  in  closing  the  valve  and  consequently,  the  size  of  the  diaphragm. 
These  valves  also  control  the  low  pressures  more  closely  under  conditions 
of  varying  high  pressures. 

Valves  that  shut  off  all  steam  are  called  dead  end  type.  They  are  single 
seated,  and  some  of  them  have  pilot  operation  that  provides  close  control 
of  the  reduced  pressure.  If  a  thermostatically  controlled  valve  is  installed 
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after,  and  near,  a  reducing  valve  In  such  a  manner  as  to  cut  off  the  passage 
of  steam,  the  dead  end  type  should  be  used. 

It  Is  common  practice  when  the  initial  steam  pressure  is  100  psig  or 
higher  to  install  two-stage  reduction.  If  the  radiation  served  is  cast-iron, 
the  A.S.M.E.  code  requires  two  reducing  valves  when  the  inlet  pressure 
exceeds  50  psig.  This  makes  a  quieter  condition  of  steam  flow,  as  it  is 
apparent  that  with  one  reduction,  as  for  example  from  150  to  2  psig,  there 
is  a  smaller  opening  with  greater  velocity  across  the  reducing  valve  and, 
consequently,  more  noise.  A  two-stage  reduction  also  introduces  a 
source  of  safety,  since  if  one  reducing  valve  were  to  build  up  its  discharge 
pressure,  this  excess  pressure  would  not  be  so  great  as  the  case  might  be 
in  a  one-stage  reduction. 

If  an  installation  requires  single  seated  valves  and  the  pilot  type  cannot 
be  used,  it  is  necessary  to  use  two-stage  reduction,  as  single  seated  valves 
require  sufficient  diaphragm  area  to  overcome  the  unbalanced  pressure 
underneath  the  single  valve.  In  many  cases  the  large  diameter  of  dia- 
phragm required  would  make  it  impractical  in  construction.  With  a  two- 
stage  reduction,  the  diaphragm  diameter  required  would  be  reduced.  If 
a  one-stage  reduction  is  desired,  it  is  necessary  to  use  a  pilot  controlled 
pressure  reducing  valve,  where  low  pressures  are  to  be  maintained  closely. 

In  making  a  two-stage  reduction,  allowance  for  expansion  of  steam  on 
the  low  pressure  side  of  the  valve  should  be  made  by  increasing  the  pipe 
size.  This  also  allows  steam  flow  to  be  at  a  more  nearly  uniform  velocity. 
Separating  the  valves  by  a  distance  up  to  20  ft  is  recommended  to  reduce 
excessive  hunting  action  of  the  first  valve. 

When  the  reduced  pressure  is  approximately  15  psig  or  lower,  the  weight 
and  lever  diaphragm  valve  gives  the  best  results  with  minimum  main- 
tenance. Above  15  psig,  spring  loaded  diaphragm  valves  should  be  used, 
because  of  the  extra  weights  required  on  weight  and  lever  type.  Pressure 
equalizing  lines  should  not  be  connected  too  close  to  the  valve.  They 
should  be  connected  into  the  bottom  of  the  reduced  pressure  steam  main, 
to  allow  maximum  condensate  to  exist  in  the  equalizing  lines,  or  the 
connection  can  be  made  into  the  top  of  the  main  if  a  water  accumulator 
is  used  to  reduce  the  variation  of  the  head  of  water  on  the  diaphragm. 

Care  should  be  exercised  in  selecting  the  size  of  a  reducing  valve.  The 
safest  method  is  to  consult  the  manufacturer.  It  is  essential  that  sizes 
of  piping  to  and  from  the  reducing  valve  be  such  that  they  will  pass  the 
desired  amount  of  steam  with  the  maximum  velocity  desired.  A  common 
error  is  to  make  the  size  of  the  reducing  valve  the  same  size  as  that  of  the 
service,  or  outlet  pipe  size.  Generally,  this  will  make  the  reducing  valve 
oversized,  and  bring  about  wire-drawing  of  valve  and  seat,  due  to  small  lift 
of  the  valve  seat. 

On  installations  where  the  steam  requirements  are  relatively  large  and 
variable  in  mild  weather  or  reduced  demand  periods,  wire-drawing  may 
occur.  To  overcome  this  condition,  two  reducing  valves  are  installed  in 
parallel,  with  the  sizes  selected  on  a  70  and  30  per  cent  proportion  of 
maximum  flow.  For  example,  if  50,000  Ib  of  steam  per  hour  are  required, 
the  size  of  one  valve  is  on  the  basis  of  0.7  X  50,000  Ib,  or  35,000  Ib,  and 
the  other  on  the  basis  of  0.3  X  50,000  Ib,  or  15,000  Ib.  During  the  mild 
or  reduced  demand  periods,  steam  will  flow  through  the  smaller  valve 
only.  During  the  remainder  of  the  season,  the  larger  valve  is  set  to  control 
at  whatever  low  pressure  is  desired,  and  the  smaller  one  at  a  somewhat 
lower  pressure.  Thus,  when  steam  flow  is  not  at  its  maximum,  the 
smaller  valve  is  closed,  but  it  opens  automatically  when  the  maximum 
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steam  demand  occurs,  because  this  maximum  demand  creates  a  slight 
pressure  drop  in  the  service  line. 

The  installation  of  reducing  valves  in  pipe  lines  requires  detailed  planning. 
They  should  be  installed  to  give  ease  of  access  for  inspection  and  repair, 
and  wherever  possible  with  diaphragm  downward,  except  in  cases  of  pilot 
operated  valves. 

There  should  be  a  by-pass  around  each  reducing  valve  of  sise  equal  to 
one-half  the  size  of  reducing  valve.  The  globe  valve  in  by-pass  line  should 
be  of  a  better  type  of  construction,  and  must  shut  off  absolutely  tight. 
A  steam  pressure  gage,  graduated  up  to  the  initial  pressure,  should  be 
installed  on  the  low  pressure  side.  Safety  valves  located  on  the  low 
pressure  side  should  be  set  5  psi  higher  than  the  final  pressure,  but  may  be 
10  psi  higher  than  the  reduced  pressure  if  this  reduced  pressure  is  that  of 
the  first  stage  reduction  of  a  double  reduction.  Strainers  are  sometimes 
*nstalled  on  the  inlet  to  the  reducing  valve,  but  are  not  required  before  a 
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FIG.  20.  THE  HAKTFOHD  RETURN  CONNECTION 


second-stage  reduction.  If  a  two-stage  reduction  is  made,  it  is  well  to 
install  a  pressure  gage  immediately  before  the  reducing  valve  of  the 
second-stage  reduction  also.  In  sizes  3  in.  and  above,  it  is  advisable  to 
install  a  drip  trap  between  the  two  reducing  valves. 

BOILER  CONNECTIONS 
Steam 

Cast-iron,  sectional  heating  boilers  usually  have  several  outlets  in  the 
top.  Two  or  more  outlets  should  be  used  whenever  possible  to  reduce  the 
velocity  of  the  steam  in  the  vertical  uptakes  from  the  boiler,  and  thus  to 
prevent  carrying  of  water  into  the  steam  main. 

Return 

Cast-iron  boilers  are  generally  provided  with  return  tappings  on  both 
while  steel  boilers  are  generally  equipped  with  only  one  return 
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tapping.  Where  two  tappings  are  provided,  both  should  be  u$ed  to  effect 
proper  circulation  through  the  boiler.  The  return  connection  should 
include  either  a  Hartford  return  connection  or  a  check  valve  to  prevent 
the  accidental  loss  of  boiler  water  to  the  returns,  with  consequent  danger 
of  boiler  damage.  The  Hartford  return  connection  is  to  be  preferred  over 
the  check  valve,  because  the  latter  is  apt  to  stick  or  not  close  tightly  and, 
furthermore,  because  the  check  valve  offers  additional  resistance  to  the 
condensate  coming  back  to  the  boiler,  which  in  gravity  systems  would 
raise  the  water  line  in  the  far  end  of  the  wet-return  several  inches. 

In  order  to  prevent  the  boiler  from  losing  its  water  under  any  circum- 
stances, the  use  of  the  Hartford  return  connection  is  recommended. 
This  connection  for  a  one-  or  two-boiler  installation  is  shown  in  Fig.  20. 
The  essential  features  of  construction  of  a  Hartford  return  connection  are: 
(1)  a  direct  connection  (made  without  valves)  between  the  steam  side 
of  the  boiler  and  the  return  side  of  the  boiler,  and  (2)  a  close  nipple,  or 
preferably  an  inverted  Y-fitting  connection  about  2  in.  below  the  normal 
boiler  water  line  from  the  return  main  to  the  boiler  steam  and  return 
pressure  balance  connection.  Equalizing  pipe  connections  between  the 
steam  and  return  are  given  in  Fig.  20,  based  on  grate  areas,  but  in  no  case 
shall  this  pipe  size  be  less  than  the  main  return  piping  from  the  system. 

Sizing  Boiler  Connections 

Little  information  is  available  on  the  sizing  of  boiler  runouts  and  steam 
headers.  Although  some  engineers  prefer  an  enlarged  steam  header  to 
serve  as  additional  steam  storage  space,  there  ordinarily  is  no  sudden 
demand  for  steam  in  a  steam  heating  system  except  during  the  heating-up 
period,  at  which  time  a  large  steam  header  is  a  disadvantage  rather  than 
an  advantage.  The  boiler  header  may  be  sized  by  first  computing  the 
maximum  load  that  must  be  carried  by  any  portion  of  the  header  under 
any  conceivable  method  of  operation,  and  then  applying  the  same  schedule 
of  pipe  sizing  to  the  header  as  is  used  on  the  steam  mains  for  the  building. 
The  horizontal  runouts  from  the  boiler,  or  boilers,  may  be  sized  by  calculat- 
ing the  heaviest  load  that  will  be  placed  on  the  boiler  at  any  time,  and 
sizing  the  runouts  on  the  same  basis  as  the  building  mains.  The  difference 
in  size  between  the  vertical  uptakes  from  the  boiler,  which  should  be  of 
same  size  as  the  boiler  outlet  tapping,  and  the  horizontal  main  or  runout, 
is  compensated  for  by  the  use  of  reducing  ells. 

Return  connections  to  boilers  in  gravity  systems  are  made  the  same 
size  as  the  return  main  itself.  Where  the  return  is  split  and  connected  to 
two  tappings  on  the  same  boiler,  both  connections  are  made  the  full  size 
of  the  return  line.  Where  two  or  more  boilers  are  in  use,  the  return  to 
each  may  be  sized  to  carry  the  full  amount  of  return  for  the  maximum  load 
which  that  boiler  will  be  required  to  carry.  Where  two  boilers  are  used, 
one  of  them  being  a  spare,  the  full  size  of  the  return  main  would  be  carried 
to  each  boiler,  but  if  three  boilers  are  installed,  with  one  spare,  the  return 
line  to  each  boiler  would  require  only  half  of  the  capacity  of  the  entire 
system,  or,  if  the  boiler  capacity  were  more  than  one-half  the  entire  system 
load,  the  return  would  be  sized  on  the  basis  of  the  maximum  boiler  capacity. 
As  the  return  piping  around  the  boiler  is  usually  small  and  short,  it  should 
not  be  sized  to  the  minimum. 

With  returns  pumped  from  a  vacuum  or  receiver  return  pump,  the  size 
of  the  line  may  be  calculated  from  the  water  rate  on  the  pump  discharge 
when  it  is  operating,  and  the  line  sized  for  a  very  small  pressure  drop. 
The  relative  boiler  loads  should  be  considered,  as  in  the  case  of  gravity 
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return  'connections.    Boiler  header  and  piping  sizes  should  be  based  on 
the  total  load.  _     , 

CONDENSATE  PUMPS 

Condensate  return  pumps  are  used  for  gravity  systems  when  the  local 
conditions  do  not  permit  the  condensate  to  return  to  the  boiler  under 
the  existing  static  head.  The  return  of  the  condensate  permits  the  water 
to  pass  repeatedly  through  the  cycle  of  vaporization,  with  subsequent 
condensation  and  return  to  the  boiler.  During  such^  repeated  cycles  any 
incrustants  or  other  substances  in  solution  are  precipitated  and  the  water 
de-activated  to  a  considerable  extent,  so  that  corrosion  of  a  serious  nature 
is  seldom  ever  encountered  where  the  condensate  is  repeatedly  used. 
Serious  corrosion  is  more  frequently  found  in  systems  in  which  the  con- 
densate is  wasted,  and  fresh  make-up  water  is  continually  being  intro- 
duced. 

A  generally  accepted  condensate  pump  unit  for  low  pressure  heating 
systems  consists  of  a  motor-driven  centrifugal  pump  with  receiver  and 
Automatic  float  control.  Other  types  in  use  include  rotary,  screw,  turbine 
and  reciprocating  pumps  with  steam  turbine  or  motor  drive,  and  direct- 
acting  steam  reciprocating  pumps. 

The  receiver  capacities  of  these  automatic  units  should  be  sized  so  as 
not  to  cause  too  great  a  fluctuation  of  the  boiler  water  line  if  fed  directly 
to  the  boiler,  and  at  the  same  time  not  so  small  as  to  cause  too  frequent 
operation  of  the  unit.  The  usual  unit  provides  storage  capacity  between 
stops  in  the  receiver  of  approximately  1.5  times  the  amount  of  condensate 
returned  per  minute,  and  the  pump  generally  has  a  delivery  rate  of  3  to  4 
times  the  normal  flow.  This  relation  of  receiver  and  pump  size  to  heating 
system  condensing  capacity  takes  account  of  the  peak  condensation  rate. 

A  typical  installation  of  a  motor  driven  automatic  condensate  unit 
is  illustrated  in  Fig.  9. 

VACUUM  HEATING  PUMPS 

On  vacuum  systems,  where  the  returns  are  under  a  vacuum,  and  sub- 
atmospheric  systems,  where  the  supply  piping,  radiation  and  the  returns 
are  under  a  vacuum,  it  is  necessary  to  use  a  vacuum  pump  to  discharge  the 
air  and  non-condensable  gases  to  atmosphere  and  to  dispose  of  the  con- 
densate. Direct-acting  steam-driven  reciprocating  vacuum  pumps  are 
sometimes  used  where  high  pressure  steam  is  available,  or  where  the 
exhaust  steam  from  the  pump  can  be  utilized.  In  general,  however,  these 
have  been  replaced  by  the  automatic  motor-driven  return  line  heating 
pump  especially  developed  for  this  service.  Steam  turbine  drive  is  also 
frequently  used  where  steam  at  suitable  pressures  is  available,  the  steam 
being  used  afterward  for  building  heating.  The  usual  vacuum  pump 
unit  consists  of  a  compact  assembly  of  exhausting  unit  for  withdrawing 
the  air-vapor  mixture  and  discharging  the  air  to  atmosphere,  and  a  water 
removal  unit  which  discharges  the  condensate  to  the  boiler.  They  are 
furnished  complete  with  receiver,  separating  tank  and  automatic  controls 
mounted  as  an  integrated  unit  on  one  base.  There  are  also  special  steam 
turbine  driven  units  which  are  operated  by  passing  the  steam  to  be  used 
in  heating  the  building  through  the  turbine  with  only  a  2  to  3  psi  drop 
across  the  turbine  required  for  its  operation.  Under  special  conditions 
such  as  installations  where  it  is  necessary  to  return  the  condensate  to  a 
high  pressure  boiler,  auxiliary  water  pumps  may  be  supplied.  In  some 
instances  separate  air  and  water  pumps  may  be  used. 
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For  rating  purposes3  vacuum  pumps  are  classified  as  low  vacuum  and 
high  vacuum.  Low  vacuum  pumps  are  those  rated  for  maintaining  5J  in. 
Hg  vacuum  on  the  system,  and  high  vacuum  pumps  are  those  rated  to 
maintain  vacuums  above  5|  in.  Hg. 

Manufacturers  of  vacuum  pumps  specify  that  the  standard  capacity  of 
pumps  shall  be  0.3  to  0.5  cfm  of  air  removal,  and  0.5  gpm  of  water  per 
1000  EDR  served.  This  capacity  is  at  5|  in.  Hg  of  vacuum  and  with  con- 
densate  at  160  F.  The  larger  air  capacity  is  for  smaller  systems  and  the 
smaller  capacity  for  the  larger  systems. 

Some  manufacturers,  however,  specify  more  air  capacity  than  stand- 
ard where  higher  vacuums  are  desired  and  where  air  leakage  is  antici- 
pated,. 

The  vacuum  that  can  be  maintained  on  a  system  depends  upon  the 
relationship  of  the  air  leakage  rate  into  the  system  to  the  operating  air 
capacity  of  the  hydraulic  evacuator  when  operating  at  any  given  return 
line  temperature.  The  hotter  the  returns,  the  lower  will  be  the  possible 
.vacuum  for  a  given  air  leakage  rate  into  the  system.  It  is  particularly 
essential  on  high  vacuum  installations  to  see  that  the  entire  system  is 
'tight  in  order  to  reduce  the  amount  of  inward  air  leakage  and,  further- 
more, to  see  that  relatively  higher  temperature  steam  is  prevented  from 
entering  the  vacuum  return  lines  through  leaky  traps,  high  pressure 
drips,  etc.  It  is  for  this  reason  that  the  condensate  from  equipment  using 
steam  at  high  pressures  should  not  be  connected  directly  to  a  vacuum 
return  line,  but  should  drain  to  a  flash  tank  or  flash  leg  through  a  high 
pressure  trap.  The  receiver  should  have  an  equalizing  connection  to  a  low 
pressure  steam  main  and  drain  through  a  low  pressure  trap  to  the  vacuum 
return  main,  as  indicated  later  in  this  chapter  in  section  on  Drips- 
Vacuum  Pump  Controls 

In  the  ordinary  vacuum  system,  the  vacuum  pump  is  controlled  by  a 
vacuum  regulator  which  cuts  in  when  the  vacuum  drops  to  the  lowest 
point  desired,  and  cuts  out  when  it  has  been  increased  to  the  highest  point, 
these  points  being  varied  to  suit  the  particular  system  or  operating  condi- 
tions. In  addition  to  this  vacuum  control,  a  float  control  is  included 
which  will  start  the  pump  whenever  sufficient  condensate  accumulates  in 
the  receiver,  regardless  of  the  vacuum  on  the  system.  A  selector  switch 
is  usually  provided  to  allow  operation  at  night  as  a  condensate  pump  only, 
also  to  give  manual  or  continuous  operation  when  desired.  , 

There  are  several  variations  in  the  control  of  the  vacuum  maintained  on 
the  system  by  the  pump.  In  some  sub-atmospheric  systems  where  orifices 
are  used,  the  vacuum  pump  control  maintains  a  pressure  difference  between 
the  supply  and  the  return  piping,  which  is  held  within  relatively  close 
limits.  There  are  other  sub-atmospheric  systems  which  utilize  special 
temperature-pressure  actuated  controls  for  maintaining  the  desired  condi- 
tions in  the  return  lines.  Where  various  zones  are  connected  to  the 
same  return  main,  the  return  vacuum  must  be  controlled  to  meet  the 
requirements  of  the  zone  operating  at  the  lowest  steam  supply  pressure. 

Piston  Displacement  Vacuum  Pumps 

Piston  displacement  return  vacuum  heating  pumps  may  be  either  elec- 
tric or  steam  driven.  Their  piston  speed  in  feet  per  minute  should  not 
exceed  20  times  the  square  root  of  the  number  of  inches  in  their  stroke. 
They  are  usually  supplied  with  an  air  separating  tank,  open  to  atmosphere, 
placed  on  the  discharge  side  of  the  pump,  and  at  an  elevation  sufficiently 
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FIG.  21.  SINGLE  PORT  FLOAT  TRAP 


FIG.  22.  MULTIPORT  FLOAT  TRAP 


high  to  allow  gravity  flow  of  the  condensate  to  the  boiler.    If  the  boiler 

Eressure  is  too  high  for  such  gravity  feed,  then  an  additional  steam  pump 
>r  feeding  the  boiler  is  desirable.  The  extra  pump  is  sometimes  avoided 
by  using  a  closed  separating  tank  with  a  float  controlled  vent.  In  both 
arrangements,  the  air  taken  from  the  system  must  be  discharged  against 
the  full  discharge  pressure  of  the  vacuum  pump.  In  the  case  of  high 
or  medium  pressure  boilers,  it  is  better  to  use  the  atmospheric  separator 
and  the  second  pump. 

In  figuring  the  required  displacement  for  such  pumps,  a  value  of  from 
6  to  10  times  the  volumetric  flow  of  condensate  is  used  for  average  vacuums 
and  systems. 

STEAM  TRAPS 

Steam  traps,  as  the  name  implies,  are  automatic  devices  used  to  trap 
or  hold  steam  in  an  apparatus  or  piping  system  until  it  has  given  up  its 
latent  heat,  and  to  allow  condensate  and  air  to  pass  as  soon  as  it  accumu- 
lates. In  general,  traps  consist  of  a  vessel  in  which  to  accumulate  the 
condensate,  an  orifice  through  which  the  condensate  is  discharged,  a  valve 
to  close  the  orifice  port,  mechanisms  to  operate  the  valve,  and  inlet  and 
outlet  openings  for  the  entrance  and  discharge  of  the  condensate  from  the 
trap  vessel. 

Steam  traps  are  classified  according  to  the  type  of  operating  device  by 
which  they  function.  The  traps  which  are  available  on  the  market  today 
may  be  classified  as  (1)  float,  (2)  thermostatic,  (3)  float  and  thermostatic, 
(4)  upright  bucket,  (5)  inverted  bucket,  (6)  flash,  (7)  impulse,  (8)  tilting, 
(9)  lifting,  and  (10)  boiler  return  trap  or  alternating  receiver. 

Float  Traps.  Float  traps  operate  by  the  rise  and  fall  of  a  float  due  to  a  change 
of  condensate  level  in  the  trap.  When  the  trap  is  empty,  the  float  is  iri  its  lowest 
position  and  the  discharge  valve  is  closed.  As  condensate  accumulates  in  the  trap 
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chamber,  the  float  rises  and  gradually  opens  the  valve,  and  the  pressure  of  the  steam 
pushes  the  condensate  out  of  the  valve.    The  discharge  from  a  float  trap  is  generally 


danger^  of  considerable  steam  leakage  through  the  discharge  valve  due  to  unequal 
expansion^of  the  valve  and  seat,  and  the  sticking  of  moving  parts.  Float  traps  are 
made  in  sizes  from  ^  to  3  in.,  and  for  pressures  varying  from  vacuum  conditions  to 
200  psig.  Float  traps  are  used  for  draining  condensate  from  steam  separators,  steam 
headers,  blast  coils,  heating  systems,  steam  water  heaters,  laundry  equipment, 
sterilizers,  and  other  equipment.  When  used  for  draining  low  pressure  systems, 
float  traps  should  be  equipped  with  a  thermostatic  air  vent  (See  Float  and  Thermo- 
static  Traps).  Figs.  21  and  22  illustrate  types  of  float  traps  which  are  in  use  at  the 
present  time. 

Thermostatic  Traps.  Thermostatic  traps  function  by  means  of  elements  which 
expand  and  contract  under  the  influence  of  heat  and  cold.  Early  types  of  thermo- 
static traps  employed  carbon  posts  and  bi-metallic  elements  for  expansion.  In 
general,  the  modern  type  of  thermostatic  trap  consists  of  thin  corrugated  metal 
bellows  or  discs  enclosing  a  hollow  chamber.  The  chamber  is  either  filled  with  a 
liquid,  or  a  small  amount  of  a  volatile  liquid,  such  as  alcohol,  is  introduced.  The  liquid 
expands  or  becomes  a  gas  when  steam  comes  in  contact  with  the  expansive  element. 
The  pressure  created  in  either  case  expands  the  element  and  closes  the  valve^of  the 
trap  against  the  escape  of  steam.  When  condensate  or  air  conies  in  contact  with  the 
element,  it  cools  and  contracts,  opening  the  valve  and  allowing  the  escape  of  water 
and  air. 

The  discharge  from  this  type  of  trap  is  intermittent.  Thermostatic  traps  find 
their  use  generally  for  the  draining  of  condensate  from  radiators,  convectors,  pipe 
coils,  drips,  unit  heaters,  water  heaters,  cooking  kettles,  and  other  equipment. 
Except  for  radiators  and  convectors,  it  is  recommended  that  a  strainer  be  installed 
on  the  inlet  connection  to  the  trap  to  prevent  dirt,  pipe  scale,  and  other  foreign  sub- 
stance from  entering  the  trap,  A  cooling  leg  of  a  length  of  pipe  should  also  be  pro- 
vided ahead  of  the  trap  on  unit  heaters  and  similar  apparatus  to  cool  the  condensate 
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In  order  to  help  in  the  trap  action.  Thermostatlc  traps  are  made  in  sizes  from  J 
to 2 inland  for  pressures  ranging  from  vacuum  conditions  to  300  psig.  Figs.  23  and 
24  illustrate  types  of  thermostatic  traps  which  are  available  at  the  present  time. 

Float  and  Thermostatic  Traps.  This  type  of  trap  is  a  combination  of  the  float 
trap  and  the  thermostatic  trap,  and  finds  its  use  in  the  draining  of  condensate  from 
unit  heaters,  blast  heaters,  and  coil  heaters  for  water,  oil  or  other  liquids  where  there 
is  apt  to  be  a  large  volume  of  condensate  which  would  not  permit  successful  operation 
of  thermostatic  traps  alone.  The  function  of  the  float  element  of  this  trap  is  to 
handle  the  condensate,  and  of  the  thermostatic  element  to  permit  the  flow  of  air  and 
to  prevent  the  flow  of  steam  around  the  float  valve.  Float  and  thermostatic  traps 
are  made  in  sizes  from  |  to  2  in.  and  operate  under  pressures  varying  from  vacuum 
conditions  to  40  psig.  Fig.  25  illustrates  a  typical  float  and  thermostatic  trap. 

Upright  Bucket  Traps.  In  this  type  of  trap,  the  condensate  enters  the  trap  cham- 
ber and  fills  the  space  between  the  bucket  and  the  walls  of  the  trap.  ^This  causes  the 
bucket  to  float,  and  forces  the  valve  against  its  seat,  the  valve  and  its  stem  usually 
being  fastened  to  the  bucket.  When  the  condensate  in  the  chamber  rises  above  the 
edges  of  the  bucket,  it  overflows  into  it  and  causes  the  bucket  to  sink^  thereby  with- 
drawing the  valve  from  its  seat.  This  permits  the  steam  pressure  acting  on  the  sur- 
face of  condensate  in  the  bucket  to  force  the  water  to  the  discharge  opening* 
When  the  bucket  is  emptied,  it  rises  and  closes  the  valve  and^ another  cycle  begins. 
The  discharge  from  this  type  of  trap  is  intermittent,  and  it  requires  a  definite  differen- 
tial pressure  (usually  1  psi  at  least)  between  the  inlet  and  outlet  of  the  trap  in  order  to 
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lift  the  condensate  out  of  the  bucket  to  the  return  opening.  Upright  bucket  traps 
are  used  for  draining  condensate  and  air  from  blast  coils,  unit  heaters,  steam  mains, 
laundry  equipment,  sterilizers,  water  and  oil  heaters  and  other  equipment.  This 
type  of  trap  is  particularly  suited  for  use  where  there  are  pulsating  pressures,  such  as 
draining  steam  lines  and  separators  to  reciprocating  pumps  or  engines.  It  is  not 
influenced  by  pulsations  or  wide  fluctuations  of  pressure.  Upright  bucket  traps  are 
obtainable  in  sizes  varying  from  |  to  2J  in.,  and  for  pressures  varying  from  vacuum  to 
1200  psig.  Fig.  26  illustrates  an  upright  bucket  trap. 

Inverted  Bucket  Traps.  In  this  type  of  trap,  steam,  condensate  and  air  enter  the 
trap  under  the  bell  or  inverted  bucket.  Steam  floats  the  inverted  bucket  and  closes 
the  valve.  Condensate  entering  the  trap  enables  the  inverted  bucket  to  fall,  opening 
the  valve.  The  steam  pressure  entering  through  the  open  valve  discharges  the  trap. 
Air  is  eliminated  automatically  by  passing  through  the  small  vent  hole  located  in  the 
top  of  the  inverted  bucket.  Inverted  bucket  traps  for  use  on  low  pressure  systems, 
particularly  with  blast  coiteor  unit  heaters,  are  usually  furnished  with  a  large  capacity 
opening  equipped  with  a  bi-metallic  thermostatic  element  which  closes  wnen  heated 
by  steam,  and  opens  when  cooled  by  air  and  condensate,  allowing  air  to  escape  from 
the  inverted  bucket  to  the  trap  outlet.  Inverted  bucket  traps  are  used  for  draining 
condensate  and  air  from  blast  coils,  unit  heaters  steam  drips,  laundry  equipment, 
sterilizers,  steam  water  heaters  and  other  equipment.  They  are  particularly  suited 
for  draining  condensate  from  steam  lines  or  equipment  where  abnormal  amounts  of 
air  must  be  discharged,  and  where  there  is  also  foreign  matter  such  as  dirt,  sludge  and 
oil  draining  to  the  trap.  The  discharge  from  inverted  bucket  traps,  like  that  of  the 
upright  bucket  traps,  is  intermittent  and  requires  a  definite  differential  pressure 
between  the  inlet  and  the  outlet  of  the  trap  in  order  to  lift  the  condensate  from  the 
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Inverted  bucket  traps  are  made  in  sizes 
from  vacuum  to  2400  psig.  Figs.  27  and 
bucket  traps  which  are  available  on  the 


bottom  of  the  trap  to  the  outlet  of  same, 
from  |  to  3  in.,  and  for  pressures  varying 
28  illustrate  some  of  the  types  of  inverted 
market  at  the  present  time. 

Flash  Traps.  These  traps  depend  on  the  property  of  condensate  at  a  high  pressure 
and  temperature  to  flash  into  steam  at  a  lower  pressure.  Condensate  flows  freely 
through  the  orifice  of  the  trap  due  to  the  pressure  difference  from  inlet  to  outlet  of 
trap  until  steam  enters  the  inlet  chamber  and  mixes  with  the  remaining  condensate, 
heating  the  condensate  and  causing  it  to  flash,  thereby  choking  the  flow  through  the 
orifice  and  allowing  more  condensate  to  accumulate  in  the  trap.  The  discharge  from 
flash  type  traps  is  intermittent.  There  are  no  moving  parts  in  this  type  of  trap. 
The  orifice,  however,  is  adjustable  for  the  pressure  differential  required.  A  gage 
glass  or  float  indicates  whether  the  trap  is  operating.  These  traps  can  be  used  for 
draining  condensate  from  steam  water  and  oil  heaters,  blast  heaters,  unit  heaters, 
dryers,  vulcanizers,  kitchen  equipment,  laundry  equipment,  evaporators,  steam 
lines  and  other  equipment,  where  the  pressure  differential  between  steam  supply  and 
condensate  return  does  not  drop  below  5  psi.  Flash  type  traps  are  made  in  sizes 
from  i  to  3  in.,  and  for  pressures  varying  from  vacuum  to  450  psig.  Fig.  29  illustrates 
a  trap  of  the  flash  type. 

Impulse  Traps.  These  traps  are  a  modification  of  the  flash  trap,  and  depend  on 
the  same  principle  of  flash  for  their  operation.  In  the  impulse  trap  the  flashing  action 
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FIG.  31.  TILTING  TBAP 


BLOW    OFF 

FIG.  32.  LIFTING  TBAP 


is  utilized  to  govern  the  movement  of  a  valve  by  causing  changes  in  pressure  in  a 
control  chamber  above  the  valve.  When  condensate,  which  is  at  a  low  temperature, 
builds  up  in  this  chamber,  the  flow  through  the  center  orifice  does  not  change  in  volume, 
and,  therefore,  the  discharge  through  the  orifice  reduces  the  volume  in  the  control 
chamber  and  the  valve  opens  to  discharge  air  and  condensate. 

When  steam  comes  in  contact  with  the  trap,  the  condensate  is  heated  and  the  flow 
in  entering  the  control  chamber  flashes  and  increases  the  volume  of  the  control  flow. 
The  discharge  through  the  center  orifice  is  thereby  choked,  pressure  in  the  control 
chamber  builds  up,  closing  the  valve  and  stopping  all  discharge  of  hot  condensate 
except  a  small  amount  that  flows  through  the  center  orifice. 

The  discharge  from  an  impulse  trap  is  pulsating  or  intermittent,  but  not  as  in- 
frequent as  with  the  bucket  type  of  traps.  It  is  entirely  non-adjustable.  Impulse 
traps  can  be  used  for  draining  condensate  from  steam  mains,  unit  heaters,  laundry 
equipment,  kitchen  equipment,  oil  and  water  heaters,  sterilizers,  and  other  equip- 
ment where  the  pressure  at  the  trap  outlet  is  25  per  cent  or  less  than  that  of  the  inlet 
pressure.  Impulse  traps  are  made  in  sizes  from  f  to  2  in.,  and  for  pressures  ranging 
from  one  to  600  psig.  Fig.  30  illustrates  a  trap  of  the  impulse  type, 

Tilting  Traps.  This  type  of  trap  as  the  name  implies  depends  for  its  operation  on 
the  tilting  of  the  trap  receiver.  When  the  receiver  is  in  a  horizontal  position  con- 
densate accumulates  until  the  weight  of  condensate  overbalances  that  of  a  counter- 
weight, when  the  receiver  tilts.  The  tilting  action  opens  the  discharge  valve,  and 
steam  pressure  pushes  the  condensate  out  of  the  open  discharge  valve.  When  the 
receiver  tank  is  emptied,  except  for  a  slight  water  seal,  the  receiver  drops  back  to  its 
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horizontal  position  and  closes  the  discharge  valve,  and  is  again  in  position  to  accumu- 
late condensate. 

Tilting  traps  are  necessarily  intermittent  in  operation,  except  that  once  the  trap 
is  in  the  discharge  position,  it  will  discharge  condensate  continuously  as  long  as  the 
flow  of  condensate  is  sufficient  to  overcome  the  balance  of  the  counterweight. 

This  type  of  trap  employs  packing  around  the  trunnion  and  valve  stem  in  order 
to  prevent  the  loss  of  steam  and  condensate.  Tilting  traps  are  used  for  draining 
laundry  and  dry  cleaning  equipment,  steam  cookers,  drips  from  steam  mains,  steam 
separators  and  purifiers  and  other  equipment.  They  are  made  in  sizes  from  1  to  3 
in.,  and  for  pressures  varying  from  0  to  250  psig.  Fig.  31  illustrates  a  type  of  tilting 
trap  which  is  in  use  at  the  present  time. 

Lifting  Traps.  This  type  of  trap  is  an  adaptation  of  the  upright  bucket  trap. 
It  has  the  added  feature  of  an  auxiliary  pressure  inlet  through  which  steam  is  intro- 
duced at  a  pressure  higher  than  that  of  the  trap  inlet  pressure.  This  high  pressure 
steam  forces  the  condensate  to  a  point  above  the  trap,  and  against  a  back  pressure 
higher  than  that  which  is  possible  with  normal  steam  pressure.  Lifting  traps  are 
made  in  sizes  from  one  to  3  in.,  and  for  pressures  ranging  from  vacuum  to  150  psig. 
Fig.  32  illustrates  a  trap  of  the  lifting  type. 

Boiler  Return  Trap  or  Alternating  Receiver.  This  device  is  not  actually  a  steam 
trap  in  that  it  is  not  used  to  trap  or  hold  steam,  but  is  an  adaptation  of  the  lifting 
trap.  It  is  used  for  returning  condensate  to  a  low  pressure  boiler,  when  due  to  excess 
pressure,  the  condensate  cannot  flow  to  the  boiler  by  gravity  without  flooding  the  re- 
turn mains,  and  endangering  the  boiler  by  permitting  it  to  go  dry.  The  boiler  return 
trap  is  a  vessel  into  which  condensate  alternately  collects  and  is  discharged  into  the 
boiler  by  boiler  steam  pressure.  These  traps  are  available  in  sizes  from  1J  to  2J  in., 
and  for  pressures  varying  from  0  to  100  psig.  A  typical  boiler  return  trap  is  shown 
in  Fig.  33,  and  a  typical  connection  to  a  low  pressure  heating  system  is  indicated  in 
Fig.  13. 

Steam  Trap  Installations 

The  following  general  rules  should  govern  the  installation  of  traps  of  all 

types: 

1.  A  vertical  drip  as  long  as  possible  and.  a  strainer  should  be  installed  between  the 
trap  and  the  apparatus  it  drains.  Exceptions  to  this  rule  are  the  installation  of  ther- 
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mostatlc  traps  in  radiators,  eonvectors  and  pipe  coils.  These,  in  general,  are  at- 
tached directly  to  the  units  without  strainers. 

2.  Whenever:!^  is  necessary  to  maintain  in  continuous  service,  apparatus  which  is 
to  be  drained,  It  is  advisable  to  install  a  gate  valve  on  each  side  of  the  trap,  and  a 
valved  by-pass  around  the  trap,  so  that  the  trap  may  be  removed  and  repaired  and 
condensate  drained  through  the  throttled  by-pass  valve, 

8.  Whenever  it  Is  necessary  to  install  traps  for  lift  service,  as  when  the  condensate 
must  be  discharged  to  a  main  located  above  the  trap  or  where  the  trap  must  discharge 
against  a  definite  back  pressure,  a  check  valve  and  a  gate  valve  should  be  installed 
on  the  discharge  side  of  the  trap,  the  check  valve  to  prevent  continuous  pressure  on 
the  discharge  side  of  the  valve,  and  the  gate  valve  to  shut  of  pressure  in  case  th©  trap 
is  removed  for  service  or  repair. 

DRIPS 

A  steam  main  in  any  type  of  steam  heating  system  may  be  dropped  to  a 
lower  level  without  dripping  if  the  pitch  is  downward  with  the  direction  of 
steam  flow.  Any  steam  main  in  any  heating  system  can  be  elevated  if 
dripped.  Fig.  34  shows  a  connection  where  the  steam  main  is  raised  and 
is  drained  to  a  wet-return.  If  the  elevation  of  the  low  point  is  above  a 
dry-return,  it  may  be  drained  through  a  trap  to  the  dry-return  in  two-pipe 
vapor,  vacuum  and  sub-atmospheric  systems.  Horizontal  steam  pipes 
may  also  be  run  over  obstructions  without  a  change  in  level,  if  a  small  pipe 
is  carried  below  the  obstruction  to  care  for  the  condensate  (Fig.  35). 
Horizontal  return  pipes  may  be  carried  past  doorways  and  other  ob- 
structions by  using  the  scheme  illustrated  in  Fig.  36.  It  will  be  noted 
that  the  large  pipe,  in  this  case,  runs  below  the  obstruction,  and  the  smaller 
one  over  it. 

Branches  from  steam  mains  in  one-pipe  gravity  steam  systems  should 
use  the  preferred  connection  shown  in  Fig.  37,  but  where  radiator  conden- 
sate does  not  flow  back  into  the  main,  the  acceptable  method  shown  in  the 
same  figure  may  be  used.  This  acceptable  method  has  the  advantage  of 
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giving  a  perfect  swing  joint  when  connected  to  the  vertical  riser  or  radia- 
tor connection,  whereas  the  preferred  connection  does  not  give  this  swing 
without  distorting  the  angle  of  the  pipe.  Kunouts  are  usually  made  about 
5  ft  long  to  provide  flexibility  for  movement  in  the  main. 

Offsets  in  steam  and  return  piping  should  preferably  be  made  with 
90-deg  ells,  but  occasionally  fittings  of  other  angles  are  used,  and  in  such 
cases  the  length  of  the  diagonal  offset  will  be  found  as  shown  in  Fig.  38. 

Dirt  pockets,  desirable  on  all  systems  employing  thermostatic  traps, 
should  be.  so  located  as  to  protect  the  traps  from  scale  and  sludge  which 
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will  interfere  with  their  operation.  Dirt  pockets  are  usually  made  8  in. 
to  12  in.  deep,  and  serve  as  receivers  for  foreign  matter  which  otherwise 
would  be  carried  into  the  trap.  They  are  constructed  as  shown  in  Fig.  39. 

On  vapor  systems  where  the  end  of  the  steam  main  is  dripped  down 
into  the  wet-return,  the  air  venting  at  the  end  of  the  main  is  accomplished 
by  an  air  vent  passing  through  a  thermostatic  trap  into  the  dry-return 
line  as  shown  in  Fig.  40.  On  low  pressure  or  vacuum  systems,  the  ends  of 
the  steam  mains  are  dripped  and  vented  into  the  return  through  drip 
traps  opening  into  the  return  line.  A  float  and  thermostatic  type  trap  is 
recommended  for  dripping  steam  mains  and  risers  as  indicated  in  Figs. 
41  and  42. 

The  dripping  of  high  pressure  mains,  or  of  equipment  using  high  pressure 
steam  into  low  pressure  or  vacuum  returns,  is  generally  accomplished  by  the 
use  of  a  flash  tank  or  flash  leg  into  which  the  high  pressure  trap  is  arranged 
to  discharge.  This  tank  provides  the  required  space  for  the  flashing  from 
high  temperature  condensate  to  low  pressure  steam  to  take  place.  The 
low  pressure  steam  therein  generated  is  passed  directly  to  the  low  pressure 
steam  mains,  and  the  condensate  is  discharged  through  a  second  trap  to  the 
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low  pressure  or  vacuum  return.    A  typical  arrangement  of  a  flash  leg,  with 
sizes  required  for  varying  capacities,  is  given  in  Fig.  43, 

CONNECTIONS  TO  HEATING  UNITS 

Riser,  radiator  and  convectpr  connections  must  not  only  be  properly 
pitched  at  the  time  they  are  installed,  but  must  be  arranged  so  that  the 
pitch  will  be  maintained  under  the  strains  of  expansion  and  contraction. 
These  connections  may  be  made  by  swing  joints  which  permit  the  ex- 
pansion or  contraction  tO'Occur  under  heating  and  cooling  without  bending 
of  pipes.  To  take  care  of  expansion  in  long  risers,  either  expansion  joints 
of  commercial  construction  or  pipe  swing  joints  are  used.  Anchoring  of 
pipes  between  expansion  joints  is  desirable. 

Two  satisfactory  methods  of  making  runouts  for  one-pipe  systems  for 
either  the  up-feed  or  the  down-feed  type  are  shown  in  Fig.  44.  Where 
the  vertical  distance  is  limited  and  the  runouts  must  run  above  the  floor, 
the  radiator  may  be  set  on  pedestals  or  raised  by  means  of  high  legs.  Two 
methods  of  connecting  a  unit  heater  to  a  one-pipe  steam  heating  system 
are  illustrated  in  Fig.  2  (and  also  in  Fig.  5  of  Chapter  24) . 
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Typical  two-pipe  radiator  connections  are  shown  in  Fig.  45  and  46. 
While  these  show  top  inlet  supply  connections  which  are  preferred,  it  is 
also  possible  to  connect  the  supply  to  the  bottom  of  the  radiator.  Short 
radiators  may  be  connected  with  top  supply  and  bottom  return  on  the 
same  end. 

A  typical  method  of  connecting  convectors  is  shown  in  Pig.  47.  Some- 
times the  supply  valve  is  omitted  on  convector  connections,  and  a  damper 
is  supplied  in  the  outlet  grille  for  heat  control. 

A  typical  connection  for  finned  pipe  convectors  is  shown  in  Fig.  48. 

Typical  connections  to  blast  heaters  are  shown  in  Figs.  49,  50,  and  51. 
Fig.  52  shows  a  typical  return  and  connection  for  blast  heaters  connected  to 
high  pressure  systems. 

A  typical  two-pipe  connection  to  a  unit  heater  is  indicated  in  Fig.  53. 

CONTROL  VALVES 

Gate  valves  are  recommended  in  all  cases  where  service  demands  that 
the  valve  be  either  entirely  open  or  entirely  closed,  but  they  should  never 
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FIG.  52.  TYPICAL  RETURN  CONNECTIONS  TO  FINNED  TUBE  BLAST 
HEATEES  WITH  HIGH  PRESSURE  STEAM 


CHAPTER  20 


1950  Guide 


SUPPLY  MAIN 


INLET  VALVE 


DIRT  POCKET 


UNIT  HEATER 


STRAINER 


)        FLOAT  AND 
(          THERMOSTATIC 
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FIG.  53.  TYPICAL  UNIT  HEATER  CONNECTIONS 
FOR  TWO-PIPE  SYSTEM 


be  used  for  throttling.  Angle  globe  valves  and  straight  globe  valves  should 
be  used  for  throttling  in  such  cases  as  by-passes  around  pressure  reducing 
valves  or  on  by-passes  around  traps, 
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CHAPTER  21 

HOT  WATER  HEATING  SYSTEMS  AND  PIPING 

Available  Head;  Friction  Loss;  Classification;  System  Design;  Examples  of  Piping 

Design;  One-Pipe  Gravity,  One-Pipe  Forced  Circulation,  Two-Pipe  Gravity,  and 

Two-Pipe  Forced  Circulation  Systems,  Expansion  Tanks, 

Installation  Details,  Zoning  of  Systems 

A  HEATING  system  is  called  a  hot  water  system  if  water  is  used  to 
jflLconvey  heat  by  flowing  through  pipes  connecting  a  boiler  or  water 
heater  with  radiators,  convectors  or  other  suitable  heat  dispensing  means. 
There  are  two  types:  the  gravity  system  in  which  the  water  lows  by 
virtue  of  thermo-syphon  action,  and  the  forced  system  in  which  a  pump, 
usually  driven  by  an  electric  motor,  sometimes  by  a  steam  turbine  or  other 
means,  maintains  the  necessary  flow.  Most  panel  heating  systems  (see 
Chapter  23)  fall  into  the  category  of  forced  hot  water  systems,  and  the 
design  procedures  pertaining  to  pipe  sizing  and  friction  contained  in  this 
chapter  are  largely  applicable  to  such  systems. 

Historically,  the  gravity  system  is  much  the  older,  and  many  such  sys- 
tems have  been  in  satisfactory  operation  for  several  decades.  Operation 
depends  on  the  difference  in  density  of  the  water  due  to  difference  in  tem- 
perature in  the  flow  and  return  pipes.  The  available  head  is  therefore 
limited,  and  the  pipes  must  be  ample  in  size  to  permit  adequate  flow  of 
water.  In  the  forced  system,  the  pipes,  valves  and  fittings  can  be  much 
smaller,  with  a  resultant  saving  in  the  cost  of  installation,  since  the  available 
head  is  limited  only  by  consideration  of  economy  in  pumping  the  water. 
With  the  forced  system,  higher  boiler  temperatures  and  automatic  control 
of  the  pump  or  circulator  make  possible  the  use  of  indirect  water  heaters 
wittthot  water  systems  when  that  is  desirable.  (See  Chapter  48)  . 

AVAILABLE  CIRCULATION  HEAD 

The  available  head  in  a  gravity  circulation  system  may  be  found  from 
the  equation: 


x  2-31  x  12>000 


* 

144 

where 

h*  =*  available  head  per  foot  of  height,  milinches  (1  milinch  =*  1/1000  of  1  in. 

of  water)  . 
.  Pl  =  average  density  of  flow  water,  pounds  per  cubic  foot. 

pa  =  average  density  of  return,  pounds  per  cubic  foot. 
144  «  square  inches  per  square  foot. 
2.31  =  height  of  water  column  equivalent  to  1  psi,  feet. 
12,000  =  milinches  equivalent  of  1  ft  of  water  column. 

The  available  head  may  also  be  found  from  Fig.  1.  For  example,  at  a 
flow  temperature  of  200  F  and  a  35  deg  drop,  and  with  the  mains  located 
4  ft  above  the  top  of  the  boiler,  a  head  of  600  milinches  is  obtained.  This 
is  found  by  following  the  200  F  flow  riser  line  in  Fig.  1  to  its  intersection 
with  the  165  F  return  riser  line,  and  then  reading,  horizontally,  a  head  of  150 

485 


486 


CHAPTER  21 


1950  Guide 


milincb.es  per  foot,  or  600  milinch.es  for  4  ft.  If  the  first  floor  radiators 
are  located  3  ft  above  the  mains,  second  floor  radiators  12  ft  above  the 
mains,  third  floor  21  ft,  and  fourth  floor  30  ft,  the  heads  are  450,  1800, 
3150,  and  4500  milinches,  respectively. 

In  forced  circulation  systems  flow  is  produced  mechanically  by  means 
of  a  pump  driven  by  electricity,  steam,  or  other  source  of  energy.    As 
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FIG,  1.  HEADS  RESULTING  FROM  TEMPERATURE  DIFFERENCE  (GRAVITY  SYSTEMS) 

forced  circulation  velocities  are  higher  than  those  in  gravity  systems,  and 
as  the  friction  in  a  heating  system  varies  almost  as  the  square  of  the  velocity, 
a  given  error  in  the  calculation  or  assumption  of  the  velocity  is  less  im- 
portant in  a  forced  circulation  system  than  in  a  gravity  circulation  system, 
and,  consequently,  it  is  easier  to  design  a  satisfactory  forced  circulation 
system  than  a  satisfactory  gravity  circulation  system. 

FRICTION  LOSS 

Values  of  friction  loss  due  to  flow  of  water  in  the  various  parts  of  a  heat- 
ing system  must  be  known  in  order  to  design  either  gravity  or  forced  circu- 
lation systems.  The  friction  loss  of  fittings  is  customarily  expressed  in  equiv- 
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TABLE  1.  IKON  AND  COPPER  ELBOW  EQUIVALENTS* 


FITTING 

IRON 
PIPE 

COPPER 
TUBING 

FITTING 

IRON 
PIPE 

COPPER 

TUBING 

Elbow,  90-deg    .    . 

10 

1  0 

Angle  radiator  valve 

2.0 

3.0 

Elbow,  45-deg  

0.7 

07 

Radiator  or  con  vector  

3.0 

4.0 

Elbow,  90-deg  long  turn._. 

0.5 

0.5 

Boiler  or  heater.-  

3.0 

4.0 

Elbow,  welded,  90-deg.  

0,5 

0.5 

Reduced  coupling  

0.4 

0.4 

Tee,    per    cent    flowing 

Open  return  band  

1.0 

1.0 

through  branch: 

Open  gate  valve  

0.5 

0.7 

100  

L8 

1.2 

Open  globe  valve  

12.0 

17,0 

50  

4.0 

4.0 

25  

16.0 

20.0 

a  The  friction  in  one  90  deg  standard  elbow  is  approximately  equal  to  the  friction  of  a  length  of  straight 
pipe  of  the  same  nominal  size  and  25  diam  long.  Hence,  one  elbow  equivalent  in  feet  of  pipe  equals  25  diam 
(in  inches)  divided  by  12. 
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FIG,  2.  FRICTION  IN  BLACK  IRON  PIPES  BASED  ON  FLOW  IN  POUNDS  PEE  HOUK 

alent  number  of  elbows  of  the  same  pipe  size  which  would  have  the  same 
friction  loss.  An  elbow  is  assumed  to  have  the  same  friction  loss  as  a- 
straight  pipe  having  a  length  equal  to  25  diameters  (nominal)  of  the  elbow. 

The  resistance  of  various  types  of  fittings  expressed  in  equivalent  elbow 
resistance  is  shown  in  Table  L 
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TABLE  2.   HEAT-CARRYING  CAPACITY  OF  STANDARD  BLACK  PIPES 
WITH  TEMPERATURE  DROP  OF  20  DEGS 

Nominal  Pipe  Sizes  y%  in.  to  12  in.,  and  Friction  4  to  800  milinches  per  foot  (A  =  Capacity, 
Mbk.   B  —  Velocity,  inches  per  second)  (One  milinch  equals  0.001  in.} 


MILINCH  Fwo 
TTON  LOSS  PEB 
FOOT  OP  PIPE 

NOMINAL  PIPE  SIZE,  INCHES 

% 

H 

X 

1 

IX 

VA 

2 

2J^ 

3 

3^ 

4 

5 

6 

8 

10 

12 

4 

A 

B 

0.75 
1.5 

1.35 

1.7 

2.85 
2.1 

5.4 
2.4 

11.3 

2.9 

17.0 
3.2 

33.0 
3.8 

53.1 
4.3 

95 

5.0 

141 
5.5 

197 
6.0 

248 
7  " 

363 

7.0 

596 
7.9 

1250 
9.6 

2320 
11 

3730 
12 

4690 
16 

0 

A 
B 

0.9 

1.8 

1.7 
2.1 

3.6 
2.6 

6.75 
3.0 

14.0 
3.6 

21.2 
4.0 

41.3 
4.7 

66.4 
5.3 

119 
6.2 

176 
6.9 

456 

8.8 

748 
10 

1570 
12 

2920 
14 

.  8 

A 
B 

LOS 
2.1 

2.0 
2.5 

4.2 
3.0 

7.9 
3.5 

16.4 
4.2 

24.8 
4.7 

48.4 
5.6 

77.9 
6.3 

140 
7.3 

207 
8.0 

291 
8.8 

535 
10 

879 
12 

1850 
14 

3440 
17 

5520 
19 

10 

A 
B 

1.2 
2.4 

2.2 
2.8 

4.7 
3.4 

8.9 
4.0 

18.6 
4.8 

28.0 
5.3 

54.7 
6.3 

88.1 
7.1 

158 
8.2 

234 
9.1 

329 
9.9 

605 
12 

997 
13 

2100 
16 

3910 
19 

6270 
27 

12 

A 
B 

1.35 
2.7 

2.45 
3.1 

5.2 
3.7 

9.8 
4.4 

20.5 
5.3 

31.0 
fi.9 

60.4 
6.9 

97.4 
7.8 

175 
9.1 

259 
10 

364 
•11 

671 
13 

1100 
15 

2320 
18 

4330 
21 

6950 
24 

14 

A 
B 

1.45 
2.9 

2.65 
3.4 

5.65 
4.1 

10.7 
4.8 

22.3 
5.7 

33.7 
6.4 

65.8 
7.6 

106 
8.5 

190 
9.9 

282 
11 

397 
12 

731 
14 

1200 
16 

2530 
20 

4730 
23 

7590 
26 

16 

A 
B 

1.55 
3.1 

2.85 
3.6 

6.05 
4.4 

11.5 
5.1 

24.0 
6.2 

36.3 
6.9 

70.8 
8.1 

114 
9.7 

205 
11 

303 

12 

428 
13 

787 
15 

1300 
17 

2730 
21 

5100 
25 

8190 
28 

20 

A 
B 

1.75 
3.5 

3.25 
4.1 

6.85 
4.9 

13.0 
5.8 

27.1 

7.0 

41.0 

7.7 

80.0 
9.2 

129 
10 

232 
12 

344 
13 

484 
15 

892 
17 

1470 
20 

3100 
24 

5790 
28 

9300 
32 

25 

A 
B 

2.0 

4.0 

3.65 
4.6 

7.75 
5.6 

14.7 
6.5 

30.6 

7.9 

46.3 

8.8 

90.5 
10 

146 
12 

263 
14 

389 
15 

548 
17 

1010 
19 

1670 
22 

3510 
27 

6570 
32 

10560 
36 

30 

A 
B 

2.2 
4.4 

4.0 
5.1 

8,55 
6.1 

16.2 
7.2 

33.8 
8.7 

51.2 
9.7 

100 
11 

162 
13 

290 
15 

430 
17 

607 
18 

1120 
22 

1850 
25 

3900 
30 

7280 
35 

11710 
40 

35 

A 
B 

2.35 

4.7 

4.4 

5.5 

9.3 
6.7 

17.6 
7.9 

36.8 
9.5 

55.7 
11 

109 
13 

176 
14 

316 
16 

469 
18 

661 
20 

1220 
23 

2010 
27 

4250 
33 

7940 
39 

12780 
44 

40 

A 
B 

2.55 
5.1 

4.7 

5.9 

10.0 
7.2 

18.9 
8.4 

39.6 
10 

59.9 
11 

117 
13 

189 
15 

341 

18 

505 
20 

712 
22 

1320 
25 

2170 
29 

4580 
35 

8570 
42 

13780 
47 

15650 
54 

50 

A 
B 

2.85 
5.7 

5.3 

J6.7 

11.3 
8.1 

21.4 
9.5 

44.7 
12 

67.7 
13 

133 
15 

214 
17 

386 
20 

572 
22 

807 
24 

1490 
29 

2460 
33 

5190 
40 

9720 
47 

60 

A 
B 

3.15 
6.3 

5.85 
74 

12.4 
8.9 

23.6 
11 

49.4 
13 

74.9 
14 

147 
17 

238 
19 

427 
22 

633 
25 

893 
27 

1650 
32 

2730 
36 

5760 

44 

10780 
52 

17300 
60 

70 

A 
B 

3.45 
6.9 

6.35 
8.0 

13.5 
9.7 

25.7 
11 

53.8 
14 

81.4 
15 

160 
18 

258 
21 

465 
24 

690 
27 

973 

29 

1800 
35 

2970 
40 

6280 
48 

11760 
57 

18950 
65 

80 

A 
B 

3,7 

7.4 

6.8 
8.6 

14.5 
10 

27.6 
12 

57.9 
15 

87.6 
17 

172 
20 

278 
22 

500 
26 

743 

29 

1050 
32 

1940 
37 

3200 
43 

6770 
52 

12690 
62 

20440 
70 

100 

A 
B 

4.15 
8.3 

7.7 
9,7 

16.4 
12 

31.1 
14 

65.4 
17 

99.0 
19 

194 
22 

314 

25 

566 
30 

840 
33 

1190 
36 

2200 
42 

3630 
48 

7680 
59 

14400 
70 

23200 
80 

150 

A 
B 

5.2 

10 

9.6 
12 

20.4 
15 

38.8 
17 

81.6 
21 

124 
23 

243 

28 

393 
32 

709 
37 

1050 
41 

1490 
45 

2760 
53 

4560 
61 

9650 

74 

18120 
88 

29220 
101 

200. 

'A  ' 
B 

6.05 
12 

11.2 
14 

23.9 
17 

45.4 

20 

95.5 
25 

145 
27 

285 
33 

461 
37 

832 
43 

1240 
48 

1750 
53 

3240 
62 

5360 
71 

11350 

87 

21320 
104 

34400 
118 

300 

,  A 
B  . 

7,5 
15 

13.9 

18 

29.7 
21 

56.6 
25 

119 
31 

181 
34 

356 
41 

577 
46 

1040 
54 

1550 
60 

2190 

66 

4060 
78 

6730 
90 

14270 
110 

26830 
131 

43300 
149 

400 

A 
B 

8.75 

18 

16.2 
21 

34.7 
26 

66.2 

30 

no 

36 

212 

40 

417 
48 

676 
54 

1220 
64 

1820 
71 

2570 

78 

4780 
92 

7910 
105 

16790 
129 

31580 
154 

51000 
175 

$00 

A 
B 

9.85 
20 

18.3 
23 

39.2 
29 

74.8 
33 

158 
41 

239 
45 

471 
54 

765 
62 

1380 
72 

2060 
80 

2910 

88 

5410 
104 

8970 
119 

19040 
147 

35840 
174 

57880 
199 

600 

A 
B 

10.0 
22 

20.2 
26 

43.2 
32 

82.5 
37 

174 
45 

264 
50 

521 
60 

846 
68 

1530 
80 

2280 
89 

3220 
97 

5990 
115 

9930 
132 

21100 
162 

39740 
193 

64210 
221 

800 

A 
B 

12.7 
25 

23.6 
30 

50.5 
37 

96.5 
43 

204 
52 

310 
59 

610 
70 

992 

80 

1790 
94 

2670 
104 

3780 
114 

7030 
135 

11670 
155 

24820 
191 

46780 
228 

75620 
260 

aFor  other  temperature  drops  the  pipe  capacities  may  be  changed  correspondingly.   For  example,  with 
ft  temperature  drop  of  30  deg  the  capacities  shown  in  this  table  are  to  be  multiplied  by  1.5. 
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HEAT   CONVEYED  PER  HOUR  IN  1000  Btu 
THE  DIFFERENCE  IN  TEMPERATURE  OF  THE  WATER  IN  THE  FLOW  AND  RETURN  RISERS  BEING  ZOf 

FIG.  3.  FRICTION  IN  BLACK  IRON  PIPES 

To  find  friction  when  temperature  drop  is  other  than  20  deg,  multiply  the  actual  heat  conveyed 
by  (  actual  temp,  drop  )  and  read  the  COTr<*P°ndinS  frictioa- 

The  friction  loss  in  black  iron  pipes  for  a  determined  weight  of  water  may 
be  obtained  from  Fig.  2.  For  the  frequently  used  temperature  drop  of 
20  deg,  the  friction  loss  may  be  determined  directly  from  the  heat  require- 
ment by  means  of  Table  2  or  Fig.  3  for  black  iron  pipes,  or  by  means  of 
Table  3  for  copper  tubing. 

Orifices  drilled  in  plates  inserted  in  pipe  unions  are  convenient  means 
for  introducing  friction,  where  required  to  balance  various  circuits.  The 
friction  losses  caused  by  various  sizes  of  orifices  are  given  in  Table  4. 

CLASSIFICATION  OF  SYSTEMS 

Gravity  or  forced  systems  of  piping  may  be  classified  according  to  piping 
arrangement  and  type  of  circulation  as  shown  in  Table  5.^  Flow  and 
return  main  piping  (gravity  systems)  for  one-pipe,  two-pipe  direct  return, 
and  two-pipe  reversed  return  systems  are  shown  in  Figs.  4,  5,  and  6,  re- 
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FIG,  4.  ONE-PIPE  SYSTEM 


FIG.  5.  A  TWO-PIPE 

DIRECT  RETUHN 

SYSTEM 


FIG.  6.  A  TWO-PIPE 

REVERSED  RETURN 

SYSTEM 


spectively.     These  figures  would  also  illustrate  forced  circulation  if  a  pump 
or  circulator  were  shown  in  the  return  line  at  the  boiler. 

One-pipe  gravity  systems  require  very  precise  design  owing  to  the  small 
circulating  head  available.  Also,  circulation  in  them  is  slow,  and  tem- 
perature drop  is  large  toward  the  end  of  the  main,  and  consequently  these 
systems  are  usually  considered  impractical. 

One-pipe  forced  systems  compared  with  gravity  systems  provide  more 
rapid  circulation,  with  consequent  smaller  temperature  drop  in  mains 
and  more  uniform  water  temperature  in  all  radiators,  and  are  therefore 
preferred.  Special  flow  and  return  fittings  are  available  for  improving  the 
circulation  to  risers. 

Two-pipe  systems  have  separate  flow  and  return  mains.  If  the  return 
main  is  direct  as  shown  in  Fig.  5  the  radiator  at  the  end  of  the  system  has 

TABLE  3.    HEAT-CABKYING  CAPACITY  OP  TYPE  L  COPPER  TUBING 

WITH  TEMPERATURE  DROP  OP  20  DEG* 

Nominal  Tube  Sizes  f  in.  to  4  *».,  and  Friction  60  to  780  milinches  per  foot.    (A  — 
Capacity,  Mbh.    B  =  Velocity ,  inches  per  second]  (One  milinch  equals  0.001  in.) 


NOMINAL  TUBB 
SIZE,  IN. 

MILINCH  FRICTION  Loss  PER  FOOT  OP  TTOTE 

720 

600 

480 

360 

300 

240 

180 

150 

120 

90 

75 

60 

H 

A 
B 

10 
27 

9 
24 

8 
21 

6.8 

18 

6.2 
16.5 

5.4 
14 

4.6 
13 

4 
11 

3.6 
10 

3 

8.5 

2.8 

8 

2.4 

7 

M 

A 
B 

20 
35 

18 
30 

16 

25 

13.5 
21 

12 
10 

10,8 
17 

9 
15 

8 
13 

7 
12 

6 

10 

5.4 
9 

4.7 

8 

n 

A 
B 

36 
37 

30 
34 

26 
30 

22.1 
24 

20 
21 

17.8 
19 

15 
17 

13.1 
15 

11.8 
13 

9.9 

11 

9 
10 

7.9 
9 

H 

A 
B 

51 
42 

46 
38 

40 
33 

34 
27 

31 
24 

28 
21 

23.2 
19 

20.5 
17 

18.1 
14 

15.3 
12 

13.9 
11.5 

12.1 
10 

i 

A 
B 

104 

48 

94 
45 

82 
30 

70 
34 

63 
30 

56 
25 

47 
22 

42 
19 

37 
17 

32 

14.5 

28 
13 

25 
12 

IK 

A 
B 

185 
55 

169 
51 

149 
45 

125 
39 

112 

35 

100 
30 

84 
25 

75 

22 

66 
19 

56 
17 

50 
15 

4' 

lc 

IK 

A 
•B 

300 
62 

270 
57 

235 
51 

200 
43 

180 

39 

160 
35 

134 
30 

120 
25 

105 
22 

90 
19 

81 
17 

71 
15 

2 

A 
B 

625 

76 

560 
63 

495 
59 

420 
51 

375 
47 

335 
42 

280 
36 

250 
32 

200 
27 

188 
22 

170 
20 

150 
18 

m 

A 
B 

1130 
90 

1010 
80 

890 
69 

750 
58 

680 

49 

€00 
47 

500 
42 

450 
37 

895 
33 

335 
26 

305 
23 

270 
21 

3 

A 
B 

1840 
98 

1050 
90 

1450 
SO 

1210 
66 

1100 
59 

980 
52 

820 
47 

740 
,42 

650 
36 

550 
30 

490 
27 

420 
23 

m 

A 
B 

2750 
110 

2480 
100 

2170 
89 

1840 
75 

1650 
66 

1450 
57 

1210 
51 

1100 
45 

980 
40 

820 
35 

740 
30 

650 
26 

4 

A 
B 

3900 
120 

3505 
108 

3100 
96 

2600 
83 

2350 
73 

2090 
63 

1760 
55 

1580 
49 

1390 
44 

1180 
37 

1080 
34 

950 
29 

B  For  other  temperature  drops  the  pipe  capacities  may  be  changed  correspondingly.    For  example,  with 
temperature  drop  of  30  deg  the  capacities  shown  in  this  table  are  to  be  multiplied  by  1 .5. 
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TABLE  4.    FRICTION  (IN  MILINCHES)  OF  CENTRAL  CIRCULAR 
DIAPHRAGM  ORIFICES  IN  UNIONS 

(One  milinch  equals  0.001  in.) 


DlAOTTER 

OP 

VELOCITY  OF  WATER  IN  PEPB  IN  INCHES  PER  SECOND 

(INCHES) 

2 

3              4 

6 

8 

10 

12 

18 

24         J      36 

%-in.  Pipe 

0.25 

1300 

2900 

5000 

11,300 

20,800 

32,000 

45,000 

0.30 

650 

1450 

2500 

5700 

10,400 

16,000 

23,000 

57,000 

0.35 

330 

740 

1300 

2900 

5200 

8000 

12,000 

26,000 

47,000 

0.40 

170 

380 

660 

1500 

2600 

4000 

6800 

13,000 

24,000 

53,000 

0.45 

185 

330 

740 

1300 

2000 

2900 

6500 

12,000 

27,000 

0.50 

155 

350 

620 

970 

1400 

3200 

5700 

13,000 

0.55 

75 

170 

300 

480 

700 

1600 

2800 

6400 

l~in.  Pipe 

0,35 

900 

2000 

3500 

7800 

14,000 

22,000 

32,000 

0.40 

460 

1000 

1800 

4000 

7200 

12,000 

17,000 

37,000 

65,000 

0.45 

270 

570 

1000 

2300 

4100 

6400 

9300 

21,000 

37,000 

0.50 

160 

330 

580 

1400 

2300 

3700 

5400 

12,000 

22,000 

50,000 

0.55 

190 

330 

750 

1300 

2300 

3000 

7000 

13,000 

28,000 

0.60 

200 

440 

800 

1300 

1800 

4200 

7400 

17,000 

0.65 

120 

260 

460 

720 

1100 

2400 

4300 

10,000 

Pipe 


0.45 

1000 

2250 

4000 

8900 

16,000 

25,000 

36,000 

0.50 

660 

1450 

2600 

5800 

10,400 

16,400 

23,000 

53,000 

0.55 

430 

950 

1700 

3800 

6800 

10,500 

15,000 

34,000 

60,000 

0.60 

280 

630 

1100 

2500 

4400 

6900 

10,000 

22,000 

40,000 

0.65 

190 

420 

750 

1700 

3000 

4700 

6700 

15,000 

27,000 

60,000 

0.70 

285 

510 

1150 

2000 

3100 

4500 

10,000 

18,000 

40,000 

0.75 

190 

330 

750 

1300 

2100 

3000 

6700 

12,000 

26,000 

l*/2-in.  Pipe 


0.55 

850 

1900 

3300 

7400 

13,000 

21,000 

30,000 

0.60 

600 

1300 

2300 

5400 

8600 

16,800 

21,000 

50,000 

0,65 

400 

850 

1500 

3600 

7200 

10,400 

14,000 

30,000 

53,000 

0.70 

260 

600 

1100 

2600 

4400 

7000 

10,000 

21,000 

39,000 

0.75 

180 

400 

760 

1800 

3000 

5000 

7000 

14,000 

28,000 

0.80 

300 

540 

1200 

2200 

3200 

5000 

10,200 

19,000 

45,000 

0.85 

200 

380 

860 

1600 

2300 

3000 

7800 

13,000 

30,000 

g-in.  Pipe 


0,70 

890 

1850 

3500 

7400 

14,000 

22,300 

33,000 

0.80 

470 

975 

1800 

3900 

7400 

11,700 

17,000 

37,000 

0.90 

255 

560 

1000 

2200 

4200 

6500 

9500 

20,500 

38,000 

1.00 

160 

340 

610 

1320 

2520 

4000 

5800 

12,500 

23,000 

49,000 

1.10 

214 

375 

850 

1600 

2500 

3700 

7900 

14,000 

30,000 

1.20 

195 

460 

950 

1360 

1910 

4200 

8100 

16,800 

1.30 

275 

525 

980 

1375 

3100 

4400 

8850 

Note. — The  losses  of  head  for  the  orifices  in  the  1^-in.  and  2-in.  pipe  were  calculated  from  those  in  the 
smaller  pipes,  the  calculations  being  based  on  the  assumption  that,  for  any  given  velocity,  the  loss  of  head 
is  a  function  of  the  ratio  of  the  diameter  of  the  pipe  to  that  of  the  orifice.  This  had  been  found  to  be 
practically  true  in  the  tests  to  determine  the  losses  of  head  in  orifices  in  M-in.,  1-in.,  and  IM-in.  pipe,  con- 
ducted by  the  Texas  Engineering  Experiment  Station,  and  also  in  the  tests  to  determine  the  losses  of  head 
in  orifices  in  4-in.,  6-in.,  and  12-in.  pipe,  conducted  by  the  Engineering  Experiment  Station  of  the  University 
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the  longest  supply  and  longest  return  piping.  The  lengths  of  circuits  to 
the  various  radiators  may  be  equalized  by  using  a  reversed  return  main, 
(see  Fig.  8).  In  some  cases  reversed  return  mains  require  no  more  piping 
than  direct  return  systems» 

With  gravity  circulation  and  direct  return  piping  it  is  necessary  to  design 
the  longest  circuit  for  the  available  circulating  head,  and  to  obtain  the  same 
resistance  in  all  other  circuits  by  proper  selection  of  pipe  sizes,  by  addition 
of  fittings,  or  by  use  of  orifices.  When  a  reversed  return  system  is  used, 
it  is  usually  found  that  but  little  adjustment  is  required  to  attain  uniform 
distribution  to  all  radiators. 

Forced  circulation  in  two-pipe  systems,  because  of  increased  available 
circulating  head,  permits  design  for  higher  velocities  with  a  consequent 
reduction  in  pipe  siaes.  The  increased  velocity  also  shortens  the  heating-up 
period  and  facilitates  control  of  circulation.  Reversed  return  mains  are 
also  advantageous  in  forced  circulation  systems,  in  equalizing  piping  re- 
sistance to  all  heating  units. 

TABLE  5.    CLASSIFICATION  OF  HOT  WATEK  HEATING  SYSTEMS 


PIPING  ARRANGEMENT 

TYPE  OF  CIRCULATION 

EXPANSION  TANK 

One-Pipe 

Gravity 

Forced 

Open         Closed 
Open         Closed 

Two-Pipe 
Direct  Return 

Gravity 
Forced 

Open         Closed 
Open         Closed 

Two-Pipe 
Reversed  Return 

Gravity 
Forced 

Open         Closed 
Open         Closed 

PIPING  SYSTEM  DESIGN 

In  designing  hot  water  heating  systems  certain  assumptions  are  usually 
made  for  the  purpose  of  simplification  as  follows ; 

1.  Water  temperature  drop  is  assumed  to  be  30  to  35  deg  for  gravity  systems  and 
20  deg  for  forced  circulation  systems.    These  values  usually  result  in  economical 
design  but,  particularly  in  large  forced  circulation  systems,  it  is  necessary  to  take 
into  account  the  cost  of  pumping  the  water  required  at  various  velocities  in  relation 
to  the  annual  charges  in  the  capital  cost  of  the  system. 

2.  Water  velocities  in  forced  systems  in  excess  of  4  f ps  are  likely  to  cause  disturb- 
ing noises  in  buildings  other  than  factories. 

3.  Design  outlet  water  temperatures  in  gravity  systems  are  generally  selected  be- 
tween 140  and  200  F  (with  the  average  approximately  180  F) ;  while  forced  circulation 
design  temperatures  vary  from  170  to  220  F,  although  higher  temperatures  can  be 
used  if  the  pressure  in  the  system  corresponds. 

4.  For  forced  circulation  systems,  the  allowable  friction  loss,  which  is  based  upon 
the  available  circulating  head,  is  determined  partially  by  the  characteristics  of  the 
pumps  available. 

5.  Forced  hot  water  system  friction  should  usually  be  held  between  600  and  250 
milinches  per  foot.    Above  600  milinches  high  velocities  would  be  encountered,  and 
below  250  milinches  circulation  would  become  too  slow,  so  that  much  of  the  rapid  re- 
sponse expected  from  forced  circulation  would  be  lost. 
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The  water  to  be  circulated  Is 

W-H/(Cbt)  (2) 

where 

W  =  weight  of  water,  pounds  per  hour  [gallons  per  minute  =  W/(S  X  60)]. 

H  —  heat  required,  Btu  per  hour. 

C  —  specific  heat  of  water  (=»  1). 

A£  ~  drop  in  temperature  between  supply  and  return,  Fahrenheit  degrees. 

The  following  graded  series  of  examples  of  the  design  of  hot  water  piping 
systems  will  illustrate  the  fundamental  principles  and  methods.  The 
differences  between  reversed  return  and  direct  return  systems  are  shown, 
and  the  methods  of  balancing  the  several  radiators  or  circuits  are  illustrated. 
A  simple  gravity  system  is  shown  in  Fig.  7,  and  an  elementary  forced  circu- 
lation system  is  diagrammed  in  Fig,  8. 


FIG.  7.  GEAVITT 
SYSTEM 


FIG.  8.  FOKCED  CIK- 

CT7LATION  SYSTEM 


FLOW-RETURN  TEMP  DIFF,  DEG  F/WR 


FIG.  9.  DETERMINA- 

TION OF  BEQTJIBED 

TBMPEBATUBE 

DIFFEBENCE 


Elementary  Gravity  System 

Example  L  A  simple  gravity-circulation  system  is  illustrated  in  Fig.  7  with  one 
radiator  that  is  giving  off  heat  at  the  rate  of  20,000  Btu  per  hr  or  20  Mbh.  The  boiler 
imparts  heat  to  the  water  at  the  same  rate,  and  the  water  circulates  at  a  uniform 
velocity.  This  uniform  velocity  is  such  that  the  friction  of  the  circuit  is  equal  to  the 
head  developed  by  the  difference  in  density  between  the  supply  and  return  water  and 
the  height  of  the  system.  The  circuit  consists  of  1  boiler,  1  radiator,  2  ells,  1  radiator 
valve  and  a  total  of  24  ft  of  pipe. 

Solution.  With  the  average  water  temperatures  of  200  and  180  F  in  the  supply  and 
return  risers,  respectively,  the  head  will  be  90  milinches  per  foot  of  water  column. 
This  head  may  be  found  from  Fig.  1.  Since  the  center  of  the  radiator  is  10  ft  above 
the  center  of  the  boiler,  the  total  head  of  the  circuit  is  10  x  90,  or  900  milinches,  or 
0.9  in.  of  190  F  water.  The  friction  of  the  circuit  must  then  also  be  900  milinches. 
The  friction  of  1  ft  of  1  in.  pipe  is  found  from  Fig.  3  to  be  about  46  milinches  at  20 
Mbh,  and  the  corresponding  velocity  9  in,  per  second.  Note  that  all  values  in  Fig. 
3  are  based  on  a  temperature  difference  of  20  deg. 

Similarly,  if  a  1J  in.  pipe  were  to  be  used,  the  friction  head  would  be  about  12  mil- 
inches  per  foot,  and  the  corresponding  velocity  about  5  in.  per  second,  from  Fig.  3. 

To  find  the  friction  in  the  elbows,  boiler,  radiator,  and  valve,  Table  1  is  used,  and 
the  entire  circuit  is  found  to  be  equal  to  10  elbow-equivalents  plus  24  ft  of  pipe. 
Each  elbow-eguivalent  is  equal  to  a  pipe  length  of  25  times  the  nominal  diameter. 
Then  the  equivalent  lengths  of  straight  pipe  are  45  ft  of  1  in.  pipe  or  50  ft  of  1J  in. 
pipe.  In  many  cases,  it  is  sufficiently  accurate  to  add  50  per  cent  to  the  total  pipe 
length  to  correct  for  resistance  of  fittings. 
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Hence,  if  1  in.  pipe  is  used,  the  friction  of  the  circuit  will  be  45  X  46,  or  2070  mil- 
inches,  and  if  If  in.  pipe  is  used,  the  friction  will  he  50  X  12,  or  600  milinches.  A  I  in. 
pipe  would,  therefore,  be  too  small  and  a  1J  in.  pipe  too  large  to  permit  the  desired 
circulation  with  a  Sow-return  temperature  difference  of  20  deg. 

t  If  the  circuit  is  of  1  in.  pipe,  the  circulation  will  take  place  with  a  temperature 
difference  greater  than  20  deg,  and  if  the  circuit  is  of  It  in.  pipe,  the  circulation  will 
take  place  with  a  temperature  difference  smaller  than  20  deg.  To  find,  for  example, 
the  temperature  difference  at  which  a  circuit  of  1  in.  pipe  would  transmit  the  re- 
quired 20  Mbh,  assume  the  difference  to  be  40  deg. 

From  Fig.  1,  the  head  available  for  producing  circulation  would  be  175  milinches 
per  foot,  or  1750  for  the  system,  for  a  temperature  drop  from  200  to  160  P.  The  fric- 
tion of  the  system  may  be  found  from  Fig.  3j  the  chart  of  this  figure  is  based  on  a  tem- 
perature difference  of  20  deg;  if  the  temperature  difference  were  40  deg,  the  heat 
conveyed  would  be  twice  that  shown  in  the  chart.  Hence,  find  10  Mbh  on  the  lower 
scale,  proceed  vertically  upward  to  the  intersection  with  the  1  in.  line,  and  from  there 
to  the  left  scale  read  13  milinches  per  foot.  Note  that  the  velocity  would  then  be 
only  about  5  in.  per  second.  The  total  friction  would  then  be  45  X  13  or  585  milinches. 
Since  the  head  would  be  1750,  circulation  would  take  place  with  a  temperature  differ- 
ence less  than  40  deg.  The  required  temperature  difference  may  be  determined  by 
constructing  the  diagram  of  Fig.  9,  from  which  it  appears  that  the  temperature  differ- 
ence with  which  the  1  in.  pipe  circuit  would  function  is  about  SO  deg.  Hence,  if  the 
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flow  riser  temperature  is  200,  the  return  riser  temperature  will  be  170 ,  and  the  average 
water  temperature  in  the  radiator  about  185  F. 

Elementary  Forced  Circulation  System 

Example  8.  Design  a  system  for  the  piping  arrangement  shown  in  Fig.  8,  accord- 
ing to  one  of  the  outlined  procedures.  The  procedure  may  be  as  follows :  Assume  tlie 
head  developed  by  the  circulating  pump  and  the  pipe  size  and,  find  the  flow-return 
temperature  difference;  or,  assume  the  nead  developed  by  the  pump  and  the  flow- 
return  temperature  difference,  and  find  the  pipe  size;  or,  assume  the  pipe  size  and  the 
flow-return  temperature  difference,  and  find  the  head  which  the  circulating  purnp 
must  develop. 

Solution.  Assume  that  the  circulating  pump  will  develop  a  head  of  2  ft  or  24,000 
milinches  and  that  a  1  in.  pipe  is  to  be  used.  The  equivalent  length  of  the  circuit  will 
then  be  45  ft,  as  in  Fig.  7,  and  the  available  head  will  be  24,000/45,  or  533  milinches 
per  foot.  In  Fig.  3,  find  533  on  the  left  scale,  move  horizontally  to  the  intersection 
with  the  1  in.  pipe  line,  and  read  about  77  Mbh  delivered  by  the  pipe  (with  a  velocity 
of  about  35  in,  per  second)  for  a  temperature  difference  of  20  deg.  Since  the  circuit 
is  to  deliver  only  20  Mbh,  the  temperature  difference  will  be  20  divided  by  77  and 
multiplied  by  20,  or  5.2  deg.  Hence,  if  the  flow  riser  temperature  is  200 >  the  return 
riser  temperature  will  be  about  195,  and  the  average  water  temperature  in  the  radia- 
tor about  197.5  F. 

If  a  i  in.  pipe  were  used  instead  of  a  1  in.,  the  equivalent  length  of  circuit  would  be 
35  ft  instead  of  45;  the  unit  head,  686  milinches  instead  of  633;  the  velocity,  27  in.  per 
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second  instead  of  35;  the  temperature  difference,  19  J  instead  of  5.2;  and  the  average 
water  temperature  in  the  radiator,  about  190.5  instead  of  197.5  F. 

If  the  1  in.  pipe  is  used  for  the  circuit,  the  gravity  head  will  be  22  milinches  per 
foot,  or  220  for  the  circuit  (Fig.  1,  200  to  195).  Since  this  is  only  1  per  cent  of  the 
pump  head  (24,000  milinches),  it  may  be  neglected  in  the  calculation,  as  was  done 
previously.  However,  there  are  cases  in  which  the  gravity  head  is  so  large  compared 
with  the  pump  head  that  it  should  be  included  in  the  calculation. 

The  methods  just  described  for  the  design  of  the  two  elementary  systems 
are  fundamental,  and  apply  to  the  design  of  all  hot  water  heating  systems. 
In  every  system,  however  large  and  complicated,  the  pipe  system  must  be 
such  that  the  head  forcing  the  water  from  the  boiler  to  any  one  radiator  is 
equal  to  the  friction  in  that  radiator's  circuit  when  the  radiator  is  receiving 
its  proper  quantity  of  hot  water,  and  the  system  is  functioning  at  a 
steady  rate. 

Other  examples  illustrating  design  of  various  systems  follow. 

One-Pipe  Gravity  Circulation  System 

Example  S.  Select  pipe  sizes  for  the  one-pipe  gravity  system  having  a  total  load 
of  67,500  Btu,  shown  in  Fig.  10.  Assume :  How  temperature  190  F,  return  temperature 
160  F,  mains  5  ft  above  datum  plane  of  boiler,  center  plane  of  radiators  4  ft  above  the 
mains,  length  of  main  100  ft. 

Solution:  From  Fig.  1  the  available  circulating  head  for  190  F  flow  and  160  F 
return  temperature  is  126  milinches  per  foot  of  height.  The  available  circulating 
head  for  design  of  the  main  is  therefore  5  X  126  »  630  milinches.  The  measured  length 
of  main,  plus  50  per  cent  added  for  resistance  of  fittings,  equals  150  ft  equivalent 
length. 

The  main  can  then  be  designed  for  a  friction  loss  of  630  -7-150-4  milinches  per 
foot.  From  Table  2  at  4  milinch  friction  loss,  a  2  in.  pipe  will  supply  33  Mbh  and  a 
2?  in.  pipe  will  supply  53.1  Mbh  at  20  deg  drop.  This  is  equivalent  at  30  deg  drop  to 
49.6  Mbh  for  2  in.,  and  79.6  Mbh  for  2J  in.  pipe.  A  2J  in.  main  will  therefore  be  selected, 
and  the  pressure  drop  will  be  somewhat  less  than  4  milinches  per  foot. 

The  piping  from  main  to  radiators  is  sized  in  a  similar  manner.  Assume  that 
water  reaches  point  B>  Fig.  10,  at  190  F  and  has  a  30  deg  drop  in  the  radiator  circuit. 
From  Fig.  1  the  available  head  is  126  milinches  per  foot  of  height  or  a  total  of  4  X 
126  «*  504  milinches  for  the  circuit  (with  the  radiator  4  ft  above  the  main). 

The  measured  length  of  piping  is  11  ft  and 'the^  fittings  add  14  elbow  equivalents 
(which  would  be  equivalent  to  22  ft  if  the  pipe  size  is  assumed  to  be  f  in.) ;  the  equiva- 
lent length  is  therefore  33  ft.  The  circuit  can  therefore  be  designed  for  a  friction 
loss  of  504  -J-  33  =  15  milinches  per  foot. 

From  Table  2  by  interpolation  a  |  in.  pipe  would  supply  |5 .85  Mbh  at|20  deg  drop, 
or  8.78  Mbh  at  30  deg  drop.  Since  the  load  is  9  Mbh,  the  }  in.  size  will  be  satisfactory. 

The  remaining  radiator  circuits  may  be  sized  in  a  similar  manner.  Allowance 
should  be  made  in  one-pipe  gravity  systems  for  the  drop  in  temperature  which  occurs 
in  the  supply  main  as  the  cooler  water  returns  from  the  radiators.  The  drop  will^be 
in  the  same  proportion  to  the  total  drop  of  30  deg  as  the  load  supplied  to  any  point 
in  the  main  bears  to  the  total  system  load;  e.g.,  the  temperature  at  D  will  be  190  — 

X  3<A  -  186  F.    At  point  F  the  temperature  will  be  190  -  (90Q°6*4^50Q  X 
30)  -  181  F. 

One-Pipe  Forced  Circulation  System 

Example  4,  Select  pipe  sizes  for  the  one-pipe  forced  circulation  system  having  a 
load  of  67,500  Btu  shown  in  Fig.  11.  Assume  a  water  temperature  drop  of  20  deg. 
The  water  temperature  does  not  affect  the  size  of  piping,  but  does  affect  the  radiator 
sizes  required. 

Solution:    The  water  to  be  circulated  at  20  deg  drop  will  be  67,500  -s-  20  =  3375 

3375        „ 
Ib  per  hour  or  g><  ^  =  7  gpm. 

By  reference  to  manufacturers1  pump  capacity  charts  (typical  example,  Fig.  12), 
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it^will  be  found  that  a  1  in.  pump  will  deliver  7  gpm  against  a  head  of  4J  ft  (54,000 
milinches) . 

Since  the  main  from  A  to  0  has  an  equivalent  length  of  150  ft  (100  ft  actual  length 
plus  50  per  cent  added  for  friction  loss  in  fittings) ,  the  main  may  be  sized  for  54,000/150 
—  360  milinches  per  foot. 

From  Table  2  by  interpolation  at  360  milinches  friction  loss  and  at  20  deg  drop,  a 
1  in.  pipe  would  supply  62,600  Btu  per  hour,  and  a  1J  in.  pipe  would  supply  131,600. 
Since  the  1  in.  pipe  is  too  small,  a  li  in.  pipe  will  be  used. 

Since  the  1}  in.  pipe  offers  less  than  350  milinches  resistance  per  foot,  the  velocity 
of  water  will  increase  until  the  output  of  the  pump  and  the  friction  loss  are  in  equi- 
librium at  some  point  on  the  pump  performance  curve,  for  instance,  at  10  gpm  and  a 
head  of  4  ft  or  48,000  -5-  150  =  320  milinches  per  foot  of  pipe.  The  friction  loss  in  the 
main  between  flow  and  return  connections  to  radiators  will  be  assumed  to  be  320  mil- 
inches  per  foot. 

In  determining  sizes  for  the  piping  from  the  main  to  any  radiator,  the  resistance 
in  the  radiator  circuit  such  as  B-G  (which  has  a  load  of  9  Mbh)  is  made  equal  to  the 


& 


V: 


s 


IO        2O       30        40       50       6O        70        80       90        IOO       HO       120      130      140       ISO 

DELIVERY    IN    GALLONS    PER    MINUTE 
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resistance  in  the  main  from  B  to  C  which,  if  there  are  3  ft  of  main  between  connec- 
tions, is^X  320  =  960  milinches.  If  the  total  equivalent  length  of  the  radiator  circuit 
determined  by  use  of  Table  1  is  32  ft,  the  radiator  circuit  B-C  will  be  sized  for  a  fric- 
tion loss  of  960  -3-  32  ~  30  milinches  per  foot,  for  which  in  Table  2  a  f  in.  pipe  is  found 
to  supply  8550  Btu  per  hr,,  and  will  be  considered  ample. 

Other  radiator  circuits  such  as  D-E,  F-G,  etc.,  can  be  sized  in  a  similar  manner. 
Two-Pipe  Gravity  System  (with  Reversed  Return) 

Example  5,  Select  pipe  sizes  for  the  two-pipe  gravity  system  shown  in  Fig.  13. 
The  center  plane  of  the  highest  radiator  is  8  ft  above  the  center  plane  of  the  boiler. 
Assume  a  180  F  flow  temperature  and  a  150  F  return  temperature, 

^  Solution.  The  piping  should  be  sized  so  that  the  frietional  resistance  at  the  de- 
sired rate  of  flow  is  equal  to  the  available  circulating  head. 

From  Fig.  1  at  180  F  flow  and  150  F  return  temperature,  the  available  head  is  118 
milinches  per  foot  of  height  orSX  118  =*  944  milinches  total  for  the  highest  radiator. 
The  longest  circuit  from  boiler  to  radiator  and  back  to  boiler  must  therefore  have  a 
resistance  of  944  milinches.  The  longest  circuit  (see  Fig.  13)  is  A-D  -f  D-H  +  H-N 
containing  38  ft  of  pipe  and,  if  50  per  cent  is  added  for  equivalent  length  of  fittings, 
the  equivalent  length  is  57  ft. 
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The  circuit  should  then  foe  designed  for  a  friction  loss  of  944  -£-  57  =  16  milinches 
per  foot  (approximately).  The  pipe  size  may  be  found  from  Table  2  at  16  milinches 
per  foot,  but  since  the  temperature  drop  is  30  deg,  find  pipe  size  corresponding  to 
20/30  of  actual  load  for  each  section  as  follows: 


SECTION 

LOAD  MBH 

SIZE  OP  PIPE  FOB  16 
MILINCHES  PEE  FOOT 

SECTION 

LOAD  MBH 

SIZE  OF  PIPE  FOB  16 
MILINCHES  PER  FOOT 

A-B 
B-C 

C-D 
D-B 

E-F 

53 
31 
20 
16 
6 

\ 

G-H 

H-K 

K-L 
L-M 
M-N 

11 
19 
25 
31 

58 

1 

Piping  to  the  radiators  may  be  sized  from  Table  2  for  the  same  resistance,  16  mil- 
inches  per  foot,  but  since  the  temperature  drop  is  30  deg,  find  pipe  size  corresponding 
to  20/30  of  actual  load  for  each  section  as  follows : 

Radiator #1  $%  $3  $4  $5  #6 

Load,  Mbh II  8  6  8  24  3 

Pipesiz®,  In 1  I  I  I  ii  | 

A  hot  water  heating  system  mil  adjust  its  rate  of  flow  until  the  friction  loss  bal- 
ances th&  available  head.  It  is  therefore  self -correcting  in  regard  to  small  errors 
made  in  selection  of  pipe  sizes. 

Two-Pipe  Forced  Circulation  System 

Example  6.  Select  pipe  sizes  for  the  two-pipe  forced  circulation  reversed  return 
system  having  a  total  load  of  159  Mbh  shown  in  Fig.  14.  Assume  a  difference  of  20 
deg  in  supply  and  return  water  temperature.  The  total  equivalent  length  of  the 
longest  circuit  is  180  ft.  The  gravity  circulating  head  due  to  difference  in  temper- 
ature may  be  disregarded  in  design. 

Solution.    The  water  to  be  circulated  is  159,000  -r  20  =  7950  Ib  per  hr  or    ^95Q 

=  16.5  gpm.  From  a  pump  performance  chart  such  as  Fig.  12  it  is  found  that  16.5  gpm 
will  be  delivered  by  a  1  in.  pump  against  a  3  ft  head  (36,000  milinches)  or  a  1J  in.  pump 
against  a  4.5  head  (54,000  milinches). 

_  The  longest  circuit,  including  the  supply  and  return  main  and  the  longest  radiator 
circuit,  is  120  ft  and,  if  50  per  cent  is  added  for  friction  loss  in  fittings,  the  equivalent 
length  is  180  ft.  If  the  1  in.  pump  is  used,  the  piping  will  be  sized  for  36,000/180  »  200 
milinches  per  foot,  resulting  in  selection  from  Table  2  of  a  2  in.  main  for  the  Section 
A-B  which  supplies  159  Mbh.  The  large  difference  in  pump  and  main  size,  as  well  as 
the  low  velocity  resulting  from  the  200  milineh  per  foot  friction  loss,  indicates  that  the 
If  in.  pump  should  be  considered.  The  design  friction  loss,  if  the  1£  in.  pump  is  used, 
can  be  54,000/180  «  300  milinches  per  foot  and,  at  this  friction  loss,  Table  2  will  indi- 
cate the  pipe  sizes  for  the  various  sections  in  Fig.  14  as  follows : 


SUPPLY 

RETURN 

Section 

Mbh 

Pipe  Size,  In, 

Section 

Mbh 

Pipe  Size,  In. 

A-B 
B-C 
C-D 
D-E 
E-F 
F-G 
G-H 

159 
91 
75 
63 
49 
37 
16 

1 

1  4 
1H 

J-K 
K-L 
L-M 
M-N 
N-0 
O-P 
P-Q 

16 
28 
42 
54 
75 
91 
159 

1  4 

The  radiator  circuits  may  also  be  sized  for  the  same  friction  loss,  300  milinches  per 
foot,  using  Table  2  as  follows: 

Radiator #1  #2  #3  #4  #5and#6   #7 

Load,  Mbh 16  12  14  12  21  16 

Pipesize,In I  I  *  I  T  i 

a  Where  circuit  divides,  use  f  in.  branch  to  #5  and  J  in.  to  #  6  radiator. 
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FIG.  13.  TWO-PIPE  REVEBSED  RETUBN 
GBAVITY  SYSTEM  (EXAMPLE  5) 


FIQ.  14.  FORCED  CIECULATION  TWO-PIPE 
RBVBBSBB  RETURN  SYSTEM 


EXPANSION  TAJIKS 

Water  heated  from  40  F  to  200  F  expands  about  0,04  of  the  original 
volume.  The  expansion  tank  permits  the  change  in  volume  of  the  water 
in  the  heating  system  to  take  place  without  producing  undesirable  stresses 
due  to  pressure  in  any  part  of  the  system.  Expansion  tanks  may  be  open, 
as  illustrated  in  Fig.  15,  or  closed  as  shown  in  Fig.  16.  An  open  expansion 
tank  has  free  vent  to  the  atmosphere  and  consequently,  the  pressure  on 
the  surface  of  the  water  is  always  that  of  one  atmosphere.  The  minimum 
contents  of  an  open  tank  should  be  0.06  of  the  volume  of  the  water  in  the 
system  including  that  in  the  boiler,  heat  transmitters,  pipes,  etc.  This 
capacity  is  50  per  cent  in  excess  of  the  actual  increase  in  volume  of  water 
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due  to  increase  in  temperature  from  40  F  to  200  F.  The  tank  should  be 
located  at  least  3  ft  above  the  highest  radiator.  Provision  must  be  made 
to  prevent  freezing  of  the  water  in  the  tank  as  well  as  in,  the  pipe  leading 

to  the  tank. 

In  accordance  with  Paragraph  H-92  of  the  A.SJMJ3.  Low  Pressure 
Heating  Boiler  Code  1946:  "All  hot  water  heating  systems  shall  be  so  in- 
stalled that  there  will  be  no  opportunity  for  the  fluid  relief  column  to 
freeze  or  to  be  accidentally  shut  off.  If  the  system  is  equipped  with  an 
open  expansion  tank,  an  internal  over-flow  from  the  upper  portion  of  the 
expansion  tank  must  be  provided  in  addition  to  an  open  vent,  the  internal 
over-flow  to  be  carried  within  the  building  to  a  suitable  plumbing  fixture 
or  to  the  basement."  (See  Fig.  15.) 

When  the  vent  from  an  open  expansion  tank  is  extended  through  the 
roof,  it  should  be  not  less  than  4  in.  in  diameter  from  a  point  below  the 
roof,  through  and  beyond  the  roof  line.  This  will  prevent  vapor,  which 
sometimes  rises  from  an  expansion  tank,  from  closing  the  vent  during 
outside  freezing  temperatures. 

In  a  gravity  circulation  system,  the  pipe  to  the  open  expansion  tank 
should  be  connected  to  the  supply  riser  from  the  boiler,  so  that  the  air 
liberated  from  the  water  in  the  boiler  will  enter  the  expansion  tank. 

In  a  forced  circulation  system,  the  pipe  to  an  open  expansion  tank  should 
be  connected  on  the  suction  side  of  the  circulating  pump. 

A  closed  expansion  tank  is  sealed  against  free  venting  to  the  atmosphere. 
The  tank  may  be  above  the  highest  radiator  or  heat  transmitter,  or  may 
be  below  the  lowest  one.  The  minimum  contents  of  a  closed  expansion 
tank  must  be  such  that  the  expansion  of  the  water  due  to  increase  in 
temperature  will  be  cushioned  against  a  reservoir  of  compressed  air  above 
the  water  level  in  the  expansion  tank.  The  tank  must  provide  space  not 
only  for  the  change  in  water  volume,  but  also  for  variations  in  air  volume 
within  the  tank  due  to  changes  in  air  pressure.  If  the  closed  expansion  tank 
is  below  the  heat  transmitters,  the  tank  should  be  larger  than  if  it  is  above 
them,  and  the  higher  the  building,  under  such  circumstances,  the  larger 
should  be  the  air  capacity  in  excess  of  that  required  for  increase  in  water 
volume  due  to  temperature  rise. 

The  size  of  an  expansion  tank  for  installation  in  a  closed  system  may  be 
determined  by  the  following  formula: 


Pi  +  0.434H      P8 

where 

V  =  required  tank  capacity,  gallons. 

E  —  expansion  of  water  from  cold  system  to  flow  riser  temperature,  gallons. 
PI  =  atmospheric  pressure,  psia. 

PZ  =  maximum  tank  pressure  specified  for  heated  system,  psia. 
H  =  height  of  top  of  filled  system  above  tank,  feet.    (NOTE  :  Top  of  system  open 
to  atmosphere  when  system  is  filled.) 

Example  7.  Select  a  closed  expansion  tank  for  basement  installation  on  a  system 
containing  5000  gal  and  operating  at  200  F  flow  temperature. .  The  static  head,  due  to 
the  height  of  the  system,  is  70  ft.  The  maximum  pressure  should  not  exceed  100  psig. 

Solution.    Assume  that  the  system  is  filled  at  40  F.    Then 
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E   =  0.04  X  5000  -  200  gal 
PI  =  14.7  psia 

Ps  =  100  +  14.7  =  H4.7  psia. 
Substituting  these  values  in  Equation  3 : 

200  200 


14.7 


14.7       0.327  -  0  128 


1000  gal. 


14.7  +  0.434  (70)      114,7 

The  size  of  a  basement-located  closed  expansion  tank  should  be  at  least 
equal  to  the  following: 

One  story  buildings:     x  —  0.10  F       Three  story  buildings:    x  =  0.17  F 
Two  story  buildings:    x  =  0.13  F       Four  story  buildings:      x  =  0.23  F 
where 

x  =  expansion  tank  size  in  gallons. 
V  «=  water  volume  in  heating  system  in  gallons. 

This  condition  favors,  especially  in  tall  buildings,  the  placing  of  the 
closed  expansion  tank  above  the  highest  heat  transmitter. 

TABLE  6.    REQUIRED  A.S.M.E.  SIZE  OF  CLOSED  EXPANSION  TANK 


So  FT  OF  EQTJIVALENT 
DIBECT  RADIATION  INSTALLED 

GALLON 
TANK 

SQ  FT  OF  EQUIVALENT 
DIRECT  RADIATION  INSTALLED 

GALLON 

TANK 

Up  to  350 
Up  to  450 
Up  to   650 
Up  to   900 
Up  to  1100 

18 
21 
24 
30 
85 

Up  to  1400 
Up  to  1600 
Up  to  1800 
Up  to  2000 
Up  to  2400 

40 
2—30 
2-30 
2—35 
2—40 

For  systems  with  more  than  2400  aq  ft  of  installed  equivalent  direct  water  radiation,  the  required  capac- 
ty  of  the  cushion  tank  shall  be  increased  on  the  basis  of  one  gallon  tank  capacity  per  33  sq  ft  of  additional 
equivalent  direct  radiation 

It  is  common  practice  to  use  multiple  tank  installations  on  large  systems 
in  lieu  of  one  tank,  the  required  capacity  of  which  would  be  beyond  commer- 
cially available  sizes. 

Any  closed  expansion  tank  located  above  the  heat  transmitters  of  a  hot 
water  heating  system  should  be  connected  by  a  direct  pipe  with  the  flow 
main  leaving  the  boiler,  in  order  to  enable  the  air  to  pass  easily  to  the  ex- 
pansion tank.  In  a  closed  hot  water -heating  system  the  water  under  pres- 
sure tends  to  absorb  air  at  a  rate  increasing  with  pressure  increase  and 
decreasing  with  temperature  increase. 

Means  must  be  provided  to  adjust  and  to  observe  the  proportion  of  air 
within  any  closed  expansion  tank.  This  involves  the  provision  of  an  air 
inlet  valve,  a  water  gage,  and  a  relief  valve.  A  source  of  supply  of  com- 
pressed air  for  renewing  the  air  cushion  is  highly  desirable,  especially  in 
large,  high  pressure,  hot  water  heating  systems  where  it  is  inconvenient, 
if  not  impracticable,  to  drain  down  the  water  in  the  system  so  as  to  permit 
introduction  of  atmospheric  pressure  air. 

In  smaller  installations,  gage  fittings  on  the  tank  are  usually  omitted  in 
order  to  prevent  air  loss  from  the  tank.  Occasional  inspection  of  the  tank 
or  the  necessity  of  adding  water  to  the  system  will  then  indicate  whether 
air  should  be  added  to  the  tank. 

The  A.SMJ3.  Low  Pressure  Heating  Boiler  Code  1946,  in  paragraph 
H-92,  specifies  that  provision  must  be  made  for  draining  a  closed  expansion 
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tank  without  emptying  the  system.  The  Code  also  specifies  the  minimum 
sizes  of  closed  expansion  tanks  based  upon  the  equivalent  direct  radiation 
installed.  (See  Table  6.) 

For  every  hot  water  heating  system,  the  designer  should  calculate  the 
volume  of  water  contained  in  the  radiators,  piping  system,  boiler,  etc.,  in 
order  to  select  the  proper  size  of  expansion  tank.  The  water  content  of 
the  piping  can  be  obtained  from  Table  7.  For  a  rough  selection  of  size, 
however,  it  is  sometimes  assumed  that  50  per  cent  of  the  volume  of  water 
is  contained  in  the  radiators,  and  that  the  water  content  per  square  foot  of 
radiator  heating  surface  is  0.2  gal  for  column  radiators^  and  0.13  gal  for 
tube  type  radiators. 

Another  rough  method  for  determining  the  size  of  an  expansion  tank  to 
be  located  above  the  highest  radiator,  is  to  divide  the  square  feet  of  radiation 
by  the  factor  40  to  obtain  the  required  capacity  in  gallons  of  the  tank. 

INSTALLATION  DETAILS 

Items  that  should  be  considered  in  the  design  of  piping  for  a  hot  water 
system  are: 

All  piping  must  be  so  pitched  that  all  air  in  the  system  can  be  vented  either  through 
an  open  expansion  tank,  radiators  or  automatic  relief  valves.  When  piping  must  be 

TABLE  7.    VOLUME  OF  WATER  IN  STANDARD  PIPE 


PIPE  SIZE, 
IN, 

LINEAL  FT  OF  PIPE 
CONTAINING  1  GAL 

PIPE  SIZE, 

IN. 

LINEAL  FT  OF  PIPE 
CONTAINING  1  GAL 

1  4 

63.1 
36.1 
22.2 
12.8 
9.47 

2 

f 

5 
6 

5.75 
4.02 
2.60 
1.52 
0.96 
0,67 

run  around  an  obstacle  such  as  a  beam,  it  is  advisable  to  drop  the  piping  below  the 
beam.  If  looped  over  the  beam,  it  becomes  necessary  to  provide  for  venting  of  air 
from  the  high  point  of  the  pipe. 

When  changing  the  size  of  horizontal  runs  of  pipe,  eccentric  fittings  should  be  used 
to  keep  the  tops  of  the  pipes  in  line  to  permit  free  passage  of  air  along  the  pipe. 

All  piping  must  be  arranged  so  that  the  entire  system  can  be  drained.  Sections  of 
piping  individually  valved  shall  have  corresponding  drain  valves. 

In  large  buildings,  the  piping  may  be  zoned  according  to  exposure  of  building, 
usage  of  building,  or  method  of  control. 

All  piping  must  be  installed  so  that  it  is  free  to  expand  and  contract  with  changes 
of  temperature  without  producing  undue  stresses  in  the  pipes  or  connections.  For 
this  purpose  it  is  generally  sufficient  to  allow  for  a  variation  in  length  of  1  in.  for  100 
ft  of  pipe. 

The  pipe  system  should  be  designed  so  that  each  circuit  has  its  correct  friction  for 
balanced  water  distribution.  This  may  be  done  by  change  of  pipe  size  or  change  in 
piping  detail. 

The  connections  from  the  boiler  to  the  mains  should  be  short  and  direct,  to  reduce 
the  friction,  and  should  allow  for  expansion. 

The  mains  and  branches  should  pitch  up  and  away  from  the  heater,  generally  not 
less  than  1  in.  in  10  ft. 

The  connections  from  mains  to  branches  and  to  risers  should  be  such  that  circula- 
tion through  the  risers  will  start  in  the  right  direction.  Hence,  in  a  one-pipe  system 
the  flow  connection  must  be  nearer  the  heater  than  the  return  connection.  In  a 
correctly-designed  two-pipe  system,  the  pressure  in  the  flow  main  is  higher  than  that 
in  the  return  main,  and  a  slight  variation  in  the  distances  of  the  flow  and  return  con- 
nections from  the  heater  is  not  material;  but  it  is  generally  best  to  have  the  two 
connections  about  equally  distant  from  the  heater. 

Generally,  connections  to  risers  or  radiators  are  taken  out  of  the  top  of  mains  at 
either  45  or  90  deg.  from  the  horizontal  plane. 

Supply  connections  are  usually  made  at  the  bottom  of  radiators  so^that  circulation 
will  not  be  stopped  by  accumulation  of  air,  as  would  be  the  case  with  a  top  supply 
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FIG.  17.  VERTICAL  ZONING  OP  HOT  WATBE  HEATING  SYSTEM  IN  A  12-STORY  BUILDING 
connection.  Short  radiators  are  sometimes  connected  for  top  supply  and  bottom  re- 
turn on  the  same  end.  When  so  connected,  attention  must  be  given  to  venting  of  air 
trom  the  top  of  the  radiator  somewhat  oftener  than  when  bottom  connections  are 
used. 

m  Unless  used  as  heating  surface,  all  piping,  both  flow  and  return,  should  be 
insulated. 

All  large  systems  should  be  provided  with  extra  stop  and  drain  valves,  suitably 
located  so  that  parts  of  the  system  may  be  isolated  for  repairs  without  making  it 
necessary  to  drain  the  water  from  the  entire  system. 

Relief  Valve.  The  A.SM.E.  Low  Pressure  Heating  Boiler  Code  requires 
that  all  hot  water  heating  boilers  shall  be  equipped  with  a  tested  and  rated 
relief  valve  having  adequate  capacity  to  match  the  gross  output  of  the 
boiler.  In  order  to  comp  y  with  the  requirement,  relief  valves  must  be 
connected  to  the  top  of  the  boiler  and  a  discharge  pipe  must  be  connected 
to  the  relief  valve  and  so  arranged  that  there  will  be  no  danger  of  scalding 
attendants.  The  proper  location  of  the  relief  valve  is  shown  in  Fig.  16. 

ZONING 

In  large  hot  water  systems,  improved  control  and  economy  can  be 
achieved  by  separating  the  systems  into  sections  or  zones  (vertical  or  hori- 
zontal) which  can  be  operated  independently  of  each  other.  Variations 
m  heat  requirement  of  the  different  zones,  as  influenced  by  the  exposure  of 
the  building,  solar  heat,  weather  conditions,  heat  from  processes,  type  of 
occupancy,  building  chimney  effect,  etc.,  can  readily  be  compensated  for 
when  heat  can  be  supplied  only  where  needed. 

In  tall  buildings,  vertical  zoning  such  as  shown  in  Fig,  17  not  only  pro- 
vides the  advantages  of  control  and  economy,  but  also  reduces  the  water 
pressure  in  the  system  to  that  caused  only  by  the  number  of  floors  served 
by  each  section.  As  shown  in  Fig.  17  a  steam  boiler  can  conveniently  be 
used  to  supply  steam  to  the  heat  exchangers  supplying  heated  water  to 
each  zone. 


CHAPTER  22 

RADIATORS  AND  CONVECTORS 

Heat  Emission  of  Radiators  and  Convectors,  Radiators,  Convectors,  Ratings  of 

Radiators  and  Convectors,  Effect  of  Operating  Conditions,  Heating  Effect, 

Heating  Up  Radiators  and  Convectors,  Enclosed  Radiators 


RADIATORS  and  convectors  are  heat  emitting  units  used  in  steam 
and  hot  water  heating  systems  for  supplying  heat  by  radiation 
and  natural  convection  to  a  room. 

The  term  radiator  refers  to  a  unit  which  emits  the  larger  part  of  its 
heat  by  radiation  and  includes  cast-iron  radiators,  baseboard  radiation 
and  pipe  coils.  Cast-iron  radiator  types  may  be  column,  large-tube, 
small-tube  or  wall.  Baseboard  radiators  may  be  of  the  radiant  cast-iron 
type,  radiant-convector  cast-iron  type,  or  finned-tube  type.  The  last 
type,  however,  is  actually  a  convector. 

The  term  convector  refers  to  a  unit  which  emits  the  greater  portion  of  its 
heat  by  convection.  It  includes  such  units  as  conventional  convectors 
in  which  a  heat  emitting  element  of  either  cast-iron  or  of  the  finned- 
tube  type  is  enclosed  in  a  cabinet,  but  may  also  be  of  the  unenclosed 
finned-tube  type. 

HEAT  EMISSION  OF  RADIATORS  AND  CONVECTORS 

Most  heating  units  emit  heat  by  radiation  and  convection.  An  exposed 
radiator  emits  roughly  half  of  its  heat  by  radiation,  the  amount  depending 
upon  the  size  and  number  of  sections.  In  general,  a  thin  radiator,  such 
as  a  wall  radiator,  emits  a  larger  proportion  of  its  heat  by  radiation  than 
does  a  thick  radiator.  When  a  radiator  is  enclosed  or  shielded,  the  pro- 
portion of  heat  emitted  by  radiation  is  reduced.  The  balance  of  the 
emission  occurs  by  conduction  to  the  air  in  contact  with  the  heating  sur- 
face, and  this  heated  air  rises  by  circulation  due  to  convection  and  trans- 
mits this  warm  air  to  the  space  which  is  to  be  heated. 

Convectors  transfer  the  smaller  proportion  of  their  heat  to  the  room  by 
radiation.  Since  most  of  their  heat  is  transferred  by  convection,  the  heat 
emission  is  dependent  upon  the  vertical  distance  between  the  heating  ele- 
ment and  the  outlet  grille  at  the  top  of  the  convector  cabinet. 

The  output  of  a  radiator  or  convector  can  be  measured  only  by  the  heat 
it  emits  and  is  generally  expressed  in  units  of:  Btu  per  hr;  Mbh  (1000  Btu 
per  hr);  or  in  equivalent  direct  radiation  (240  Btu  per  hr  for  steam  or  150 
for  water  radiation). 

RADIATORS 

Column  and  large-tube  radiators  are  no  longer  manufactured,  but  since 
many  of  these  units  are  still  in  use,  Tables  1  and  2  are  included  to  provide 
principal  dimensions  and  average  ratings  of  them. 

The  small-tube  type  radiators,  with  a  spacing  of  If  in.  per  section,  are 
about  the  only  available  cast-iron  radiating  surface  for  homes  and  office 
buildings.  Small-tube  radiators  occupy  less  space  than  the  older  column 
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TABLE  1.    COLUMN  TYPE  CAST-IRON  RADIATOR 


GENERALLY  ACCEPTED  RATING  PER  SECTION—  SQ  FT* 

HEIGHT 

Inches 

One 

Column 

Two 
Column 

Three 
Column 

Four 
Column 

Five 
Column 

Six  Column 
or  Window 

13 

3 

15 

l/f<2 

10 

3/4 

18 

2M 

3 

421 

4H 

20 

13^ 

2 

5 

22 

2^ 

3 

4 

23 

1% 

2^ 

26 

2 

2^3 

3% 

5 

7 

32 

2H 

3H 

43^ 

0>S 

38 

g 

4 

5 

8 

10 

45 

5 

6 

10 

a  The  square  foot  of  equivalent  direct  steam  radiation  is  defined  as  the  ability  to  emit  240  Btu  per  hr,  with 
steam  at  215  F  in  air  at  70  F.  These  ratings  apply  only  to  installed  radiators  exposed  in  a  normal  manner, 
not  to  radiators  installed  behind  enclosures,  grilles,  or  under  shelves.  (See  A.S.H.V.E.  Code  for  Testing 

Radiators, ) 

and  large-tube  radiators,  and  are  particularly  suited  for  installation  in 
recesses. 

After  a  study  of  the  demand  for  various  sizes  of  radiators,  the  Institute  of 
Boiler  and  Radiator  Manufacturers,  in  cooperation  with  the  Division  of 
Simplified  Practice,  National  Bureau  of  Standards,  established  Simplified 


TABLE  2.    LARGE  -TUBE  CAST-IKON  RADIATORS 

Sectional,  cast-iron,  tubular-type  radiators  of  the  large-tube  pattern,  that  is,  having  tubes  approximately 
If  in.  in  diameter,  2J  in.  on  centers. 


NUMBER  OF 
TUBES  PEE 
SECTION 

CATALOG 
RATING  PER 
SECTION* 

HEIGHT 

WIDTH 

SECTION 

CENTER 

SPACING5 

LEG  HEIGHT° 
To  TAPPING 

SqFt 

In. 

In. 

In. 

In. 

3 

m 
m 

3H 

20 
23 
26 
32 

38 

1 

2H 
2^ 
2H 
2V£ 

m 

1 

4 

I 

20 
23 
26 
32 
33 

6% 
6j& 

m 
m 

6& 

i 

4M 

5 

8* 

% 

5 

20 
23 
26 
32 
38 

8 
8 
8 
8 
8 

j 

1 

6 

IK 

5 

6 

20 
23 
26 
32 
38 

9% 
9% 
9% 
9% 
9% 

1 

4H 

7 

m 

3 
3% 

14 
17 
20 

11H 

HH 

2H 

3 
3 
3or4H 

a  The  square  foot  of  equivalent  direct  steam  radiation  is  defined  as  the  ability  to  emit  240  Btu  per  hr, 
with  steam  at  215  F  in  air  at  70  F.  These  ratings  apply  only  to  installed  radiators  exposed  in  a  normal  man- 
ner; not  to  radiators  installed  behind  enclosures,  grilles,  or  under  shelves.  (See  A.  S.H.  V.E.  Code  for  Testing, 
Radiators). 

k  Maximum  assembly  60  sections.    Length  equals  number  of  sections  times  2J  in. 

0  Where  greater  than  standard  leg  heights  are  required,  this  dimension  shall  be  6  in.,  except  for  7-tube 
sections,  in  heights  from  13  to  20  in.,  inclusive,  for  which  this  dimension  shall  be  4J  in.  Radiators  may  be 
furnished  without  legs. 

d  For  5-tube  hospital-type  radiation,  this  dimension  is  3  in. 
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TABLE  3.    SMALL-TUBE  CAST-!BON  RADIATORS 


N-DMBEB 

OF 

TUBES 

PEB 

SECTION- 

CATALOG 
RATING 

PER 

SECTION® 

SECTION  DIMENSIONS 

| 

ll 

'1 

jl 

,  B—  * 

A 

Height0 

B 

Width 

C 

Spacing13 

D 

Leg 
Height0 

ft 

. 

7 

0 

Minimum. 

Maximum 

SqFt 

In. 

In. 

In. 

In. 

In. 

S' 

1.6 

25 

3& 

m 

1H 

2H 

4* 

1.6 

1.8 
2.0 

19 
22 
25 

4% 
4& 

4% 
4% 
4% 

1^1 

1 

5d 

2.1 

2.4 

22 
25 

&A 
5% 

6% 
6% 

1M 
1% 

2H 
2H 

6* 

2.3 
3.0 
3.7 

19 
25 
32 

6% 
Q% 
6% 

8 
8 
8 

l|| 

1 

a  The  square  foot  of  equivalent  direct  steam  radiation  is  defined  as  the  ability  to  emit  240  Btu  per  hr, 
with  steam  at  215  F,  in  air  of  70  F.  These  ratings  apply  only  to  installed  radiators  exposed  in  a  normal  man- 
ner; not  to  radiators  installed  behind  enclosures,  grilles,  etc.  (See  A.S.H.V.E.  Code  for  Testing  Eadiators 
adopted  January,  1927). 

b  Length  equals  number  of  sections  times  If  in. 

0  Overall  height  and  leg  height,  as  produced  by  some  manufacturers,  are  one  inch  (1  in.)  greater  than 
shown  in  Columns  A  and  Z).  Radiators  may  be  furnished  without  legs.  Where  greater  than  standard  leg 
heights  are  required  this  dimension  shall  be  4£  in. 

<*  Or  equal. 

Practice  Recommendation  R174-47  for  small-tube  cast-iron  radiators 
Table  3  shows  the  size  and  dimensions  now  being  manufactured. 

Wall  radiators  are  now  rated  in  terms  of  equivalent  square  feet  of  direct 
radiation  EDR.  Tests  have  shown  that  the  heat  emitted  from  a  wall-type 
radiator  may  be  reduced  from  5  to  10  per  cent  if  the  radiator  is  placed 
near  the  ceiling  with  the  bars  horizontal  and  in  an  air  temperature  ex- 
ceeding 70  F.  When  radiators  are  placed  near  the  ceiling,  there  is  usually 
such  a  large  difference  in  the  temperature  between  the  floor  level  and  the 
ceiling  that  it  becomes  difficult  to  heat  the  living  zone  of  the  rooms  satis- 
factorily. Dimensions  and  heat  emission  rates  for  wall  radiators  are  given 
in  Table  4. 

Baseboard  radiation  consists  of  long,  low  units  which  are  made  to  resemble 
conventional  baseboards,  and  are  installed  along  the  outside  walls  of  rooms 
in  place  of  the  usual  wooden  baseboard.  Units  are  made  either  of  hollow 
cast-iron  panels  (with,  or  without  fins  on  the  back)  or  of  ferrous  or  non- 
ferrous  finned  tubing  installed  behind  a  metal  enclosure.  They  are  pri- 
marily used  in  hot  water  systems,  but  may  also  be  used  in  two-pipe  steam 
systems. 

There  are  various  kinds  of  baseboard  radiation  available,1  the  radiant 
type  and  the  convector  type.  Radiant  baseboards  have  a  substantial 
portion  of  the  front  face  water  backed,  and  do  not  depend  upon  an  enclo- 


TABLE  4.    CAST-IRON  WALL  RADIATORS 


APPROXIMATE  DIMENSIONS—  INCHES* 

HEAT  OUTPUT,  EDR 

Height 

Length  or  Width 

Thickness 

13^ 
13& 
22 

& 

16H 
22 
18M 
29 
13M 

3 
3 
3 
3 
3 

F 

8 
11 

11 
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TABLE  5.    RATINGS  FOB  CAST- IKON  RADIANT  BASEBOARD 


R 

ATZNGL 

rc  BTTTS 

>EB  LIN 

BAB  Fo 

OT 

TYPE  &NI>  HEIGHT 

Rfl 

idiator  ' 

Feinpen 

ature  —  ] 

?ahreah 

eit 

215 

210 

205 

200 

195 

190 

185 

180 

175 

170 

Type  R,  Low  height  

300 

285 

271 

257 

245 

231 

219 

206 

194 

182 

Type  R,  High  height  

425 

404 

384 

365 

347 

328 

310 

292 

274 

258 

Type  RCf  Low  height  

500 

475 

452 

429 

408 

385 

365 

844 

323 

304 

Type  RC,  High  height  

700 

665 

633 

601 

572 

540 

510 

481 

452 

426 

sure  for  their  heat  output.  Cast-iron  radiant  baseboards  may  be  either 
(1)  a  full  radiant,  called  Type  R,  or  (2)  a  radiant  convector,  called  Type 
RC.  The  Type  RC  unit,  in  addition  to  the  radiant  front  face,  has  ex- 
tended convection  heating  surface  on  the  rear  face  to  increase  its  output. 
The  convector  type  of  baseboards  includes  finned  tube  units  with  which 
enclosures  are  used.  The  front  of  the  enclosure  supplies  radiant  heat. 

Advantages  claimed  for  baseboard  radiators  are:  They  are  inconspic- 
uous; they  are  clean  in  operation;  they  offer  a  minimum  of  interference 
with  furniture  placement,  and,  they  distribute  the  heat  near  the  floor. 
This  last  characteristic  reduces  the  floor  to  ceiling  temperature  gradient 
to  about  2  F  deg  and  tends  to  produce  uniform  temperatures  throughout 
the  room.  It  also  makes  baseboard  radiators  especially  adaptable  to  base- 
mentless  homes,  where  cold  floors  are  prevalent.2 

Heat  loss  calculations  for  baseboard  heating  systems  are  the  same  as 
those  used  for  other  types  of  radiation.  The  procedure  for  designing 
baseboard  heating  systems  is  given  in  I-B-R  Installation  Guide  No.  5.1 
Ratings  for  baseboard  radiation  are  expressed  in  Btu  per  linear  foot. 
The  ratings  for  cast-iron  baseboard  units  have  been  standardized1  and  are 
given  in  Table  5.  Ratings  of  finned-tube  units  are  listed  in  manufacturers' 
catalogs. 

Pipe  coils  are  assemblies  of  standard  pipe  or  tubing  (1  in.  to  2  in.)  which 
are  used  as  radiators.  In  older  practice  these  coils  were  commonly  used 
in  factory  buildings,  but  are  not  often  found  in  this  service  today.  When 
coils  are  used,  the  miter  type  assembly  is  preferable,  as  it  readily  permits 
expansion  in  the  pipe. 

The  heat  emission  of  pipe  coils  placed  vertically  on  a  wall,  with  the  pipes 
horizontal,  is  given  in  Table  6,  which  has  been  developed  from  available 
data  and  does  not  represent  definite  results  of  tests.  For  such  coils  the 
heat  emission  varies  as  the  height  of  the  coil.  The  heat  emission  of  each 


TABLE  6.    HEAT  EMISSION  OF  PIPE  COILS  PLACED  VERTICALLY  ON  A  WALL  (PIPES 
HOEIZONTAL)  CONTAINING  STEAM  AT  215  F  AND  SURROUNDED  WITH  AIR  AT  70  F 

Btu  per  linear  foot  of  coil  per  hour  (not  linear  feet  of  pipe) 


SIZE  or  PIPE 

UN. 

IK  IN, 

1HIN. 

Single  row  

132 

162 

185 

Two.  

Si3c.ZZIZZZ~ZZZZZZZZ' 

Eight  
Twelve  

252 
440 
567 
651 
732 
812 

312 

545 
702 
796 
907 
1005 

348 
616 
793 
907 
1020 
1135 
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pipe  of  ceiling  coils,  placed  horizontally,  is  about  126  Btu,  156  Btu,  and 
175  Btu  per  linear  foot  of  pipe,  respectively,  for  1-in.,  l|-in.,  and  If-in. 
coils. 

CONVECTORS 

Convectors  are  space  heating  devices  composed  of  a  casing  with  outlet 
grille,  and  an  extended  surface  heating  element  of  fin-tube  or  cast-iron  fin 
surface.  The  casing  usually  contains  a  damper.  The  air  enters  the  en- 
closure near  the  floor  line  below  the  heating  element,  is  heated  in  passing 
through  the  element  and  delivered  to  the  room  through  the  outlet  grille 
located  near  the  top  of  the  enclosure.  The  room  air  movement  thus 
established  accomplishes  a  reduction  in  floor  to  ceiling  temperature  dif- 
ferential and  tends  to  assure  comfort  in  the  living  zone.  A  typical  re- 
cessed convector  is  shown  in  Fig.  1.  Factory-assembled  units  comprised 
of  a  heating  element,  casing  and  outlet  grille  with  damper  are  widely  used. 
Grilles  may  be  used  over  the  air  inlets. 
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FIG.  1.  TYPICAL  RECESSED  CONVECTOB 
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In  cases  where  enclosures  are  to  be  used  but  are  not  furnished  by  the 
heater  manufacturer,  it  is  important  that  the  proportions  of  the  cabinet 
and  the  grilles  be  so  designed  that  they  will  not  impair  the  performance 
of  the  assembled  convector.  It  is  desirable  that  the  enclosure  or  housing 
for  the  convector  fit  as  snugly  as  possible  so  that  the  air  to  be  heated 
cannot  by-pass  the  heating  element  in  passing  through  the  enclosure. 

Cast-iron  heating  units  may  be  concealed  in  a  cabinet  or  enclosure  for 
appearance.  In  such  cases  a  greater  percentage  of  heat  is  conveyed  to  the 
room  by  convection  thereby  resulting  in  a  form  of  gravity  convector. 

The  output  of  a  convector,  for  any  given  length  and  depth,  is  a  function 
of  the  height  of  the  discharge  grille  above  the  heating  element.  Therefore, 
the  published  ratings  are  generally  given  in  terms  of  square  feet  of  Equiv- 
alent Direct  Radiation,  EDR.  For  steam  convectors,  as  for  radiators, 
240  Btu  per  hr  may  be  taken  as  an  equivalent  square  foot  of  radiation. 
When  more  than  one  heating  unit  is  used,  one  mounted  above  the  other  in 
the  same  cabinet,  the  output  of  the  upper  unit  or  units  will  be  materially 
less  than  that  of  the  bottom  unit. 
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A  standard  method  of  testing  radiators  was  adopted  by  the  A.S.H.V.E. 
in  1927 .3  This  Code  provides  for  a  standard  test  room,  the  temperature 
of  which  is  to  be  maintained  at  70  F,  measured  in  the  center  of  the  room  at 
an  elevation  of  5  ft  above  the  floor.  The  steam  temperature  in  the  radi- 
ator is  to  be  215  F,  which  corresponds  to  15.6  Ib  per  sq  in.  absolute. 
The  weight  of  condensate  per  hour,  under  these  standard  conditions,  multi- 
plied by  the  difference  in  the  enthalpy  of  the  steam  entering  the  radiator 
and  that  of  the  condensate  leaving  the  radiator,  gives  the  radiator  output 
in  Btu  per  hour.  This  output  divided  by  240  gives  the  steam  rating  of  the 
radiator  in  equivalent  square  feet,  EDR. 

Similar  test  methods  for  convectors  are  the  A.SJLV.E.  Codes  for  Testing 
and  Rating  Concealed  Gravity  Type  Radiation,4  (Steam  Code  1932  and 
Hot  Water  Code  1933).  These  Codes  recognize  a  different  type  of  test 
booth,  and  the  air  temperature  used  is  that  of  the  air  entering  the  convector 
casing  instead  of  the  temperature  in  the  center  of  the  room.  The  entering 
air  temperature  for  standard  test  conditions  is  65  F.  For  hot  water  the 
standard  test  conditions  call  for  a  mean  temperature  of  the  water  in  the 
convector  of  170  F. 

The  method  of  testing  and  rating  both  ferrous  and  non-ferrous  convec- 
tors, which  is  now  generally  accepted,  is  given  in  Commercial  Standard 
CS140-47,  Testing  and  Rating  Convectors,  which  has  been  developed  co- 
operatively by  the  Convector  Manufacturers  Association,  the  Institute  of 
Boiler  and  Radiator  Manufacturers,  other  members  of  the  trade,  and  the 
National  Bureau  of  Standards. 

The  rating  of  a  top  outlet  convector  is  established  at  a  value  not  in  excess 
of  the  condensation  capacity  (which  is  the  heat  extracted  from  the  steam  or 
water  in  the  convector,  under  standard  test  conditions).  The  rating  of  a 
front  outlet  convector  includes  the  condensation  capacity  plus  an  allowance 
for  heating  effect  in  the  occupied  zone,  based  on  convector  enclosure  height 
from  bottom  of  the  enclosure  to  top  of  the  outlet.  A  table  of  heights  and 
heating  effect  allowances  is  given  in  the  Commercial  Standard  CS140-47, 
and  lists  allowances  from  zero  per  cent  for  a  36-in.  height  to  13  per  cent 
for  a  20-in.  height. 

For  an  inclined  outlet  convector  the  rating  includes  the  condensation 
capacity,  plus  a  heating  effect  allowance  obtained  by  multiplying  the  allow- 
ance for  a  front  outlet  convector  by  a  factor  (angle  of  outlet  to  horizontal 
+90). 

Approval  of  convector  ratings  may  be  obtained  by  the  manufacturer  by 
submitting  test  data  to  a  Convector  Rating  Committee  appointed  by  the 
Division  of  Trade  Standards  of  the  National  Bureau  of  Standards.  Re- 
quests should  be  addressed  to  the  Division  of  Trade  Standards. 

Effect  of  Operating  Conditions 

The  heat  output  of  a  radiator  is  proportional  to  the  1.3  power  of  the 
temperature  difference  between  the  air  in  the  room  at  the  60  in.  level  and 
the  heating  medium  in  the  radiator.  The  heat  output  of  a  convector  is 
proportional  to  the  1.5  power  of  the  temperature  difference  between  the 
air  entering  the  convector  and  the  heating  medium,  steam  or  hot  water, 
within  the  convector.5  For  hot  water  the  arithmetical  average  between 
entering  and  leaving  water  temperatures  is  used.  These  laws  may  be  ex- 
pressed as  correction  factors  to  change  from  output  under  standard  rating- 
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test  conditions,  to  output  under  other  operating  conditions.     Such,  factors 
are  given  in  Table  7. 

When  it  is  desired  to  change  the  output  under  any  test  conditions  to 
the  corresponding  output  under  standard  Code  test  conditions,  the 
reciprocal  form  of  correction  factor  may  be  derived.  The  equations  for 
steam  units  are : 


For  radiators: 


215  -  70  A1*8 


(1) 


For  con  vectors: 

/215  -  66\« 

0®  — 


(2) 


TABLE  7.  COBBECTION  FACTORS  FOB  DIRECT  CAST-IRON  RADIATORS  AND  CONVECTORS 


STEAM 
PRESS. 

HEATING 
MEDIUM 

rp                T;I 

FACTORS  FOB  DIRECT 

CAST-IRON  RADIATORS 

FACTORS  FOE  CONTOCTOBS 

i  E.MP  r 

C;™, 

T>              <p                                     T-, 

TAT-                           R1 

Gage 

Aba. 

OTEAM 

J1OQ2£  1  EMFEKA.TUKJ5  £ 

INLjT  AIR  ILMPEHATUBB  B 

Vacuum 

Lb  per 

OR 

In.  Hg. 

Sqlu. 

WATER 

80 

75 

70 

65 

60 

55 

50 

80 

75 

70 

65 

60 

55 

50 

22.4 

3.7 

150 

2.53 

2.36 

2.17 

2.00 

1.86 

1.73 

162 

3.14 

2.83 

2.57 

2.35 

2.15 

1.98 

1.84 

20.3 

4.7 

160 

2.17 

2.00 

1.86 

1.73 

1,62 

1.52 

1.44 

2.57 

2.35 

2.13 

1.98 

1.84 

1.71 

L39 

17.7 

6.0 

170 

1.86 

1.73 

1.62 

1.52 

1,44 

1.35 

1.28 

2.15 

1.98 

1,84 

1.71 

1.59 

1.49 

1.40 

14.6 

7.5 

ISO 

1.62 

1.52 

1.44 

1.35 

1.28 

1.21 

1.15 

1.84 

1.71 

1.59 

1.49 

1.40 

1.32 

1-24 

10.9 

9.3 

190 

1.44 

US 

1.23 

1.21 

1.15 

1.10 

1.05 

1.59 

1.49 

1.40 

1.32 

1.24 

1.17 

1.11 

6.5 

11.5 

200 

1.28 

1.21 

1.15 

1.10 

1.05 

1.00 

0.96 

1.40 

1.32 

1.24 

1.17 

1.11 

1.05 

1.00 

LbperSqln. 

1 

15.6 

215 

1.10 

1.05 

1.00 

0.96 

0.92 

O.S8 

0.85 

1.17 

1.11 

1.05 

1.00 

0.95 

0.91 

0.87 

6 

21 

230 

0.96 

0.92 

0.88 

0.85 

0.81 

0.78 

0.76 

1.00 

0.95 

0.91 

0.87 

0.83 

0.79 

0.76 

15 

30 

250 

081 

0.78 

0.76 

0.73 

0.70 

0.68 

0.66 

0.83 

079 

0.76 

0.73 

0.70 

0.68 

0.65 

27 

42 

270 

0.70 

068 

0.66 

0.64 

0.62 

0.60 

0.58 

0.70 

0.68 

0.65 

0.63 

0.60 

0.58 

056 

52 

67 

300 

0.58 

0.57 

0.55 

0.53 

0.52 

0.51 

0.49 

056 

054 

0.53 

0.51 

0.49 

0.48  |  0.47 

a  To  determine  the  size  of  a  radiator  or  a  convector  for  a  given  space,  divide  the  heat  loss  In  Btu  per  hour 
by  240  and  multiply  the  result  by  the  proper  factor  from  the  above  table. 

To  determine  the  heating  capacity  of  a  radiator  or  a  eonvector  under  conditions  other  than  the  basic 
ones  with  the  heating  medium  at  a  temperature  of  215  F,  and  the  room  temperature  at  70  F  in  the  case  of  a 
radiator,  and  the  inlet  air  temperature  at  65  F  in  the  case  of  a  convector,  divide  the  heating  capacities  at  the 
basic  conditions  by  the  proper  factor  from  the  above  table. 

The  output  under  standard  conditions  will  be: 

H*  -  <78  H*  (3) 

where 

C8  =  correction  factor* 

ts  —  steam  temperature  during  test,  Fahrenheit  degrees. 

tr  —  room  temperature  during  test,  Fahrenheit  degrees. 

ti  =  inlet  air  temperature  during  test,  Fahrenheit  degrees. 
HB  =  heat  emission  rating  under  standard  conditions,  Btu  per  hour. 
Ht  =  heat  output  under  test  conditions,  Btu  per  hour. 

The  relation  between  the  size  of  the  radiator  or  eonvector  and  the  size 
of  the  test  room  will  affect  the  results  obtained  in  a  capacity-rating  test.6 
The  height  and  location  of  the  radiator  and  the  insulation  of  the  test  room 
are  other  important  factors  that  are  not  specifically  regulated  by  the  Code, 

For  a  radiator,  the  finish  coat  of  paint  affects  the  heat  output.  Oil  paints 
of  any  color  will  give  about  the  same  results  as  unpainted  black  or  rusty 
surfaces,  but  an  aluminum  or  a  bronze  paint  will  reduce  the  heat  emitted 
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by  radiation.    The  net  effect  may  be  a  reduction  of  10  per  cent  or  more  in 
the  total  heat  output  of  the  radiator  .7»8»9 

Radiator  enclosures  and  convector  cabinets  of  proper  design  may  im- 
prove the  heat  distribution  within  the  room  as  compared  to  the  heat  dis- 
tribution obtained  with  an  unenclosed  radiator.10 

Heating  Effect 

For  several  years  the  term  heating  effect  has  been  used  to  designate  the 
relation  between  the  useful  output  of  a  radiator,  in  the  comfort  zone  of  a 
room,  and  the  total  input  as  measured  by  steam  condensation  or  water 
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FIG.  2.    TEMPEEATTJEE  GEADIENTS  AND  EQTJIVALBNT  TEMPEEATUBES  FOE  RADIATOB 
AND  CONVECTOES  WITH  COMMON  30  IN.  LEVEL  TEMPEEATUEB 


temperatures,11' 12  The  application  of  such  a  heating  effect  factor  implies 
that  some  radiators  and  convectors  use  less  steam  than  others  for  pro- 
ducing  equal  comfort  heating  results  in  the  room. 

All  authorities  do  not  agree  that  the  use  of  heating  effect  factors  are 
justified.  No  standard  method  for  evaluating  the  heating  effect  of  radia- 
tors and  convectors  and  correlating  it  with  comfort  has  yet  been  accepted. 
One  method,  with  test  data13  on  radiators  and  convectors,  and  making  use  of 
the  eupatheoscope  for  evaluating  the  environment  produced,  has  been  sug- 
gested by  the  University  of  Illinois.  The  principle  underlying  the  eupatheo- 
scope involves  the  measurement  of  the  heat  loss  from  a  sizable  body  by 
radiation  and  convection,  when  the  surface  is  maintained  at  some  constant 
temperature.  Through  the  use  of  this  instrument  and  its  calibration  curve, 
non-uniform  environments  may  be  referred  to  uniform  environments  in 
which  the  air  and  all  surrounding  surfaces  are  at  the  same  temperature. 
The  temperatures  of  the  uniform  environments  are  referred  to  as  equivalent 
temperatures. 

The  Kata  thermometer,14  the  thermo-integrator,15-16  and  the  globe17 
thermometer  are  other  instruments  which  have  been  used  to  measure  the 
influence  of  air  temperature,  air  movement  and  radiation  in  an  environment. 

Data  given  in  Fig.  2  show  that  while  the  air  temperature  at  the  30-in. 
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level  Is  the  same  for  the  three  convectors  and  the  one  large- tube  cast-Iron 
radiator,  In  position  No.  3  in  the  test  room,  the  equivalent  temperature  is 
1.5  deg  lower  than  the  air  temperature  in  the  case  of  the  three  eonvectors, 
and  the  same  as  the  air  temperature  in  the  case  of  the  radiator.  The 
difference  between  the  minimum  and  the  maximum  amount  of  heat  re- 
quired to  maintain  the  common  air  temperature  at  the  30-in.  level  is  of  the 
order  of  13  per  cent. 

In  Fig.  3  are  shown  the  results  of  tests  made  with  the  same  three  convec- 
tors and  the^one  large-tube  cast-iron  radiator,  so  adjusted  in  size  that  each 
gave  approximately  the  same  equivalent  temperature  in  the  No.  3  position 
in  the  test  room.  The  difference  between  the  minimum  and  the  maximum 
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FIG.  3.  TEMPERATURE  GRADIENTS  AND  EQUIVALENT  TEMPERATURES  FOR  RADIATOR 
AND  CONVECTORS  WITH  COMMON  EQUIVALENT  TEMPERATURE 

amount  of  heat  required  to  maintain  the  common  equivalent  temperature 
is  of  the  order  of  7  per  cent. 

Figs.  2  and  3  show  results  obtained  in  cold  room  tests  in  which  the 
radiators  were  continuously  filled  with  steam  at  215  F.  Under  these 
conditions  of  operation,  air  temperature  gradients  are  likely  to  be  exag- 
gerated as  compared  with  those  encountered  with  the  intermittent  opera- 
tion usually  obtained  in  actual  practice. 

The  following  statements  applying  to  the  use  of  radiators  are  based  on 
experience  and  test  results  :12 


1.  The  heating  effect  of  a  radiator  cannot  be  judged  solely  by  the  amount  of  steam 
condensed  within  the  radiator. 

2.  Smaller  floor-to-ceiling  temperature  differentials  can  be  maintained  with  long, 
low,  thin,  direct  radiators,  than  can  be  maintained  with  high,  direct  radiators. 

3.  The  larger  portion  of  the  floor-to-ceiling  temperature  differential  in  a  room  of 
average  ceiling  height  heated  with  direct  radiators  occurs  between  the  floor  and  the 
breathing  level. 

4.  The  comfort  level  (approximately  2  ft-6  in.  above  floor)  is  below  the  breathing 
line  level  (approximately  5  ft-0  in.  above  floor),  and  temperatures  taken  at  the  breath- 
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ing  line  may  not  be  indicative  of  the  actual  heating  effect  of  a  radiator  in  the  room. 

The  comfort-indicating  temperature  should  be  taken  below  the  breathing  line  level. 

5.  High  column  radiators  placed  at  the  sides  of  window  openings  do  not  produce 

as  comfortable  heating  effects  as  long,  low,  direct  radiators  placed  beneath  windows. 

RADIATOR  COWVECTOR 

The  maximum  condensation  occurs  in  a  heating  unit  when  the  steam 
is  first  turned  on.  Tests18  on  an  old-style  column-type  cast-iron  radiator 
indicated  that  in  the  first  10  min  the  condensation  rate  reached  a  peak  of 
0.95  Ib  per  sq  ft  of  radiator  per  hour  and  10  to  15  min  later  dropped  to  a 
rate  of  0.24  Ib.  In  one-pipe  gravity  systems  the  rate  of  steam  supply  to 
the  heating  unit,  while  heating  up,  is  frequently  retarded  by  controlled 
elimination  of  air  through  air  valves  or  traps.  In  two-pipe  systems  auto- 
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FIG.  4.  STEAM  CONSUMPTION  OF  EXPOSED  AND  CONCEALED  RADIATORS 

matic  control  valves  may  also  retard  the  supply  of  steam.  Vacuum  types 
of  air  venting  valves  may  be  used  to  reduce  the  length  of  the  venting 
periods. 

ENCLOSED  RADIATORS 

The  general  effect  of  an  enclosure  placed  about  a  direct  radiator  is  to 
restrict  the  air  flow,  diminish  the  radiation  and,  when  properly  designed, 
improve  the  heat  distribution  within  the  heated  space. 

Investigations12  indicate  that  in  the  design  of  the  enclosure  three  things 
should  be  considered: 

1.  There  should  be  better  distribution  of  the  heat  below  the  breathing  line  level  to 
produce  greater  heating  comfort  and  lowered  ceiling  temperatures. 

2.  The  lessened  steam  consumption  may  not  materially  change  the  radiator  heat- 
ing performance. 

3.  The  enclosed  radiator  may  inadequately  heat  the  space. 

A  comparison  between  a  bare  or  exposed  radiator  (A)  and  the  same  radi- 
ator with  a  well-designed  enclosure  (B),  with  a  poorly-designed  enclosure 
(C),  and  with  a  cloth  cover  (D)  will  illustrate  the  relative  heating  character- 
istics. In  Fig.  4  the  curve  (B)  reveals  that  the  enclosed  radiator  used  less 
steam  than  the  exposed  radiator,  but  gave  a  satisfactory  heating  perform- 
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ance.  A  well-designed  shield  placed  over  a  radiator  gives  about  the  same 
result.  Curve  (C)  shows  the  unsatisfactory  effects  produced  by  improperly- 
designed  enclosures.  Curve  (D)  shows  that  the  effect  of  a  cloth  cover 
extending  downward  6  in,  from  the  top  of  the  radiator  was  to  make  the 
performance  unsatisfactory  and  inadequate. 

Some  commercial  enclosures  and  shields  for  use  on  direct  radiators  are 
equipped  with  water  pans  for  the  purpose  of  adding  moisture  to  the  air 
in  the  room.  Tests19  show  that  an  average  evaporative  rate  of  about 
0.235  Ib  per  square  foot  of  water  surface  per  hour  may  be  obtained  from 
such  pans,  when  a  radiator  is  steam  heated  and  the  relative  humidity  in 
the  room  is  between  25  and  40  per  cent.  This  source  of  supply  of  moisture 
alone  is  not  adequate  to  maintain  a  relative  humidity  above  25  per  cent  on 
a  zero  day. 
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CHAPTER  23 

PANEL  HEATING  AND  RADIANT  HEATING 

Influence  of  Heat  Badiation  on  Human  Comfort,  Objectives  of  Radiant  Heating, 

Practical  Problems  of  Radiant  Heating  from  a  Physiological  Standpoint, 

Fundamental  Computations,  Application  Methods,  Calculation 

Principles,  Measurement  and  Control 


IT  has  been  pointed  out  in  Chapter  6  that  the  human  body  loses  heat 
to  its  environment  in  three  ways:  by  convection,  radiation,  and  evapo- 
ration.   The  Effective  Temperature  Chart  takes  account  of  convection  and 
evaporation,  but  does  not  provide  for  such  radiative  effects  as  occur  when 
room  air  and  its  surrounding  surfaces  differ  widely  in  temperature. 

INFLUENCE  OF  HEAT  RADIATION  ON  HUMAN  COMFORT 

When,  however,  the  body  is  exposed  to  radiation  from  a  hot  surface  or 
is  radiating  to  a  cold  surface,  the  factor  of  radiative  heat  gain  or  heat  loss 
may  be  important.  This  phenomenon  is  most  marked  in  the  case  of  expos- 
ure to  the  sun's  radiative  heat.  On  a  cold  day,  with  no  wind  blowing, 
while  standing  in  the  sunshine,  one  may  feel  perfectly  comfortable  but, 
when  a  cloud  passes  over  the  sun,  one  may  instantly  feel  much  cooler.  The 
cloud  acts  as  a  shield  to  interrupt  the  radiant  heat  from  the  sun.  The 
change  in  feeling  of  comfort  is  due  to  the  instant  change  in  rate  of  heat  loss 
from  the  body  caused  by  the  shielding  effect  of  the  cloud.  A  shielded  ther- 
mometer under  the  same  condition  would  register  no  change  in  temperature. 

The  rate  of  heat  loss  by  convection  depends  upon  the  average  tempera- 
ture difference  between  the  surface  of  the  body  and  the  surrounding  air, 
the  shape  and  size  of  the  body,  and  the  rate  of  air  motion  over  the  body. 

The  rate  of  heat  loss  by  radiation  depends  upon  the  exposed  surface  area 
of  the  body,  and  upon  the  difference  between  the  mean  surf  ace  temperature 
of  the  body  and  the  mean  surface  temperature  of  the  surrounding  walls  or 
other  objects.  This  latter  temperature  is  called  the  Mean  Radiant  Tem- 
perature (MRT). 

Because  these  two  types  of  heat  loss  supplement  each  other,  a  required 
rate  of  total  heat  loss  can  result  either  from  a  relatively  low  air  temperature 
and  a  relatively  high  MET,  or  vice  versa. 

At  the  temperature  which  produces  comfort  (and  at  all  lower  tempera- 
tures) the  production  of  sweat  is  low  and  the  heat  loss  by  evaporation  is 
relatively  low  and  relatively  constant,  irrespective  of  the  relative  humidity 
of  the  atmosphere.  Under  such  conditions  the  heat  loss  from  the  body  is 
chiefly  related  to  the  combined  effect  of  convection  and  radiation.  For 
unclothed  subjects  in  a  reclining  posture,  the  heat  demand  of  the  environ- 
ment, so  far  as  these  two  factors  of  radiation  and  convection  are  concerned, 
may  be  measured  by  Operative  Temperature,  which  is  defined  by  the  follow- 
ing formula,  modified  from  that  of  Gagge1  by  the  expression  of  air  velocity 
in  feet  per  minute  and  the  various  temperatures  in  Fahrenheit  degrees, 
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U  «•  0.81  fw  +  0.135  [VV  k  -  (A/V  -  1.40)  «J, 


20  =  operative  temperature,  Fahrenheit  degrees. 
tw  =  mean  radiant  temperature,,  Fahrenheit  degrees. 
£A  =*  air  temperature,  Fahrenheit  degrees. 
£s  ~  mean  skin  temperature,  Fahrenheit  degrees. 
V  —  air  velocity  in  feet  per  minute. 

Under  comfortable  still  air  conditions  during  the  heating  season,  the 
mean  skin  temperature  of  persons  normally  clothed  is  between  90  and  93  F 
(with  lower  values  for  the  extremities),  and  the  mean  clothing  surface 
temperature  is  between  82  and  86  F. 

The  normal  rate  of  heat  production  in  an  average  sized  sedentary  indi- 
vidual is  about  400  Btu  per  hour.  The  heat  production  for  persons  sub- 
jected to  various  rates  of  activity  is  given  in  Chapters  6  and  12.  The 
human  body  is  of  complicated  shape,  and  radiation  takes  place  freely  only 
from  the  exposed  outer  surfaces  ;  there  are  considerable  portions  of  the  body 
such  as  the  legs,  arms,  lower  part  of  the  head,  etc.,  which  radiate  most  of 
their  heat  to  other  portions. 

It  is  necessary  to  determine  the  equivalent  surface  of  the  body  from  which 
heat  is  radiated,  and  a  similar  value  for  convection.  The  total  may  be 
assumed  to  be  about  19.5  sq  ft  for  convection  and  15.5  sq  ft  for  radiation, 
in  an  average  sized  individual. 

The  loss  by  respiration  and  by  evaporation  from  the  nose  and  throat 
depends  on  the  temperature  and  area  of  the  moist  surfaces  (respiratory)  of 
the  body,  the  air  temperature,  air  movement,  and  humidity.  In  air  at  a 
temperature  of  70  F,  this  loss,  for  a  sedentary  individual  of  average  size, 
will  be  approximately  90  Btu  per  hour;  and  at  60  F,  about  70  Btu  per  hour. 
These  values  are  relative,  because  the  total  will  vary  materially  with  change 
of  position,  bodily  activity,  age,  sex,  race,  etc. 

The  balance  of  the  heat  generated  in  the  average  human  body,  approxi- 
mately 300  to  320  Btu  per  hour  at  about  70  F  room  temperature,  is  the 
approximate  amount  of  heat  given  off  by  radiation  and  by  convection  from 
the  external  body  surfaces.  Under  normal  conditions  (in  still  air),  the 
radiation  loss  will  be  about  190  Btu  per  hour;  and  the  convection  loss  about 
120  Btu  per  hour.  With  an  air  velocity  of  520  fpm,  comfort  will  require 
an  increase  in  Operative  Temperature  of  nearly  12  deg  ;  under  such  condi- 
tions the  convection  loss  will  rise  to  250  Btu  per  hour,  but  comfort  may  be 
attained  if  the  subject  is  surrounded  by  heated  walls  which  keep  the  radia- 
tion loss  at  about  50  Btu.2 

It  is  neither  feasible  nor  desirable  to  change  the  relationships  of  convec- 
tion and  radiation  very  greatly  in  actual  heating  practice.  In  the  labora- 
tory, where  the  laws  of  radiative  heat  loss  have  been  deduced,  it  is  necessary 
to  produce  wide  differences  between  radiative  and  convective  heat  loss. 
This  can  only  be  accomplished,  however,  by  elaborate  and  powerful  condi- 
tioning apparatus  which  simultaneously  heats  walls  and  cools  air,  or  vice 
versa.  Such  a  process  would  be  very  costly  in  practice,  and  would  not  be 
justified  unless  marked  improvement  in  comfort  resulted  from  such  a  condi- 
tion —  an  assumption  which  has  not  been  demonstrated.  In  practice, 
where  radiant  heat  is  introduced  into  a  room,  it  is  absorbed  by  surfaces, 
furniture,  and  the  like,  and  then  transformed  into  convective  heat  so  that 
air  and  surfaces  tend  to  attain  a  generally  uniform  temperature. 
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OBJECTIVES  OF  RADIANT  HEATING 

Under  ordinary  circumstances,  the  human  being,  indoors,  is  not  subjected 
to  marked  variations  between  the  factors  affecting  convection  and  radia- 
tion. Air  and  walls  are  not  commonly  very  far  apart  in  temperature ;  air 
movement  and  relative  humidity  are  usually  low.  Where  such  conditions 
obtain,  the  ordinary  air  thermometer  is  a  good  measure  of  comfort,  which 
is  the  reason  why  it  has  enjoyed  such  universal  use.  Where  considerable 
window  surfaces  create  heavy  radiation  loss,  or  where  stoves  or  open  fires, 
or  very  hot  ceilings  contribute  to  large  radiation  gain,  the  conditions  are 
changed,  and  the  air  temperature  productive  of  comfort  must  be  corres- 
pondingly modified. 

In  general,  however,  radiant  heating  of  occupied  spaces  is  not  a  pro- 
cedure designed  to  create  differences  between  air  and  walls,  but  is  merely 
one  method  of  introducing  heat  into  that  space.  The  engineering  factors 
used  in  determining  desirable  heat  input  will  be  essentially  the  same  as  if 
the  heat  were  introduced  by  convection,  or  in  any  other  way. 

PRACTICAL  PROBLEMS  OF  RADIANT  HEATMG 
FROM  A  PHYSIOLOGICAL  STANDPOINT 

It  is  convenient  to  distinguish  two  different  methods  of  introducing 
radiant  heat  into  an  enclosed  space.  The  first,  which  may  be  called  high- 
temperture  radiation,  involves  direct  exposure  of  the  occupied  parts  of  the 
room  to  radiation  emitted  from  relatively  small  heating  units  of  very  high 
temperatures  (perhaps  1,000  F) ;  the  second,  panel  heating,  involves  ex- 
posure to  relatively  large  surfaces  at  not  over  130  F. 

High-temperature  radiant  heating  may  be  useful  for  temporary  purposes, 
as  in  the  use  of  a  bathroom  heater.  It  is,  however,  generally  an  undesirable 
process  (except  in  rooms  of  great  height)  because  of  the  marked  unevenness 
of  the  effect  produced  on  the  human  body.  Studies  at  the  John  B.  Pierce 
Laboratory  of  Hygiene  have  shown  that  this  type  of  heating  produces 
uncomfortable  differences  in  the  temperature  of  different  parts  of  the  body 
(an  over-heated  head,  for  example,  if  the  heat  comes  from  the  ceiling). 

Panel  heating,  on  the  other  hand,  is  advantageous  from  the  standpoint 
of  temperature  differentials.  In  actual  practice,  a  well-designed  system  of 
this  sort  produces  very  uniform  conditions,  the  air  throughout  the  room 
differing  at  various  points  by  only  5  deg.  This  is  desirable  from  the  com- 
fort standpoint  and  may  also  be  a  factor  in  heat  economy,  since  high  tem- 
peratures in  the  upper  part  of  the  room  favor  excessive  heat  loss.  The 
esthetic  value  of  such  a  system  is  also  considerable,  since  it  avoids  the  pres- 
ence of  registers  or  free-standing  radiators  in  the  room. 

In  the  design  of  panel  heating,  however,  careful  thought  must  be  given 
to  the  location  of  the  panels  from  the  standpoint  of  comfort.  The  English 
commonly  use  the  ceiling  for  their  panels,  but  their  rooms  are  generally 
high-studded,  and  outdoor  winter  temperatures  moderate.  With  low  ceil- 
ings, even  panels  may  produce  an  excessive  directional  heating  effect  if  all 
the  heat  necessary  in  a  cold  climate  is  introduced  from  above.  Similarly, 
if  the  floor  alone  is  used,  it  may  (in  very  cold  weather)  be  necessary  to 
make  the  floor  too  hot  for  comfort.  Wall  panels,  or  a  combination  of  ceil- 
ing and  floor  panels,  may  produce  the  best  results. 

FUNDAMENTAL  COMPUTATIONS 

The  mean  surface  temperature  of  an  inert  body,  which  will  cause  given 
rates  of  heat  loss  by  radiation  and  by  convection  in  a  uniform  environment, 
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having  a  given  air  temperature  and  a  given  mean  wall  temperature,  may 
be  calculated  from  fundamental  equations3  for  radiation  and  natural  con- 
vection, with  substitution  of  comparable  cylinders  for  the  irregular  human 
body. 


(1) 

i-235  (  T;  )   x  ( £  )     x  <r'  -  r^1'266  (2) 


where 


gr  «  heat  loss  by  radiation,  Btu  per  ^square  foot)  (hour). 

qs  =  heat  loss  by  convection,  Btu  per  (square  foot)  (hour). 

Ta  =  absolute  temperature  of  the  body  surface,  Fahrenheit  degrees. 

Tw  =  absolute  temperature  of  the  walls,  Fahrenheit  degrees. 

T*  —  absolute  temperature  of  the  air,  Fahrenheit  degrees. 


D  =  diameter  of  cylinder,  inches. 
e  =  the  ratio  of  actual  emission  to  black  body  emission. 

If  it  is  assumed  that  an  average  adult  has  a  height  of  5  ft  8  in.,  a  body 
surface  of  19.5  sq  ft  for  convection,  and  15.5  sq  ft  for  radiation,  an  equiva- 
lent effect  can  be  worked  out  for  two  cylinders,  5  ft  8  in.  high  by  13.15  in. 
diameter  and  10.45  in.  diameter,  respectively.  However,  while  the  effects 
on  a  cylinder,  of  a  particular  size  and  shape  may  be  used  to  estimate  average 
similar  effects  on  the  human  body,  it  should  be  remembered  that  the  heat 
loss  from  the  body  varies  greatly.  Every  movement  alters  not  only  its 
shape,  but  also  the  heat  generated  by  the  body,  the  velocity  of  the  air 
passing  over  it  and  the  surface  exposed  to  radiation.  This  fact  renders  the 
results  of  any  such  computation  only  approximate. 

APPLICATION  METHODS 

The  several  methods  of  applying  panel  and  radiant  heating  to  a  structure 
are: 

1.  By  warming  the  interior  wall  and  ceiling  surfaces  of  the  building.    Pipe  coils  are 
imbedded  in  the  concrete  or  plaster  of  the  walls  or  ceilings,  the  heating  medium  being 
hot  water  circulating  through  the  pipe  coils.    These  coils  are  generally  constructed 
of  small  pipe  i  or  f  in.  I.D.  and  spaced  about  6  to  9  in.  apart.    See  Fig.  1.    This  has 
the  effect  of  warming  the  entire  concrete  or  plaster  surface  in  which  the  pipes  are  im- 
bedded.   Since  the  temperature  of  the  heating  medium  should  never  exceed  about 
130  F,  due  to  the  possibility  of  cracking  the  plaster  the  area  of  the  warmed  surface 
must  be  sufficient  to  supply  the  requisite  quantity  of  heat  at  this  low  temperature. 
Normally  the  hot  water  circulation  is  maintained  by  means  of  a  circulating  pump,  and 
facilities  have  to  be  provided  to  eliminate  all  air  at  the  top  of  the  system.    All  coils 
and  circulating  pipes  are  welded  together  and  tested  after  erection  to  a  hydraulic 
pressure  of  300  psi. 

2.  By  circulating  warm  air  through  shallow  ducts  under  the  floor.    In  this  design  the 
entire  floor  surface  of  a  room  is  heated  as  in  Fig.  2.    This  method  was  used  2000  years 
ago  in  many  j>arts  of  the  Roman  Empire.    While  this  method  is  more  expensive  in 
construction,  it  is  effective  and  quite  suitable  for  cathedrals  and  large  public  build- 
ings.   To  provide  a  uniform  floor  temperature,  special  consideration  should  be  given 
to  the  design  of  the  air  ducts  so  that  equal  heat  distribution  is  obtained. 

3.  By  placing  hot  water  pipes  in  or  under  the  floor.    With  this  arrangement  the  whole 
floor  surface  of  a  room  is  raised  to  a  temperature  sufficient  to  give  comfortable  condi- 
tions.   Floor  heating  is  recommended  for  schools  and  hospitals  where  large  quantities 
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of  outside  air  are  desirable.  The  floor  surface  may  be  of  concrete,  wood  blocks, 
marble  or  any  other  material  unaffected  by  heat,  and  while  it  is  true  that  heat  will  be 
conducted  ^through  all  materials  used  in  floor  construction,  it  is  important  that  due 
consideration  be  given  to  the  emissivity  of  the  floor.  In  some  cases  where  pipe  coils 
are  installed  in  the  air  space  under  the  floor,  special  floors  are  constructed  in  sections 
so  that  the  whole  floor  can  be  lifted  to  examine  the  coils.  See  Fig.  3.  Pipes  supported 
thus  may  be  larger  and  the  heating  medium  maintained  at  a  higher  temperature  than 


supply  pipe  from  above  to  coils  in  walK 


"    H    H 


Panel  coil  in  brickwork    Welded  ioint 
behind  plasters.  " 

N^T 

...  ,,     .          Continuous  coil 
/teldedjoint    /behind  plaster 


ELEVATION 


Slide  adjusting  inlet  damper 


Third  floor, 
air  duct 


Air  ducts  in  floor  space 
PLAN 


FIG.  1.  COILS  IN  WALL  SURFACES  FIG.  2.  AIK  DUCTS  FOR  FLOOR  HEATING 


Return  main  in  trench 


Grid'  pipe  coil         Room  with  floor  removed 
under  floor  PLAN 

*  drop  pipe  Control  val 

roi  valve       /Pipes  under  ftoor 


Return  in  trench 


KKV/s/vyss, 

Earth/ 

I 


Pipes  buried  in  stone  fill 

ELEVATION 
Pipes  embedded  in  floor  slab v 


ELEVATION 
FIG.  3.  CONTINUOUS  COIL  IN  FLOOR 


ELEVATION 
FIG.  4.  COILS  IMBEDDED  IN  FLOORS 


when  pipes  are  actually  imbedded  in  the  floor.  Pipes  may  be  1}  or  2  in.  in  the  former, 
but  for  the  latter,  f  or  1  in.  pipes  are  recommended.  See  Fig.  4.  Where  the  heat  losses 
from  a  room  are  exceptionally  high,  it^may  be  necessary  to  supplement  the  warm  floor 
by  either  adding  some  coils  in  the  ceiling  or  forming  heated  panels  in  the  side  walls. 
4.  By  attaching  separate  heated  metal  plates  or  panels  to  the  interior  surfaces.  These 
plates  or  panels  are  placed  either  in  an  insulated  recess  so  that  the  surface  of  the  panel 
is  flush  with  the  surface  of  the  walls  or  ceilings,  or  they  may  be  secured  to  the  face  of 
the  wall.  They  may  be  covered  with  wood  veneers  and  decorated  to  harmonize  with 
other  parts  of  the  room,  or  they  may  be  cast  into  panels  to  imitate  oak  or  other  wood 
designs.  With  flat  plate  panels  it  is  common  practice  to  use  a  frame  of  plaster,  wood, 
metal  or  composition  to  allow  for  expansion.  These  plates  may  be  heated  with  either 
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hot  water  or  steam,  and  connected  as  In  an  ordinary  radiator  system.   See  Figs.  5  and 
6. 

5.  By  electric  heated  metal  plates  or  panels.    These  plates  or  panels  are  either  placed 
in  insulated  recesses  of  walls  or  ceilings,  or  fastened  to  the  construction,  as  found 
desirable,    They  should  not  have  a  surface  temperature  much  above  200  P.    Some 
have  a  much  higher  surface  temperature,  but  a  lower  temperature  gives  a  more  com- 
fortable condition  and  is  more  efficient. 

6.  By  electrically  heated  tapestry  mounted  on  screens  and  on  the  wall.    For  this  pur- 
pose the  screen  is  woven  with  an  electric  continuous  conductor.    Such  screens  are 
useful  to  plug  in  at  any  position  for  emergency  local  heating  without  taking  care  of  a 
large  room  or  office. 

If  all  of  a  heating  panel  is  installed  at  one  end  of  a  large  room,  there  may 
be  a  marked  difference  between  the  equivalent  temperature  on  the  two  sides 
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of  the  body.  It  is  usually  desirable,  therefore,  that  the  heat  be  distributed 
at  different  parts  of  the  walls  and  ceilings  so  that  no  uncomfortable  effect 
will  be  felt  from  unequal  heating. 

CALCULATION  PRINCIPLES 
Part  I— Panel  Heating 

The  term  panel  heating,  involving  both  radiation  and  convection,  is 
applied  in  this  chapter  to  a  system  in  which  the  heat  is  transmitted  from 
panel  surfaces  to  both  air  and  surrounding  surfaces,  as  is  the  case  under 
indoor  conditions. 

Panel  heating  systems  for  buildings  may  be  designed  as  illustrated  and 
described  in  the  following  design  of  a  panel  heating  system  for  the  room 
shown  in  Fig.  7.  The  design  is  based  on  continuous  heating.  Panel  heat- 
ing systems  should,  in  general,  be  operated  continuously  since  the  panels 
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have  large  thermal  capacities.  Where  panels  'are  heated  by  high  tempera- 
ture radiation  from  a  heat  source  directed  toward  them,  this  qualification 
does  not  apply. 

1.  Assume  the  location  and  the  approximate  size  of  the  heating  panel. 

Heating  panels  may  be  located  in  ceilings  or  floors  or  walls.  Ceiling  panels  have 
the  advantage  that  their  heat  emission  is  not  affected  by  tapestry  or  furniture,  and 
that  they  can  be  ^  used,  to  a  limited  extent,  as  cooling  panels  during  the  summer 
months.  If  used  in  low  rooms,  however,  they  may  produce  an  undesirable  heating 
effect  upon  the  head.  Floor  panels  have  the  advantage  that  they  can  be  easily  in- 
stalled, and  that  much  of  the  radiated  heat  is  delivered  to  the  lower  portions  of  the 
walls;  they  have  the  disadvantage  that  their  heat  emission  is  rather  uncertain,  since 
it  may  be  affected  by  covering  material  such  as  rugs,  carpets,  furniture,  and 
machinery.  - 

It  is  best  to  make  the  panels  as  large  as  practicable ;  for  example,  if  the  floor  or 
ceiling  is  used  as  the  heating  panel,  it  is  best  to  use  the  entire  floor  or  the  entire  ceil- 
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DESIGNING  A  PANEL  HEATING  SYSTEM 

ing,  or  both.  Heating  a  room  by  means  of  panels  is  very  similar  to  lighting  a  room. 
Heat  radiation  is  exactly  like  light  radiation,  except  that  it  has  a  longer  wave  length. 
If  a  room  is  lighted  by  means  of  a  large  number  of  small  units  distributed  uniformly 
over  the  ceiling,  the  room  is  lighted  more  uniformly  than  if  it  is  lighted  by  means  of  a 
single  unit  of  equal  capacity.  Similarly,  if  the  entire  ceiling  is  the  heating  panel, 
the  room  is  heated  more  uniformly  than  if  only  a  fractional  part  of  the  ceiling  is  used 
as  the  heating  panel.  ' 

In  the  following  example,  the  entire  ceiling  will  be  used  as  the  heating 
panel. 

2.  Select  the  desired  mean  temperature  of  the  air  in  the  room. 

In  a  panel -heated  room,  the  mean  air  temperature  is  a  few  degrees  lower  than  the 
mean  temperature  of  the  surfaces  of  the  enclosing  walls,  floor,  and  ceiling.  In  a  room 
heated  by  introduction  of  warm  air  or  by  means  of  radiators,  convectors,  or  other 
similar  heating  appliances,  located  within  the  room,  the  mean  temperature  of  the  air 
is  a  few  degrees  higher  than  the  mean  temperature  of  the  surfaces  of  the  enclosing 
walls,  floor,  and  ceiling.  Under  ordinary  conditions,  in  a  panel-heated  room,  the 
mean  temperature  of  the  air  ranges  from  approximately  65  F  to  72  F. 

In  the  following  example,  68  F  is  selected  as  the  mean  air  temperature. 

3.  Determine  as  accurately  as  practicable,  the  mean  temperature  of  the  inside 
surfaces  of  the  enclosing  watts,  floor,  and  ceiling. 
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The  two  inside  walls  are  assumed  to  separate  rooms,  which  are  filled  with  68  F  air, 
so  that  both  surfaces  of  each  wall  are  in  close  contact  with  68  F  air.  The  surface  tem- 
peratures of  these  walls,  therefore,  cannot  be  lower  than  68  F,  and  must  actually  be 
higher  than  68  F  because,  in  addition  to  their  contact  with  68  F  air  and  their  ^contact 
with  the  heated  ceiling,  they  are  exposed  to  the  heat  radiation  from  the  ceiling. 

In  the  following  example,  70  F  will  be  selected  as  the  mean  surface  tempera- 
ture of  the  inside  walls. 

For  the  two  outside  walls,  the  mean  inside  surface  temperature  can  be  calculated 
with  fair  accuracy.  For  a  heat  transmission  coefficient  of  0.25  and  a  temperature 
difference  of  68  deg,  heat  flows  through  the  wall  at  the  rate  of  17  Btuh  per  square  foot. 
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FIG.  8.  CHART  FOK  ESTIMATING  INSIDE  SURFACE  TEMPERATURES  OF  OUTSIDE  WALLS* 

*NorE:  The  value  of  U,  the  overall  coefficient  of  heat  transmission,  cannot  exceed  1.29  if  the  inside 
and  outside  film  coefficients  are  1.65  and  6.0,  respectively  (e.g.  -^  =  us  "^  6  ~  67m*  Tlierefor«r 
U  =»  1.29  maximum). 

If  the  indoor  film  coefficient  is  1.65,  the  temperature  difference,  indoor  air  to  inside 
wall  surface,  is  17/1.65  or  10  deg,  and  the  wall  surface  temperature  is  68  —  10,  or  58  F. 
This  value  may  be  taken  directly  from  Fig.  8.  However,  the  film  coefficient  1.65  was 
determined  to  represent  the  sum  of  the  heat  flow  into  the  wall,  by  conduction  from 
the  air  in  contact  with  the  wall,  and  by  radiation  from  the  warmer  surfaces  seen  by 
the  wall  surface.  In  a  panel -heated  room,  the  rate  of  heat  flow  into  the  outside  wall 
by  radiation  is  greater  than  it  is  in  a  radiator-heated  room;  consequently,  the  film 
coefficient  is  higher,  and  the  temperature  difference,  air  to  wall  surface,  is  smaller, 
and  therefore,  the  wall  surface  temperature  is  higher  than  the  calculated  58  F.  It  is 
impossible  to  determine  accurately  how  much  higher  than  58  F  the  temperature  of 
the  wall  surface  will  be  until  the  corresponding  indoor  air  film  coefficient  has  been 
determined  accurately, 

In  the  following  example,  60  F  will  be  selected  as  the  probable  mean  inside 
surface  temperature  of  the  outside  walls. 

The  probable  mean  inside  surface  temperatures  of  the  floor  and  the  glass  may^be 
determined  by  calculations  and  by  reasoning  similar  to  that  employed  to  determine 
the  inside  surface  temperature  of  the  outside  walls. 
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TABLE  1.    CALCUIATED  HEAT  Loss  OF  ROOM 


SUBFACE 

Ass  A 
SQFT 

U 

CALCULATION 

HEAT  Loss 

BTUH 

Outside  Walls  

360 

0.25 

360  x  0.25  x  68 

6,120 

Glass  

216 

1.13 

216  x  1.13  x  68 

16  597 

Inside  Walls  

480 

No  heat  loss 

Ceiling  

480 

^^. 

Heating  Panel 

: 

Floor  

480 

0.10 

480  x  0.10  x  38 

1  824 

Infiltration  

5  760  cu  ft  x  1  50  x  68  x  0  018 

10  576 

Total  

35,117 

III  the  following  example,  80  F  and  70  F  will  be  selected  as  the  probable 
inside  surface  temperatures  of  the  glass  and  floor,  respectively. 

4.  Determine  the  heat  loss  of  the  room. 

In  the  following  example,  the  heat  loss  calculation  will  be  based  on  an  outdoor  air 
temperature  of  0  F.  Since  the  functioning  of  a  panel -heating  system  differs  very  little 
from  that  of  a  radiator-type  heating  system,  the  heat  loss  shown  in  Table  1  may  be 
calculated  according  to  Chapter  11. 

The  heat  loss  through  the  outside  walls  and  through  the  glass  is  probably  a  little 
greater  than  calculated,  because  the  calculation  is  based  on  an  indoor  air  film  coef- 
ficient of  1.65  Btuh,  whereas,  for  a  panel -heated  room,  this  coefficient  is  a  little  higher, 
but  the  difference  is  probably  not  sufficiently  large  to  be  considered  in  design  calcu- 
lations for  a  heating  system. 

5.  Estimate  the  Mean  Radiant  Temperature. 

The  Mean  Radiant  Temperature  of  the  surfaces  enclosing  the  room,  but  not  includ- 
ing the  heating  panels,  may  be  estimated  as  follows: 


SURFACE 

AREA 

FAHB  DEQ 

PKODTOT 

Interior  Walls  .            

480 

70 

33,600 

Exterior  Walls  

360 

60 

21,600 

Glass.  

216 

30 

6,480 

Floor  

480 

70 

33,600 

1,536 

95,280 

The  sum  of  these  products  divided  by  the  sum  of  the  surface  areas  is:  95,280/1,536  or 
62.03  Fs  the  required  mean  surface  temperature. 

In  tlie  following  example,  62  F  will  be  selected  as  the  MRT  of  walls,  glass 
and  floors. 

6.  Determine  the  temperature  of  the  ceiling  panel. 

Determine  the  temperature  of  the  ceiling  so  that  the  ceiling  panel  will  deliver  heat 
to  the  room  at  a  rate  equal  to  the  rate  at  which  the  room  is  calculated  to  lose  heat, 
namely,  35,117  Btuh. 

When  a  room  is  heated  by  means  of  a  panel,  air  convection  currents  are  developed 
in  the  room  similar  to  those  which  are  developed  when  the  room  is  heated  by  means 
of  a  free-standing  radiator.  Consequently,  the  heating  panel  delivers  heat  to  the 
room  partly  by  radiation  and  partly  by  convection.  The  proportion  of  the  total  heat 
flow  delivered  by  convection  varies  with  the  location  of  the  heating  panel,  with  the 
height  of  the  ceiling,  and  with  the  size,  number,  and  location  of  pieces  of  furniture 
and  other  articles  which  interfere  with  the  free  flow  of  air  along  the  floor  and  along 
the  walls.  It  is  generally  sufficiently  accurate  to  assume  that  a  ceiling  panel  will 
deliver  70  per  cent  of  its  heat  by  radiation  and  30  per  cent  by  convection;  a  floor  panel 
55  per  cent  by  radiation  and  45  per  cent  by  convection;  and  a  wall  panel  65  per  cent 
by  radiation  and  35  per  cent  by  convection. 
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In  the  following  example,  it  will  be  assumed  that  the  ceiling  panel  must 
deliver  70  per  cent  of  its  heat  or  24^82  Btuh  by  radiation,  since  the  total 
calculated  heat  loss  is  35,117. 

When  two  plane  surfaces  of  infinite  size  are  parallel  to  each  other  and  their  surfaces 
are  at  different  temperatures,  the  exchange  of  heat  between  the  two  is  proportional 
to  the  difference  between  the  fourth  powers  of  their  absolute  temperatures.  This  is 
also  true  when  one  surface  is  completely  surrounded  by  another  surf  ace;  for  example, 
if  one  sphere  is  placed  within  another  sphere,  the  flow  of  heat  between  the  outer  sur- 
face of  the  smaller  sphere  and  the  inner  surface  of  the  larger  sphere  is  proportional  to 
the  fourth  power  of  the  absolute  temperatures  of  the  two  surfaces. 

In  a  panel-heated  room,  the  heated  panel  may  be  considered  to  be  completely  en- 
closed by  the  remaining  surfaces,  because  all  heat  radiated  by  the  heated  panel  is 
intercepted  by  those  surfaces.  Consequently,  the  flow  of  heat  from  the  heated  ceiling 
to  the  room,  by  radiation,  is  proportional  to  the  difference  between  the  fourth  powers 
of  the  absolute  temperature  of  the  ceiling  and  the  absolute  mean  radiant  temperature 
of  the  remaining  surfaces. 

The  rate  at  which  a  surface  emits  heat  varies  with  the  temperature  of  the  surface 
and  with  other  characteristics  of  the  surface.  For  ordinary  heat  flow  calculations,  it 
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FIG.  9.  HEAT  DELIVERED  TO  ROOM  BY  RADIATION  FBOM  PANEL 

is  sufficiently  accurate  to  assume  that  the  materials  which  are  commonly  used  in 
building  construction  emit  heat  at  a  rate  of : 


0.156 


ioo 


Btuh  per  square  foot 


where  T  is  the  absolute  temperature  of  the  surface  in  Fahrenheit  degrees. 

On  this  basis  the  flow  of  heat  from  the  ceiling  to  its  surrounding  surfaces  is  at  the 
rate  of: 


480  X  0.156 


\(L\  _ 

Lw 


100 


Btuh. 


In  order  that  this  rate  may  be  equal  to  24,582  Btuh,  T  must  be  572  and  the  ceiling 
temperature  about  112  F. 

Instead- of  calculating  this  temperature,  it  may  be  taken  from  Fig.  9,  as  follows: 
The  ceiling  must  deliver  heat  to  the  room,  by  radiation,  at  the  rate  of  24,582/480  or 
51  Btuh  per  square  foot.  Find  51  on  the  left  margin  and  move  horizontally  to  the 
intersection  with  a  62  MRT  line,  and  from  the  point  of  intersection  to  the  lower  mar- 
gin and  read  about  112  F. 

With  a  ceiling  temperature  of  112  F,  the  MRT  of  the  room  will  be  480  X  112  -f 
1,536  X  62;  the  sum  divided  by  2,016,  or  74  F. 

If  an  air  temperature  of  68  F  and  an  MRT  of  74  F  should  not  produce  satisfactory 
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conditions,  the  ceiling  temperature  can  easily  be  changed  as  necessary  by  changing 
the  temperature  of  the  circulating  water. 

7.  Select  the  medium  for  heating  the  ceiling  panel. 

The  medium  may  be  electricity,  steam,  air,  or  water,  but  usually  is  air  or  water. 
If  air  is  used,  it  is  generally  heated  in  the  basement,  passed  up  through  hollow  inside 
walls  or  through  ducts  in  those  walls,  allowed  to  flow  between  the  ceiling  and  the  floor 
above,  and  returned  to  the  basement  through  hollow  outside  walls  or  through  ducts 
in  those  walls. 

If  the  walls  and  floors  are  constructed  of  hollow  tile,  the  cells  in  the  tile  can  be 
placed  so  that  they  will  form  continuous  ducts  through  which  the  warm  air  can  flow 
up  the  inside  walls,  then  between  the  ceiling  and  the  floor  above,  and  down  the  out- 
side walls.  In  this  way  the  walls  and  ceiling  become  heating  panels. 

If  water  is  used  as  the  medium,  the  pipes  through  which  the  water  circulates 
(almost  always  under  forced  circulation)are  placed  in  the  floor,  walls,  or  ceiling  in 
such  a  manner  that  the  largest  possible  proportion  of  the  heat  emitted  by  the  pipes 
will  be  delivered  to  the  space  to  be  heated. 

Practical  limits  for  surface  temperatures  of  heating  panels  are  given  in 
Table  2. 

TABLE  2.    HIGHEST  SAFE  SURFACE  TEMPERATURES  FOR  HEATING  PANEL 


TYPE  OF  PANEL 

SURFACE  TEMPBHATUHB 
FDiia 

Plastered  Ceiling  (Pipes  Imbedded)  a  

115 

Plastered  Walls  (Pipes  Imbedded)8  

120 

Floor,  Any  Method  ,  

85 

Floor,  Border  and  Aisles  

120 

Iron,  Hot  Water  Medium1*  .       .  .     .         

160 

Iron,  Steam  Vapor*  

180 

Electrically  Heated  Panels  b  

200 

a  Gypsum  Association  recommends  that  panels  in  winch  gypsum  plaster  or  gypsum  products  are  used 
should  not  have  a  surface  temperature  exceeding  115  F. 
b  Low  surface  temperature  radiation  is  recommended  regardless  of  the  heating  medium  employed. 

8.  In  this  example  water  mil  be  selected  as  the  medium.  Determine  the  size, 
length,  and  location  of  the  pipe  coils  in  the  panels. 

When  hot-water  pipes  are  imbedded  in  concrete  slabs  or  attached  to  plastered  sur- 
faces, their  rate  of  heat  emission  varies  with  many  factors.  If  the  pipes  are  imbedded 
in  dense  concrete  slabs,  it  may  be  assumed  that  the  rate  of  heat  emission  of  J-in.  pipe, 
spaced  6  in.  on  centers;  J-in.  pipe,  spaced  9  in.  on  centers;  and  1-in.  pipe  spaced  12  in. 
on  centers;  per  foot  of  length  of  pipe  and  per  degree  difference  between  the  temper- 
ature of  the  water  in  the  pipe  and  that  of  the  air  in  the  space  to  be  heated,  is  0.8, 1.0, 
and  1.2  Btuh,  respectively.  If  the  distance  between  the  pipes  is  increased,  the  rate 
of  heat  emission,  per  foot  of  pipe,  is  also  increased;  if  the  distance  is  doubled,  the  rate 
of  heat  emission  is  increased  about  15  per  cent.  If  the  pipes  are  attached  to  plastered 
ceilings,  the  rate  of  heat  emission  is  slightly  less,  probably  about  10  per  cent  less, 
than  when  the  pipes  are  imbedded  in  concrete  slabs.  The  data  given  regarding  heat 
emission  of  panels  are  intended  as  general  guides  for  the  designer.  Additional  expe- 
rience and  research  are  needed  to  develop  definite  and  complete  data.  However,  after 
a  heating  panel  has  been  designed  and  installed,  any  small  error  can  easily  be  cor- 
rected by  modifying  the  temperature  of  the  water  circulating  through  the  coils. 

When  the  heating  pipes  are  attached  to  a  plastered  ceiling,  a  portion  of  the  heat 
emitted  by  the  pipes  is  delivered  to  the  space  below  the  ceiling,  and  a  portion  to  the 
space  above  the  ceiling.  The  relative  quantities  depend  on  the  degree  of  insulation 
applied  above  the  heating  coils. 

When  the  heating  pipes  are  imbedded  in  a  concrete  floor  slab,  a  portion  of  the  heat 
emitted  by  the  pipes  will  flow  upward  into  the  space  to  be  heated,  and  the  remainder 
will  flow  downward  into  the  ground. 

When  the  heating  pipes  are  placed  below  the  concrete  floor  slab  instead  of  being 
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imbedded  in  the  slab,  a  larger  portion  of  the  heat  will  flow  into  the  ground,  and  a 
smaller  portion  into  the  space  to  be  heated. 

In  the  f  ollowing  example  it  is  assumed  that  the  insulation  above  the  pipe 
coils  is  such  that  90  per  cent  of  the  heat  emitted  by  the  pipe  coils  mil  flow  into 
the  room  and  10  per  cent  into  the  space  above. 

Since  the  room  Is  to  receive  353117  Btuh,  and  since  the  room  is  assumed  to  receive 
only  90  per  cent  of  the  heat  emitted  by  the  coils  attached  to  the  plastered  ceiling,  the 
coils  must  emit  35,117/0.9  or  39,000  Btuh.  If  f -in.  pipe  and  a  mean  water  temperature 
of  140  F  are  selected,  the  heat  emitted,  per  foot  of  pipe,  will  be  0.9(140  —  68)  or  65 
Btuh.  The  quantity  of  pipe  required  will  therefore  be  39,000/65  =  600  lineal  feet. 

The  pipe  coils  can  be  arranged  in  any  convenient  manner,  but  should  be  arranged 
so  that  the  temperature  of  the  water  in  the  pipe  will  vary  only  slightly;  otherwise,  the 
temperature  distribution  over  the  ceiling  will  not  be  uniform.  Generally,  it  is  best 
to  arrange  the  pipes  so  as  to  form  two-pipe  reversed-return  flow  circuits  in  the  sepa- 
rate panels.  By  using  33  runs  of  J-in.  pipe,  welded  to  two  11  in.  mains,  sufficient  pipe 
surface  is  secured;  the  f-in.  pipes  will  then  be  spaced  about  8J  in.  on  centers,  which 
is  satisfactory. 

While  coils  can  be  designed  with  pipe  and  fitting  resistances  which  will  insure 
proper  distribution  to  each  coil,  it  is  advantageous  to  provide  adjustable  flow  control 
valves  or  resistances  for  final  regulation  of  the  water  temperature  or  flow  to  the 
various  coils.  It  is  desirable  to  divide  large  heating  systems  into  sections,  and  to 
install  valves  so  that  individual  sections  can  be  disconnected  without  interfering  with 
the  operation  of  the  system  as  a  whole. 

Part  II— Radiant  Heating 

The  term  radiant  heating  is  applied  in  this  chapter  to  a  system  in  which 
only  the  heat  radiated  from  the  panel  is  effective,  as  in  outdoor  and  semi- 
outdoor  conditions. 

The  outstanding  example  of  radiant  heating  is  the  transfer  of  heat  from 
the  sun  to  the  earth.  The  sun  radiates  large  quantities  of  energy  of  which 
a  very  small  portion  is  intercepted  by  the  earth.  A  part  of  the  intercepted 
radiation  is  transformed  into  heat  when  it  strikes  the  earth's  surface.  In 
this  manner  heat  is  received  by  the  earth  from  the  sun  by  radiation. 

In  industry,  radiant  heating  is  employed  in  manufacturing  processes, 
particularly  in  drying,  baking,  and  dehydrating  operations ;  in  agriculture, 
it  is  employed  to  improve  living  and  growing  conditions  for  young  plants 
and  young  animals. 

The  heating  engineer  employs  radiant  heat  primarily  in  the  heating  of 
open-air  schools  and  open-air  hospitals.  When  a  surface  radiates  heat,  and 
every  surface  does  unless  its  temperature  is  absolute  zero,  every  point  of 
the  surface  radiates  heat  in  all  directions.  The  total  quantity  of  heat 
radiated  by  a  point  or  by  an  elementary  area  is  TT  times  the  quantity  of  heat 
radiated  at  right  angles  to  the  surface.  ' 

Thus,  if  in  an  elementary  cube  the  upper  face  is  the  heating  panel,  the 
lower  face  would  receive  only  about  32  per  cent  of  the  radiated  energy,  and 
the  four  sides  would  receive  -each  about  17  per  cent. 

For  larger  surfaces  the  conditions  are  different.  If  two  parallel  plane 
surfaces  of  considerable  size  are  near  each  other,  the  rate  of  heat  exchange 
between  the  two  can  be  determined  fairly  accurately  by  means  of  the  chart 
of  Fig.  9.  This  is  possible  because  the  larger  part  of  the  heat  radiated  by 
one  of  the  surfaces  is  intercepted  by  the  other  surface,  and  only  a  small 
portion  is  radiated  in  such  directions  that  it  will  not  impinge  upon  the 
opposite  surface. 

As  the  distance  between  the  two  surfaces  is  increased,  the  proportion  of 
the  heat  radiated  by  one  of  the  parallel  plane  surfaces  and  intercepted  by 
the  other,  decreases  almost  as  the  square  of  the  distance  between  the  sur- 
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faces  increases,  because  the  intensity  of  heat  radiation,  like  the  intensity 
of  light  radiation,  varies  inversely  as  the  square  of  the  distance  from  the 
source  of  radiation. 

For  the  purpose  of  designing  radiant  heating  systems  in  which  the  heat- 
ing panel  is  practically  square  and  is  radiating  heat  toward  a  parallel  surface 
of  equal  size  and  shape,  as  shown  in  Fig.  10,  the  rate  of  heat  exchange 
between  the  two  surfaces  will  be  equal  to  that  shown  in  Fig.  9,  multiplied 
by  a  factor,  p,  which  depends  upon  the  ratio  of  h  to  $  (Fig.  10)  as  shown  in 
the  following  table : 


h/s  =          1 
p  «        0.200 


2 
0.070 


3  4 

0.034       0.020 


5 
0.013 


For  example,  if  a  panel  3  ft  square  is  located  parallel  to,  and  9  ft  above, 
a  bed  in  an  open-air  hospital,  and  if  the  temperature  of  the  panel  is  112  F 
and  that  of  the  bed  is  70  P,  the  rate  of  heat  transfer  from  the  panel  to  a 
9  sq  ft  section  of  the  bed  directly  beneath  the  panel,  will  be  3.4  per  cent  of 
the  rate  shown  in  Fig.  9,  or  0.034  X  9  X  44,  or  14  Btuh,  approximately.  The 
rate  of  heat  transfer  from  the  panel  to  a  section  of  the  bed  other  than  the 
9  sq  ft  directly  beneath  the  panel,  will  be  lower  than  14/9  Btuh  per  square 
foot. 


FIG.  10.  EFFECT  OF  HEIGHT  UPON  RADIATION  RECEIVED  FEOM  A  PANEL 

This  is  a  crude  way  of  designing  a  radiant  heating  system  for  an  open-air 
hospital,  but  it  is  sufficiently  accurate,  because  the  required  temperature 
of  the  bed  and  the  required  rate  of  heat  flow  into  it  will  vary  with  the  tem- 
perature of  the  outdoor  air,  with  the  air  movement  over  the  bed,  with  the 
thickness  and  the  character  of  the  bedding,  and  with  the  physical  condition 
of  the  patient. 

A  radiant  heating  system  for  an  open-air  school  may  be  designed  as 
described  for  the  open-air  hospital.  The  heating  panel  in  such  a  case 
should  be  almost  as  large  as  the  ceiling  and,  in  order  to  keep  the  heat  loss 
by  radiation  at  a  minimum,  should  be  placed  so  that  a  maximum  portion 
of  the  heat  radiated  by  the  panel  will  be  directed  toward  the  pupils,  and  a 
minimum  toward  the  outside  walls,  and  particularly  the  windows. 

MEASUREMENT  OF  RADIANT  HEATING 

Radiant  heating  is  intended  to  control  the  rate  of  radiant  heat  loss  from 
the  human  body,  and  should  be  measured  by  calorimetric  methods. 

The  apparatus  for  this  purpose  consists  essentially  of  a  cylinder,  main- 
tained at  the  accepted  mean  surface  temperature  of  the  human  body,  to- 
gether with  an  accurate  means  (usually  electrical)  of  measuring  the  varying 
rate  of  heat  supply  required  to  maintain  this  exact  temperature.  This 
instrument,  the  eupatheoscope,  is  readily  adapted  to  function  like  a  thenno- 
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stat  so  as  to  turn  heat  on  or  off,  when  the  desired  temperature  of  80  F,  or 
any  other  predetermined  surface  temperature  of  the  cylinder,  decreases  or 
increases  as  a  result  of  changes  in  the  Operative  Temperature. 

For  testing  work,  the  globe  thermometer  is  a  useful  instrument.  It  con- 
sists of  an  ordinary  mercury  thermometer,  with  its  bulb  placed  in  the  center 
of  a  sphere  from  6  to  9  in.  in  diameter,  usually  made  of  thin  copper,  and 
painted  black,  and  sometimes  covered  with  cloth.  The  temperature 
recorded  by  a  thermometer  with  its  bulb  in  the  center  of  the  sphere  is  termed 
the  radiation-convection  temperature.  See  Chapter  49. 

CONTROL  OF  PANEL  AND  RADIANT  HEATING 

The  effectiveness  of  any  type  of  control  will  depend  largely  on  the  time 
lag  of  the  system.  With  warm  air  passing  through  floor  ducts,  the  time  lag 


Room  heat  control 


FIG.  11.  TYPICAL  PANEL  AND  RADIANT  HEAT  CONTROL  SYSTEM 

is  usually  too  long  for  any  kind  of  room  thermostat;  in  fact  a  thermostat 
will  not  prove  suitable  with  any  system  if  the  building  is  constructed  with 
massive  brickwork  and  masonry,  unless  it  operates  in  conjunction  with  a 
time  control  responsive  to  changes  in  outside  conditions. 

The  heat  emitted  by  hot  water  pipes  imbedded  in  the  plaster  of  the  ceiling 
and  walls  or  in  the  concrete  base  of  a  floor,  can  be  effectively  controlled  by 
an  instrument  designed  to  modulate  the  temperature  of  the  water  circulat- 
ing in  the  system  according  to  the  outside  conditions.  Metal  panels  which 
can  be  installed  in  the  ceiling  or  side  walls,  may  be  either  controlled  by  an 
instrument  responsive  to  outside  weather  conditions,  or  by  a  specially  de- 
signed instrument  responsive  to  both  air  temperature  and  radiation.  Any 
purely  on  or  off  control  system  is  not  recommended  for  panel  heating. 

A  typical  control  system  operated  from  an  outside  thermostat  and  sup- 
plemented with  a  room  heat  control  instrument,  is  illustrated  in  Fig.  11. 
The  outside  thermostat  modulates  the  temperature  of  the  circulating  water 
in  the  coils  by  mixing  some  of  the  hot  water  leaving  the  boiler  with  a  pro- 
portionate amount  of  return  water  which  is  diverted  to  the  three-way  valve. 

One  type  of  room  instrument  consists  of  a  blackened  copper  sphere  of  6 
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or  8  in.  in  diameter,  in  which,  a  cylindrical  sump  contains  a  volatile  liquid. 
A  small  electric  heating  coil  creates  in  the  sphere  a  vapor  pressure  which 
remains  constant  as  long  as  the  total  heat  loss  from  the  sphere  is  at  the 
desired  rate.  If  the  Operative  Temperature  becomes  too  high  for  comfort, 
a  greater  vapor  pressure  results  from  the  smaller  heat  loss  from  the  sphere. 
This  acts  on  a  diaphragm  and  reduces  the  supply  of  heat  to  the  room.  With 
too  low  an  Operative  Temperature,  the  reverse  action  occurs.  A  similar 
instrument,  which  has  an  electric  heating  element  for  warming  the  air  inside 
the  sphere  and  the  thermostat-operated  switch,  is  also  used  for  controlling 
room  conditions. 

In  addition  to  a  thermostatically  controlled  device  for  modulating  the 
temperature  of  the  circulating  water,  it  is  advantageous  to  insert  in  each 
coil  a  locked  flow  control  or  adjustable  resistance  to  give  uniform  condi- 
tions throughout  all  rooms.  Owing  to  unforeseen  difficulties  with  varying 
frictional  losses  in  pipes,  emission  factor,  and  exposures,  it  is  an  advantage 
to  be  able  to  regulate  permanently  the  flow  through  each  circuit  by  means 
of  a  key  operated  valve  as  indicated  in  Fig.  4. 
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CHAPTER  24 

UNIT  AND  UNIT  VENTILATORS 

Definitions;  Unit  Heaters:  Classification,  Application,  Outlet  Velocities,  Ratings 

for  Various  Types,  Location,  Temperature,  Automatic  Control,  Piping 

Connections ;  Boiler  Capacity  for  Steam  Unit  Heaters;  Unit  Ventilators : 

Ratings,  Applications,  Location,  Exhaust  Vents; 

Window  Ventilators 

DESCRIPTIONS  of  heating,  cooling,  ventilating,  humidifying,  and  de- 
humidifying  systems  are  given  in  other  chapters.    This  chapter  deals 
with  unit  heaters  and  unit  ventilators.    Cooling  units  and  unit  air  condi- 
tioners are  described  in  Chapter  25. 

Definitions 

The  generally  accepted  meaning  of  the  word  unit  in  the  terms  unit  heat- 
ers, unit  ventilators,  and  unit  humidifiers  is  that  of  a  factory  made,  encased 
assembly  of  the  functional  elements  indicated  by  its  name.  Such  units 
can  be  shipped  complete  or  in  sections,  so  that  the  only  field  work  necessary 
is:  the  assembling  of  the  sections;  providing  proper  supports;  connecting 
the  unit  to  sources  of  heat  (or  fuel),  power  and  water  supply  and,  if  neces- 
sary, to  vent  pipes  for  combustion  gases. 

The  term  unit  heater  denotes  an  assembly  of  elements,  the  principal  func- 
tion of  which  is  heating.  The  essential  elements  of  a  unit  heater  are  a  fan 
and  motor,  a  heater,  a  housing,  and  outlet  vanes  or  diffusers. 

The  term  unit  ventilator  denotes  an  assembly,  the  principal  function  of 
which  is  to  ventilate.  It  may  serve  to  circulate  air  within  the  space,  or  to 
introduce  air  from  without  the  space,  or  may  accomplish  both  purposes. 
The  essential  elements  of  a  unit  ventilator  are  a  fan  and  motor,  a  heater,  a 
set  of  dampers,  a  housing  and  outlet  vanes  or  diffusers. 

UNIT  HEATERS 
Ckssification 

The  various  types  of  unit  heaters  which  are  at  present  available  can 
usually  be  classified  according  to  one  of  the  three  following  methods : 

1.  By  type  of  heater.    Under  this  classification  there  are  three  types  of 
heating  elements  to  be  considered:  (a)  the  steam  or  hot  water  type,  (6)  the 
electric  type,  and  (c)  the  direct  fired  type  which  may  be  gas,  oil,  or  coal  fired. 

2.  By  type  of  fan.    Under  this  classification  there  are  two  types  of  fans 
to  be  considered :  (a)  the  propeller  type1  which  may  be  equipped  with  a  hori- 
zontal or  vertical  shaft,  and  (b)  the  centrifugal  type  which  may  be  designed 
for  horizontal  or  vertical  blow. 

3.  By  arrangement  of  elements.    Under  this  classification  there  are  two 
types  of  heaters  to  be  considered :     (a)  the  draw-through  type,  in  which  the 
fan  draws  air  through,  and  (b)  the  blow-through  type,  in  which  the  fan  blows 
air  through  the  heater. 

Unit  heaters  are  available  in  any  combination  of  the  three  preceding 
general  classifications.  For  example,  the  steam  or  hot  water  type  may  be 
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secured  with  either  the  propeller  or  centrifugal  type  of  fans,  and  in  either 
the  draw-through  or  blow-through  type. 

Unit  heaters  also  vary  in  other  minor  respects.  For  example,  steam  and 
return  inlets  and  outlets  may  be  located  on  the  top  and  bottom,  respectively, 
or  on  the  same  side  of  the  unit.  Some  units  are  supported  by  the  piping 
and  some  have  independent  supports.  The  heating  surface  of  steam  or 
water  type  units  is  generally  made  up  of  a  non-ferrous  tube-and-fin  assem- 
bly;  or  it  may  be  fabricated  of  steel,  or  cast  in  steel. 

Application  of  Unit  Heaters 

Unit  heaters  are  used  principally  for  heating  commercial  and  industrial 
structures  such  as  garages,  factories,  laboratories,  and  stores.  They  may 
also  be  used  for  heating  finished  rooms,  if  properly  applied  and  concealed, 
and  if  some  consideration  is  given  to  the  problem  of  noise. 

Unit  heaters  may  also  be  adapted  to  a  number  of  industrial  processes, 
such  as  drying  and  curing,  in  which  the  use  of  heated  air  in  rapid  circulation 
with  uniform  distribution  is  of  particular  advantage.  They  may  be  used 
for  moisture  absorption,  such  as  fog  removal  in  dye  houses,  or  for  the  pre- 
vention of  condensation  on  ceilings  or  other  cold  surfaces  of  buildings  in 
which  process  moisture  is  released.  When  such  conditions  are  severe,  it 
is  necessary  that  the  unit  heaters  draw  air  from  outside  in  enough  volume 
to  provide  a  rapid  air  change,  and  that  they  operate  in  conjunction  with 
ventilators  or  fans  for  exhausting  the  moisture-laden  air.  See  discussion 
of  condensation  in  Chapter  9, 

There  are  three  major  factors  to  consider  in  the  application  of  unit  heat- 
ers, namely:  (1)  location  of  unit,  (2)  air  distribution,  and  (3)  heating 
medium. 

There  are  a  variety  of  applications  which  are  favorable  to  the  use  of 
electric  unit  heaters.  For  supplemental  heat  in  residence  bathrooms,  for 
the  heating  of  ticket  booths,  watchmen's  offices,  factory  offices,  locker 
rooms  and  other  isolated  rooms  scattered  over  large  areas,  their  use  is 
peculiarly  adaptable.  They  are  particularly  useful  in  isolated  and  untended 
pumping  stations  or  pits  where  they  may  be  thermostatically  controlled  to 
prevent  freezing  temperatures. 

Gas-fired  unit  heaters  find  application  in  industrial  plants,  offices,  stores, 
garages;  in  fact,  in  almost  every  location  where  steam  type  units  are  used. 
The  installation  cost  of  gas-fired  units  is  usually  less  than  that  of  a  type 
requiring  that  a  new  boiler  be  installed. 

Oil-fired  unit  heaters  are  used  in  industrial  plants,  garages  and  commercial 
buildings. 

Coal-fired  unit  heaters  are  of  finned,  welded  steel,  or  cast-iron  construction, 
and  equipped  with  centrifugal  blowers.  They  are  usually  stoker-fired  to 
insure  proper  firing  of  fuel.  They  are  used  principally  in  large  industrial 
plants  such  as  foundries  or  assembly  plants,  and  provide  a  convenient 
source  of  heat,  are  readily  installed  and  economical  in  operation,  since  all 
heat  given  off  by  the  surface  of  the  heater  remains  in  the  heated  space. 

Outlet  Velocities 

Outlet  velocities  of  unit  heaters  vary  from  about  400  to  2500  fpm,  depend- 
ing upon  the  type  of  unit  and  the  distance  to  which  the  air  is  to  be  projected. 
Noise  and  drafts  must  be  considered  in  the  choice  of  air  velocities,  since 
both  increase  with  increase  of  air  velocity.  Velocities  and  decibel  ratings 
for  the  various  types  of  unit  heaters  illustrated  in  Figs.  1,  2,  3  and  4  are 
given  in  Table  1.  (See  Chapter  40  for  a  discussion  of  decibel  ratings.) 
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FIG  1.  CENTRIFUGAL  FAN  TYPE  UNIT  HBATEB — FLOOR  MOUNTED 
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In  the  selection  of  unit  heaters  it  is  important  to  ascertain  that  the  throw 
is  sufficient.  The  throw  is  dependent  to  a  marked  degree  on  the  temper- 
ature of  air  leaving  the  heater,  as  well  as  upon  its  velocity.  See  discussion 
under  heading  of  Inlet,  Outlet,  and  Space  Temperatures  with  Unit  Heaters. 

Ak  Outlets 

In  order  to  direct  the  air  to  points  desired  and  to  diffuse  the  air  to  avoid 
drafts,  unit  heaters  are  commonly  equipped  with  directional  outlets,  ad- 
justable louvers  or  fixed  types  of  diffusers. 

Ratings  of  Unit  Heaters 

It  is  standard  practice  to  rate  unit  heaters  on  the  basis  of  the  amount  of 
heat  delivered  by  the  air  in  Btu  per  hour  above  an  entering  air  temperature 
of  60  F,  This  applies  to  all  types  of  unit  heaters,  the  steam  or  hot  water 
type,  the  electric  type  and  the  direct  fired  type.  There  are,  however,  other 
factors  which  must  be  taken  into  account,  especially  when  an  attempt  is 
made  to  compare  one  type  of  heater  with  another.  These  are  the  tern- 

TASKS  1.    OUTLET  VELOCITIES,  DISTANCE  OF  BLOW  AND  DECIBEL  RATINGS  FOR 
VAEIOUS  TTPHS  OF  UNIT  HEATERS 


TYPE  OF 
UNIT  HEATEB 

OUTLET 
VELOCITIES  FPM 

DISTANCES  OF 
BLOW-—  Fia 

DECIBEL 
RATING 

Centrifugal  Fan     .  .              

1500-2500 

20-200 

34-90 

Horizontal  Propeller  Fan  

400-1000 

30-100 

26-84 

Vertical  Propeller  Fan  

1200-2200 

70 

50-82 

*  Refer  to  manufacturers1  tablets  for  limits  of  blow  and  decibel  ratings.  Values  in  this  table  are  maxima 
and  do  not  apply  to  all  makes  of  units. 

perature  of  the  heating  element  and  the  velocity  of  air  through  it.  Con- 
sideration is  given  to  these  factors  in  the  discussion  of  ratings  for  each  type 
of  unit  heater  in  the  following  paragraphs. 

Steam.  Rating  of  steam  unit  heaters  has  been  standardized  by  a  code2  in 
which  the  following  items  are  the  basis  of  rating:  dry  saturated  steam 
at  2  psig  pressure  at  the  heater  coil;  air  at  60  F  (29.92  in.  Hg  barometric 
pressure)  entering  the  heater;  and  heater  operating  free  of  external  resist- 
ance to  air  flow. 

The  capacity  of  a  heater  increases  as  the  steam  pressure  increases,  and 
decreases  as  the  entering  air  temperature  increases.  The  heating  capacity 
for  any  condition  of  steam  pressure  and  entering  air  temperature  other  than 
standard  may  be  calculated  approximately  from  any  given  rating  by  the 
use  of  factors  in  Table  2  for  the  blow-through  or  draw-through  types. 

Hot  Water.  A  standard  for  the  rating  of  hot  water  type  unit  heaters 
has  also  been  established  by  code3  in  which  the  following  items  are  the 
basis  of  rating:  entering  water  at  200  F;  entering  air  at  60  F  (29.92  in. 
Hg  barometric  pressure) ;  and  heater  operating  free  of  external  resistance 
to  air  flow.  This  code  also  prescribes  a  method  of  translating  the  output 
in  Btu  and  the  temperature  rise  as  obtained  uftder  test  conditions  to 
standard  conditions  of  air  and  water  temperature. 

Electric.  Electric  type  unit  heaters  are  available  in  sizes  up  to  at  least 
60  kw  capacity.  They  consist  of  resistance  type  heating  elements  combined 
with  fan  and  motor,  together  with  a  suitable  casing.  Electric  unit  heaters 


Unit  Heaters  and  Unit  Ventilators 


535 


TABLE  2.    CONSTANTS  FOR  DETERMINING  THE  CAPACITY  OF  UNIT  HEATERS 
FOB  YARIOUS  STEAM  PRESSURES  AND  TEMPERATURES  OP  ENTERING  AIR 

(Based  on  Steam  Pressure  of  %  psig  and  Entering  Air  Temperature  of  00  F) 


STEAM 
PHES- 

SURB 
PSI 

TEHPERATUEE  OF  ENTERING  AIB 

-10° 

0° 

10° 

20° 

30° 

40* 

50° 

60° 

70° 

80° 

90° 

100° 

0 

1.54 

1.45 

1.37 

1.27 

1.19 

1.11 

1.03 

0.96 

0.88 

0.81 

0.74 

0.67 

2 

1.59 

1.50 

1.41 

1.32 

1.24 

1.16 

1.08 

1.00 

0.93 

0.85 

0.78 

0.71 

5 

1.64 

1.55 

1.46 

1.37 

1.29 

1.21 

1.13 

1.05 

0.97 

0.90 

0.83 

0.76 

£ 

10 

1.73 

1.64 

1.55 

1.46 

1.38 

1.29 

1.21 

.13 

1.06 

0.98 

0.91 

0.84 

^ 

15 

1.80 

1.71 

1.61 

1.53 

1.44 

1.34 

1.28 

.19 

1.12 

1.04 

0.97 

0.90 

w 
o 

20 
30 

1.86 

1.97 

1.77 
1.87 

1.68 

1.78 

1.58 
1.68 

1.50 
1.60 

1.42 
1.51 

1.33 
1.43 

.25 
.35 

1.17 
1.27 

1.10 
1.19 

1.02 
1.12 

0.95 
1.04 

o 

40 

2.06 

1.96 

1.86 

1.77 

1.68 

1.60 

1.51 

.43 

1.35 

1.27 

1.19 

1.12 

w 

EH 

50 
60 

2.13 
2.20 

2.04 
2.09 

1.94 
2.00 

1.85 
1.90 

1.76 
1.81 

1.67 
1.73 

1.58 
1,64 

.50 

.56 

1.42 
1.47 

1.34 
1.39 

1.26 
1.31 

1.19 

1.24 

I 

70 
75 

2.26 

2.28 

2.16 
2.18 

2.06 
2.09 

1.96 
1.99 

1.87 
1.90 

1.78 
1.81 

1.70 
1.72 

.61 

.64 

1.53 
1.55 

1.45 
1.47 

1.37 
1.40 

1.29 
1.32 

80 

2.31 

2.21 

2.11 

2.02 

1.93 

1.84 

1.75 

.66 

1.58 

1.50 

1.42 

1.34 

90 

2.36 

2.26 

2.16 

2.06 

1.97 

1.88 

1.79 

.71 

1.62 

1.54 

1.46 

1.38 

100 

2.41 

2.31 

2.20 

2.11 

2.02 

1.93 

1.84 

.75 

1.66 

1.58 

1.50 

1.42 

0 

1.48 

1.41 

1.33 

1.25 

1.18 

1.11 

1.03 

0.96 

0.89 

0.82 

0.75 

0.69 

2 

1.52 

1.44 

1.36 

1.29 

1.22 

1.14 

1.07 

1.00 

0.93 

0.86 

0.79 

0.73 

H 

5 

1.57 

1.49 

1.41 

1.33 

1.26 

1.19 

1.11 

1.05 

0.98 

0.91 

0.84 

0.77 

CM 

10 

1.64 

1.56 

1.48 

1.40 

1.33 

1.25 

1.18 

1.11 

1.04 

0.97 

0.90 

0.84 

H 

15 

1.69 

1.61 

1,53 

1.46 

1.38 

1.31 

1.24 

1.17 

1.10 

1.03 

0.96 

0.90 

W 

B 

20 

ao 

1,73 
1.80 

1.65 
1.73 

1.57 
1.65 

1.50 
1.57 

1.42 
1.50 

1.35 
1.42 

1.28 
1.35 

1.21 
1.28 

1.14 
1.21 

1.07 
1.15 

1.00 
1.08 

0.94 
1.01 

O 

40 

1.86 

1.79 

1.71 

1.64 

1.56 

1.49 

1.42 

1.35 

1.28 

1.22 

1.15 

1.08 

§ 

50 

1.93 

1.85 

1.77 

1.70 

1.63 

1.55 

1.48 

.42 

1.35 

1.28 

1.21 

1.15 

H 

60 

1.97 

1.90 

1.82 

1.75 

1.67 

1.60 

1.53 

.46 

1.40 

1.33 

1,26 

1.19 

I 

Q 

70 
75 

80 

2.02 
2.04 
2.06 

1.94 
1.97 
1.9Q 

1.87 
1.90 
1.91 

1.80 
1.82 
1.84 

1.72 
1.75 
1.77 

1.65 
1.68 
1.70 

1.58 
1.61 
1.63 

.51 
.54 
.56 

1.44 
1.47 
1.49 

1.38 
1.40 

1.42 

1.31 
1.33 
1.35 

1.24 
1.27 
1.29 

90 

2.10 

2.03 

1.95 

1.88 

1.80 

1.73 

1.66 

.59 

1.52 

1.46 

1.39 

1.32 

100 

2.15 

2.07 

1.99 

1.92 

1.85 

1.77 

1.70 

.63 

1.56 

1.49 

1.43 

1.3$ 

Note:  To  determine  capacity  at  any  steam  pressure  and  entering  temperature,  multiply  constant  from 
table  by  rated  capacity  at  60  F  entering  air  and  2  psi. 

When  increasing  steam,  pressure  it  is  important  to  determine  whether  the  heater  is  suitable  for  the 
increased  pressure  application,  and  whether  the  resulting  increased  outlet  temperature  is  satis- 
factory. 

are  made  in  the  built-in-wall  model,  suspension  model,  and  free-standing 
or  portable  model. 

Electric  unit  heaters  are  rated  on  the  energy  input  to  the  heater,  expressed 
in  terms  of  kilowatts,  Btu  or  EDR.  Quite  often  all  three  ratings  are  given 
in  parallel  columns  in  the  catalogs. 

Gas-Fired.  Gas-fired  unit  heaters  are  built  in  both  suspended  and^  floor 
models,  with  either  propeller  or  centrifugal  type  fans.  They  are  available 
in  a  wide  range  of  sizes  from  about  24,000  to  over  4,000,000  Btu  per  hr  ca- 
pacity, and  are  usually  rated  in  terms  of  both  input  and  output  according  to 
the  approval  requirements  of  the  American  Standards  Association*  Any 
gas-fired  unit  which  is  thermostatically  controlled  and  has  a  pilot  must 
have  an  element  in  the  pilot  flame  which  will  automatically  close  the  gas 
valve  on  pilot  failure. 

Oil-Fired.  The  oil-fired  unit  heater  is  usually  equipped  with  a  centrifugal 
fan,  and  can  be  obtained  in  sizes  ranging  from  125,000  to  1,650,000  Btu 
per  hr  output  capacity  in  standard  units.  It  is  furnished  in  either  the 
floor-mounted  or  in  smaller  sizes  in  the  suspended  type* 
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Stoker-Fired.  The  stoker-fired  type  of  unit  heater  can  be  obtained  in 
ranges  of  from  300,000  to  6,000,000  (or  more)  Btu  per  hr  output  ca- 
pacity. Ratings  are  based  upon  delivered  output  at  heater  outlet. 

Effect  of  Resistance  Upon  Capacity 

Unit  heaters  are  customarily  rated  as  free  delivery  type  units.  If  out- 
side air  intakes,  air  filters,  or  ducts  on  the  discharge  side  are  used  with  the 
unit,  a  reduction  in  air  and  heating  capacity  will  result  because  of  this 
added  resistance.  The  percentage  of  this  reduction  in  capacity  will  depend 
upon  the  characteristics  of  the  heater,  and  on  the  type,  design  and  speed 
of  the  fans,  so  that  no  specific  percentage  reduction  can  be  assigned  for  all 
heaters  at  a  given  added  resistance.  In  general,  however,  propeller  fan 
type  units  will  experience  a  larger  reduction  in  capacity  than  housed  cen- 
trifugal fan  units  for  a  given  added  resistance,  and  a  given  heater  will  have 
a  larger  reduction  in  capacity  as  the  fan  speed  is  lowered.  The  heat  output 
to  be  expected  under  other  than  free  delivery  conditions  should  be  secured 
from  the  manufacturer. 

Detemining  Unit  Heater  Requirements 

The  formulas  given  in  the  section  on  Unit  Ventilators  may  be  used  to 
determine  unit  heater  capacity  requirements. 

Location  of  Unit  Heaters 

Care  should  be  taken  in  the  location  of  unit  heaters  to  insure  free  air 
circulation  to  the  intake.  The  best  arrangement  is  to  locate  units  so  that 
they  discharge  air  nearly  parallel  to  exterior  walls,  and  in  a  direction  which 
will  produce  a  rotational  circulation  around  the  room.  This  is  preferable 
to  directing  the  discharge  against  the  outside  walls. 

Various  types  and  makes  of  unit  heaters  are  illustrated  in  the  Catalog 
Data  Section  of  this  edition.  As  hot  blasts  of  air  in  working  zones  are 
usually  objectionable,  heaters  mounted  on  the  floor  should  have  their  dis- 
charge outlets  above  the  head  line,  and  suspended  heaters  should  be  placed 
in  such  manner  and  turned  in  such  direction  that  the  heated  air  stream  will 
not  be  objectionable  in  the  working  zone.  In  the  interest  of  economy,  how- 
ever, the  elevation  of  the  heater  outlet  and  the  direction  of  discharge  should 
be  so  arranged  that  the  heated  air  is  brought  as  close  above  the  head  line 
as  possible,  yet  not  into  the  working  zone. 

In  connection  with  the  use  of  vertical  type  unit  heaters,  care  must  be 
exercised  in  the  selection  of  the  heater.  It  has  been  found  that  the  higher 
the  unit  is  placed  above  the  floor,  the  lower  must  be  the  outlet  temperature 
of  the  air  leaving  the  heater  in  order  that  the  heated  air  may  be,  forced  intjo 
the  occupied  zone. 

Inlet,  Outlet  and  Space  Temperatures  with  Unit  Heaters 

In  the  selection  of  unit  heaters  for  any  particular  design,  consideration 
should  be  given  to  the  temperature  of  air  entering  the  heaters,  as  well  as 
the  temperature  to  be  maintained  in  the  working  zone  ,of  the  space.  In 
general,  the  temperature  differences  per  foot  of  elevation,  when  using  unit 
heaters,  are  less  than  corresponding  variations  when  using  direct  radiation.4 
High  velocity  units  will  maintain  slightly  lower  temperature  differences 
than  low  discharge  velocity  units.  Correspondingly,  units  with  lower  dis- 
charge air  temperature  will,  maintain  lower  temperature  differences  than 
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units  with  higher  discharge  temperatures.  Directional  control  of  the  dis- 
charged air  from  a  unit  heater  can  be  an  important  factor,  added  to  qualities 
of  reasonably  good  outlet  velocity  and  outlet  temperature,  in  effecting 

satisfactory  distribution  of  heat  and  reducing  floor-to-ceiling  temperature 
difference. 

Since  the  outlet  temperature  of  air  from  a  unit  heater  increases  with  the 
temperature  of  the  heating  medium,  such  as  high  pressure  steam,  heaters 
can  be  obtained  with  heating  elements  having  less  than  the  regular  amount 
of  heating  surface  in  order  to  obtain,  with  the  high  temperature  heating 
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FIG.  5.  UNIT  HEATER  CONNECTION  TO 
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medium,  approximately  the  same  leaving  air  temperature  as  would  be  ob- 
tained from  a  lower  temperature  heating  medium.  ;  '  . 

When  some  outside  air  is  introduced,  the  temperature  of  the  mixture  of  > 
outside  and  recirculating  air  must  be  calculated  and  used  as  the  entering 
air  temperature  at  the  heater.  Unit  heaters  connected  in  this  manner  per- 
form the  function  of  unit  ventilators.  For  a  discussion  of  this  function  see 
the  section  of  this  chapter  entitled  Unit  Ventilators. 

For  recirculating  heaters  located  at  the  floor  or  with  intakes  at  the  floor ; 
the  temperature  of  air  entering  the  heater  should  be  assumed  to  be  the  same 
as  that  to  be  maintained  in  the  room  itself. 

Automatic  Control  of  Unit  Heaters 

Thermostatic  control  of  unit  heaters  may  be  accomplished  either  by 
starting  and  stopping  the  fan,  or  by  controlling  the  flow  of  the  heating 
medium  to  the  heating  element.  If  the  fan  is  controlled,  it  is  advisable  to 
provide  a  temperature-operated  switch  to  prevent  the  fan  from  starting 
until  the  heating  element  is  heated  throughout.  Unit  heaters  may  be 
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used  in  summer  as  a  means  of  circulating  air  to  give  some  measure  of 
comfort  due  to  air  motion.  IE  such  cases  the  heating  element  should  be 
shut  off  from  the  source  of  heat.  The  thermostat  which  prevents  the 
fan  from  starting  until  the  heating  element  is  heated,  should  be  provided 
with  a  by-pass  switch,  which,  upon  being  closed,  will  permit  the  fan  to  be 
operated  independently  of  the  heating  element. 

PIPING  CONNECTIONS  FOR  STEAM  UNIT  HEATERS 
Piping  connections  for  steam  unit  heaters  are  similar  to  those  for  other 
types  of  fan  blast  heaters.    The  piping  of  unit  heaters  must  conform  strictly 
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to  the  system  requirements  while  at  the  same  time  permitting  the  heaters 
themselves  to  function  as  intended.  The  basic  piping  principles  for  steam 
systems  are  discussed  in  Chapter  20. 

Rapid  condensation  of  steam,  especially  during  heating-up  periods,  is 
characteristic  of  this  type  of  equipment.  The  return  piping  must  be 
planned  to  keep  the  heating  coil  free  of  rapid  condensation,  while  the  steam 
piping  must  be  ample  to  carry  a  full  supply  of  steam  to  the  unit  to  take  the 
place  of  that  condensed.  Adequate  sizes  of  piping  are  especially  important 
where  a  unit  heater  fan  is  operated  under  start-and-stop  control,  and  where 
all  or  part  of  the  air  is  taken  from  the  outside.  In  such  installations  the 
condensation  rate  may  vary  rapidly,  and  the  necessity  for  ample  pipe  capac- 
ity is  particularly  important. 

A  method  of  connecting  a  unit  heater  to  a  one-pipe  gravity  system  is 
illustrated  in  Fig.  5.  When  the  return  main  is  located  above  the  boiler 
water  line,  an  artificial  water  line  must  be  created  by  providing  an  equaliz- 
ing loop  to  prevent  steam  passing  into  the  return,  and  thus  into  other  units. 

A  piping  arrangement  where  both  the  air  and  condensate  pass  through  a 
common  return  to  a  boiler,  with  vent  trap  or  condensate  pump  and  receiver, 
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Is  shown  in  Fig.  6,  The  traps  must  pass  air  and  condensate  rapidly  to  keep 
the  return  piping  partially  full  of  water. 

Since  unit  heaters  are  often  constructed  with  sufficient  strength,  the  use 
of  high  pressure  steam  in  them  is  a  common  practice.  As  shown  in  Fig.  7, 
the  condensate  and  air  reach  the  return  overhead  through  traps,  and  check 
valves  are  located  in  the  return  piping.  It  is,  however,  preferable  to  locate 
the  high  pressure  return  below  the  heater. 

For  two-pipe  closed  gravity  return  systems,  the  return  from  each  unit 
should  be  fitted  with  a  heavy  duty  or  blast  trap,  and  an  automatic  air  valve 
should  be  connected  into  the  return  header  of  each  unit  heater.  Provision 
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must  be  made  to  compensate  for  the  pressure  drop  by  elevating  the  unit 
heater  above  the  water  line  of  the  boiler  or  of  the  receiver. 

In  pump  and  receiver  systems,  the  air  may  be  eliminated  by  individual 
air  valves  on  the  heaters,  or  it  may  be  carried  into  the  returns  as  in  vacuum 
systems,  and  the  entire  return  system  be  free-vented  to  the  atmosphere,  pro- 
vided all  units,  drip  points,  and  radiation  are  properly  trapped  to  prevent 
steam  entering  the  returns. 

On  vacuum  or  open  vent  systems,  the  return  from  each  unit  should  be 
fitted  with  a  large  capacity  trap  to  discharge  the  water  of  condensation,  and 
with  a  thermostatic  air  valve  for  eliminating  the  air,  or  with  a  heavy-duty 
trap  for  handling  both  the  condensation  and  the  air,  provided  the  air  finally 
can  be  eliminated  at  some  other  point  in  the  return  system. 

For  high  pressure  systems  the  same  kind  of  traps  may  be  used  as  with 
vacuum  systems,  except  that  they  must  be  constructed  for  the  pressure 
used.  If  the  air  is  to  be  eliminated  at  the  return  header  of  the  unit,  a  high 
pressure  air  valve  can  be  used;  otherwise  the  air  may  be  passed ^with  the 
condensate  through  the  high-pressure  return  trap,  and  then  eliminated  at 
some  other  point  in  the  system. 

Fig.  8  represents  the  connections  to  a  hot  water  heating  system.    The  air 
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vent  Is  not  required  if  the  main  Is  above  the  heater  and  air  can  be  eliminated 
through  the  piping  system. 

BOILER  CAPACITY  FOR       UNIT  HEATERS 

The  capacity  of  the  boiler  should  be  based  on  the  rated  capacity  of  the 
unit  heaters  at  the  lowest  entering  air  temperature  and  highest  fan  speed 
that  will  occur,  plus  an  allowance  for  pipe  line  losses.  It  Is  unwise  to 
Install  a  single  unit  heater  as  the  sole  load  on  any  boiler,  particularly  if 
the  unit  heater  motor  is  started  and  stopped  by  thermostatic  control.  The 
wide  and  sudden  fluctuations  of  load  that  occur  under  such  conditions 
would  require  closer  attention  to  the  boiler  than  is  usually  possible  in  a 
small  installation.  Where  oil  or  gas  is  used  to  fixe  the  boiler,  it  is  possible 
by  means  of  a  pressurestat  to  control  the  boiler,  in  response  to  this  rapid 
fluctuation.  In  most  cases,  and  particularly  where  the  boiler  is  coal-fired, 
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it  is  advisable  to  use  two  or  more  smaller  units  instead  of  one  large  unit. 

Steam  pressures  below  5  Ib  can  be  used  with  safety  for  recirculating'imit 
heaters  when  their  heating  surfaces  are  designed  for  those  pressures,  and 
when  proper  provision  is  made  for  returning  the  condensate.  If  units 
admit  air  that  may  be  at  a  temperature  below  freezing,  a  steam  pressure  of 
not  less  than  5  Ib  should  be  maintained  on  the  heating  element,  or  a  corre- 
sponding differential  in  pressure  between  the  supply  and  returns  should  be 
maintained  by  means  of  a  vacuum. 

UNIT  VENTILATORS 

A  unit  ventilator  is  essentially  a  unit  heater  equipped  with  dampers  for 
Introducing  outdoor  and  recirculating  air  in  varying  quantities,  and 
arranged  with  a  system  of  control  that  permits  the  heating  effect  to,  be 
varied  with  the  fans  operating  continuously.  Either  steam  or  forced  hot 
water  may  be  employed  as  the  heating  medium,  although  steam  is  the  more 
common.  Unit  ventilators  are  intended  primarily  for  use  in  schools,  meet- 


Unit  Heaters  and  Unit  Ventilators 


541 


ing  rooms,  offices  or  other  applications  where  the  density  of  occupancy 
indicates  the  need  for*  ventilation.  In  normal  operation,  the  discharge  air 
temperature  from  a  unit  ventilator  is  varied  in  accordance  with  the  room 
demands.  Where  a  heating  effect  is  required,  the  air  delivered  is  above 
room  temperature.  Where  the  heat  generated  within  the  room  by  occu- 
pants, sun,  etc. 5  is  sufficient  to  cause  overheating,  then  the  air  delivery  tem- 
perature must  be  below  that  of  the  rooms.  It  is  customary  to  equip  unit 
ventilators  with  control  devices  that  prevent  the  delivery  of  air  at  a  tem- 
perature that  will  cause  cold  drafts.  Unit  ventilators  may  be  of  the  radia- 
tor or  damper  controlled  type  constructed  on  the  blow-through  or 
draw-through  principle  as  illustrated  in  Fig.  9. 

Ratings  of  Unit  Ventilators 

Unit  ventilators  of  the  steam  type  are  customarily  cataloged  with  two 
ratings,  one  the  input  and  the  other  the  output  capacity.  The  first  is  the 
heat  input  to  the  unit  which  is  determined  by  measuring  the  temperature 
and  quantity  of  condensate  and  the  pressure  and  quality  of  the  steam. 
The  second  is  the  heat  output  of  the  unit  which  is  determined  by  measuring 

TABLE  3.  TYPICAL  CAPACITIES  or  UNIT  VBNTILATOKS 
FOR  AN  ENTERING  AIB  TBMPERATTTRB  OP  ZERO 


CUBIC  FBBT  or  AIR  PEE  MINUTE 

TOTAL  CAPACITY  IN 
SQUARE  FEET, 
EQUIVALENT  Di- 
BECT  BADIATION 

CAPACITY  AVAILABLE  FOB 
HEATING  THE  ROOM,  SQUARE 
FEET  EQUIVALENT  DIBBCT 
RADIATION 

FINAL  AIB 
TEMPERATURE 

FDEQ 

Anemometer 
Rating 

Condensate 
Eating 

750 
1000 
1260 
1560 

500 
750 
1000 
1250 

214 
320 
427 
534 

56 

84 
112 
141 

95 
95 
95 
95 

the  quantity  of  air  delivered  and  the  temperature  of  the  air  to  and  from 
the  unit.  Table  3  shows  the  air  handling  capacities  by  the  two  methods 
of  rating5  and  also  the  approximate  heating  data.  In  accordance  with  the 
A.S.H.V.E.  Standard  Code  for  Testing  and  Rating  Steam  Unit  Ventilators 
the  rating  information  to  be  supplied  and  the  basis  of  rating  are: 

Rating  Factors  to  Be  Specified.    The  rating  of  the  unit  ventilator  shall  specify: 

o.  Final  temperature  at  different  entering  air  temperatures. 

6.  Total  EDR  at  different  entering  air  temperatures. 

c.  Air  delivered  by  the  unit  in  cubic  feet  per  minute  at  the  standard  basis  of  rating 
with  the  fans  operated  at  rated  speed,  with  all  air  being  blown  through  the 
heating  unit,  and  with  the  standard  louver  and  grille  on  the  outlet. 

The  Standard  Basis  of  Rating  shall  be  as  follows: 

o.  Dry  saturated  steam  at  a  temperature  at  the  unit  corresponding  to  an  absolute 
pressure  of  16.7  psi  (218.5  P). 

6.  Entering  air  temperature  of  zero  Fahrenheit  degrees. 

c.  Volume  delivered  in  cubic  feet  per  minute  converted  to  standard  air  at  70  F. 

Rating  Tables  for  unit  ventilators  shall  contain  the  following  data  in  addition  to 
the  standard  rating,  for  entering  air  temperatures  from  —30  F  to  4-60  F: 

a.  Inlet  temperature,  Fahrenheit  degrees. 

b.  Final  temperature,  Fahrenheit  degrees. 

c.  Total  EDR  at  the  specified  entering  temperature, 

d.  Surplus  or  heating  EDR  at  the  specified  entering  temperature. 

Surplus  or  Heating  Equivalent  Direct  Radiation  for  the  purposes  of  this  code  shall 
be  construed  to  mean  difference  between  the  total  EDR  at  a  specified  inlet  temper- 
ature and  the  EDR  required  to  heat  the  air  from  that  temperature  to  70  F. 
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If  no  direct  heating  surface  (radiation)  is  installed  to  take  care  of  the 
normal  heat  transfer  losses,  and  the  unit  ventilator  is  to  be  used  for  both 
heating  and  ventilation,  then  the  combined  requirements  must  be  taken 
care  of  by  the  unit  ventilator. 

Heat  Required  for  VentHating  Only 

When  all  of  the  air  handled  by  the  unit  is  taken  from  the  outside,  the 
total  heat  to  be  supplied  is  obtained  by  means  of  Equations  1,  2,  3,  and  4. 

H  -  0.24  W  (ty  -  0  (1) 

H,  -  0.24  W  (t  -  to)  (2) 

H,  -  0.24  PT  &  -  *0)  -  IT  +  £TT                                        (3) 

W  =  d  60  Q  (4) 

From  Equations  2,  3,  and  4: 

Ht  =  H  +  0.24  d  60  Q  (t  -  t9).  (5) 

where 

d  =  density  of  air,  pounds  per  cubic  foot  (0.075  Ib  per  cu  ft  for  Standard  Air  by 

definition). 

H  =  heat  loss  of  room,  Btu  per  hour. 

Hv  =  heat  required  to  warm  air  for  ventilation,  Btu  per  hour. 
Hi  ==  total  heat  requirements  for  both  heating  and  ventilation,  Btu  per  hour. 
Q  =  volume  of  air  handled  by  the  ventilating  equipment,  cubic  feet  per  minute. 
t  =  temperature  to  be,  maintained  in  the  room,  Fahrenheit  degrees. 
t0  =  outside  temperature,  Fahrenheit  degrees. 
ty  =  temperature  of  the  air  leaving  the  unit,  Fahrenheit  degrees. 
W  =  weight  of  air  circulated,  pounds  per  hour. 
0.24  =  specific  heat  of  air  at  constant  pressure  (approximate  value). 

Example  1.  The  heat  loss  of  a  certain  room  is  24,000  Btu  £>er  hour,  and  the  venti- 
lating requirements  are  1000  cfm.  If  the  room  temperature  is  to  be  70  F  and  all  air 
is  taken  from  the  outside  at  zero,  what  will  be  the  total  heat  demand  on  the  unit  if 
it  is  required  to  provide  for  both  the  heating  and  ventilating  requirements  (combined 
system)  ? 

Solution.    Substituting  in  Equation  5: 

Hi  «  24,000  +  0.24  X  0.075  X  60  X  1000  (70  -  0)  =  99,600  Btu  per  hour 

24,000 


0.24  X  0.075  X  60  X  1000 


+  70  «  92*2  F. 


Heat  Required  for  Ventilating  and  Recirculating 

When  part  of  the  air  handled  by  the  unit  is  taken  from  the  room  and  the 
remainder  from  the  outside, 


Ht  -  0.24TF0  (ty  -  tQ)  -f  0.24  W{  (ty  -  t)  (6) 

Wo  «  d<,  60  Qo  (7) 

Wi  «  di  60  Qi  (8) 


Ht  _  H  +  0.24  do  60  QQ  (t  -  <0)  (10) 

where 

W*  =  weight  of  air,  pounds  per  hour  taken  from  out-of-doors. 
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Wi  =  weight  of  air,  pounds  per  hour  taken  from  the  room. 

d0  =  density  of  air,  pounds  per  cubic  foot  at  temperature  tot 

di  =  density  of  air,  pounds  per  cubic  foot  at  temperature  t. 

Qo  =  volume  of  air  taken  in  from  the  outside,  cubic  feet  per  minute. 

Qi  =  volume  of  air  taken  in  from  the  room,  cubic  feet  per  minute. 

Applications  of  Unit  Ventilators 

Items  to  be  considered  in  the  application  of  unit  ventilators  are;  (1) 
combination  with  other  means  of  heating,  (2)  location  of  units,  and  (3) 
method  of  venting  or  exhausting. 

In  a  split  system  the  unit  is  used  primarily  for  ventilation.  Air  is 
delivered  to^the  room  at  or  slightly  above  room  temperature,  and  enough 
radiation  is  installed  in  the  room  to  take  care  of  the  normal  heat  transfer 
losses.  Where  the  unit  ventilator  selected  has  a  capacity  more  than  suffi- 
cient to  warm  the  air  needed  to  meet  the  ventilating  requirements,  a  corre- 
sponding reduction  may  be  made  in  the  amount  of  direct  radiation  installed. 
The  greater  the  amount  of  excess  capacity  of  the  unit,  the  more  efficient 
will  be  the  temperature  regulation  of  the  room.  The  split  system  permits 
the  heating  of  the  room  during  failure  of  electric  current,  since  the  direct 
radiators  will  furnish  heat,  but  it  permits  a  careless  operator  to  avoid  oper- 
ating the  ventilating  equipment. 

The  combined  system  employs  a  unit  ventilator  with  sufficient  capacity 
for  both  ventilation  and  the  normal  heat  transfer  losses.  In  such  a  case 
no  direct  radiation  is  required.  The  necessary  operation  of  the  fan  when 
the  room  is  being  heated  also  gives  assurance  that  some  ventilation  is  being 
provided,  especially  if  automatic  dampers  are  used  in  the  air  intake  and  in 
the  recirculating  intake.  These  dampers  are  arranged  to  provide  a  certain 
quantity  of  outside  air,  depending  upon  the  weather  conditions.  The  cost 
of  installation  of  a  combined  system  is  usually  less  than  that  of  a  split  sys- 
tem, and  there  is  less  danger  of  overheating,  but  if  the  electric  energy  fails, 
the  only  heat  available  is  that  of  the  units  acting  as  gravity  convectors, 

Location  of  Unit  Ventilator 

The  location  of  the  unit  ventilator  in  a  room  is  important.  Wherever 
possible  it  should  be  placed  against  an  outside  wall  and  on  the  center  line 
of  the  room.  It  is  difficult  to  obtain  proper  air  distribution  if  the  unit  is 
installed  either  on  an  inside  wall  or  in  a  corner  of  the  room.  Standard  units 
discharge  the  air  stream  upward,  but  for  special  cases  units  may  be  installed 
to  discharge  air  horizontally.  Units  may  be  set  away  from  the  wall  or 
partially  recessed  into  the  wall  to  save  space  without  materially  affecting 
the  results.  The  air  inlet  may  enter  the  cabinet  at  the  back  at  any  point 
from  top  to  bottom. 

Air  Exhaust  Vents  and  Flues 

The  size  and  location  of  the  air  exhaust  vent6  outlet  are  important  and 
in  many  cases,  are  regulated  by  law  for  public  buildings.  Where  no  codes 
govern,  the  location  and  size  of  vents  are  left  to  the  discretion  of  the 
engineer. 

Best  results  have  been  obtained  with  a  velocity  through  the  vent  open- 
ings nearly  equal  to  that  at  which  the  air  is  introduced  into  the  room,  thus 
maintaining  a  slight  pressure  in  the  room.  Calculated  velocities  at  the 
vent  openings  of  from  600  to  800  fpm  produce  the  best  diffusion  results 
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from  this  system.  Many  states,  however,  have  regulations  that  will  not 
permit  velocities  as  high  as  800  fpm.  If  a  vent  opening  at  or  near  the 
floor  is  near  a  desk  or  place  where  a  person  is  seated,  a  velocity  of  800  fpm 
in  the  vent  opening  will  produce  an  objectionable  draft.  In  such  a  case 
the  velocity  in  the  vent  opening  should  not  exceed  400  to  450  fpm,  although 
duct  velocities  are  maintained  at  600  to  800  fpm  if  codes  permit. 

In  school  buildings  provided  with  wardrobes  or  cloakrooms,  the  vents 
may  be  so  located  that  the  air  shall  pass  through  these  spaces,  ventilating 
them  with  air  which  otherwise  would  be  passed  to  the  outside  without  being 
used  to  the  best  advantage.  Many  state  codes  for  ventilation  of  public 
buildings  make  this  arrangement  mandatory. 


FIG.  10.  TYPICAL  WINDOW  VENTILATOR 


WINDOW  VENTILATORS 

A  window  ventilator  illustrated  in  Fig.  10  consists  of  filter  and  switch 
controlled  motor  driven  fans  enclosed  in  a  cabinet  to  be  mounted  on  the 
window  sill.  Such  units  accomplish  ventilation,  air  cleaning,  and  air  cir- 
culation, but  have  no  means  of  heating  the  air.  The  direction  of  air  dis- 
charge is  manually  adjustable  for  seasonal  operation. 
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THIS  chapter  presents  the  physical  characteristics  of  air  cooling  units 
and  air  conditioning  units;  a  suggested  procedure  for  selection  of  units; 
and  some  of  the  factors  involved  in  the  application  of  unitary  equipment. 
In  general,  factory  produced  unit  equipment  can  be  obtained  to  accomplish 
all  of  the  functions  possible  from  field  assemblies,  but  the  advantages  of  unit 
equipment  are  most  apparent  in  small  and  moderate  capacities.  Above 
12,000  cfm  capacity,  or  approximately  40  tons  of  refrigeration  capacity, 
handling  and  assembly  costs  generally  favor  the  use  of  field  assembled 
units.  Multiple  application  of  unitary  equipment  is  frequently  justified 
for  large  gross  tonnage  installations  where  zoning  or  a  minimum  amount 
of  air  distributing  ducts  is  desirable. 

DEFINITIONS 

The  term  air  conditioning  unit  has  been  loosely  used  as  a  name  for 
all  types  of  factory  produced  air  handling,  cooling,  or  heating  units.  The 
code,  Standard  Method  of  Rating  and  Testing  Air  Conditioning  Equip- 
ment,1 defines  the  various  types  of  unitary  equipment : 

1.  A  Cooling  Unit  is  a  specific  air  treating  combination  consisting  of  means  for  air 
circulation  and  cooling  within  prescribed  temperature  limits. 

2.  An  Air  Conditioning  Unit  is  a  specific  air  treating  combination  consisting  of 
means  for  ventilation,  air  circulation,  air  cleaning,  and  heat  transfer,  with  control 
means  for  maintaining  temperature  and  humidity  within  prescribed  limits. 

3.  A  Cooling  Air  Conditioning  Unit  is  a  specific  air  treating  combination  consist- 
ing of  means  for  ventilation,  air  circulation,  air  cleaning,  and  heat  transfer,  with 
control  means  for  cooling  and  maintaining  temperature  and  humidity  within  pre- 
scribed limits. 

4.  A  Self -Contained  Air  Conditioning  or  Cooling  Unit  is  one  in  which  a  condensing 
unit  is  combined  in  the  same  cabinet  with  the  other  functional  elements.  Self- 
contained  air  conditioning  units  are  classified2  according  to  the  method  of  rejecting 
condenser  heat  (water  cooled,  air-cooled,  and^  evaporatively  ^ cooled),  method  of 
introducing  ventilation  air  (no  ventilation,  ventilation  by  drawing  air  from  outside, 
ventilation  by  exhausting  room  air  to  the  outside,  or  ventilation  by  a  combination 
of  the  last  two  methods),  and  method  of  discharging  air  to  the  room  (free  delivery 
or  pressure  type). 

5.  A  Free  Delivery  Type  Unit  takes  in  air  and  discharges  it  directly  to  the  space  to 
be  treated  without  external  elements  which  impose  air  resistance. 

6.  A  Pressure  Type  Unit  is  for  use  with  one  or  more  external  elements  which  impose 
air  resistance. 

7.  A  Forced-Circulation  Air  Cooler  is  a  factory  encased  assembly  of  elements  by 
which  heat  is  transferred  from  air  to  refrigerants.3 

CLASSIFICATION  OF  UNIT  TYPE  EQUIPMENT 

Field  assembled  apparatus  as  described  in  Chapter  29  can  be  designed 
in  shape,  size,  and  capacity  for  any  application,  with  the  refrigeration  and 
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heating  system  exactly  balanced  to  load  conditions.  To  obtain  the 
economies  of  mass  production,  factory  built  units  must  be  standardized 
in  a  few  models  per  manufacturer.  Each  model  covers  a  range  of  capac- 
ities within  the  capacity  of  its  fan  to  deliver  air  against  the  resistance 
of  the  unit  and  against  the  system  resistance.  For  this  reason,  the  unit 
performance  will  usually  represent  a  compromise  between  actual  load 
requirements  and  the  rated  capacity.  Within  the  range  of  accuracy  of 
most  load  calculations,  this  compromise  is  not  objectionable. 

If  the  condensing  unit  and  cooling  and  heating  coil  surfaces  are  care- 
fully selected,  and  if  proper  consideration  is  given  to  reduction  of  piping 
losses,  the  performance  of  the  combined  system  will  compare  favorably 
with  field  assembled  apparatus.  A  system,  in  which  the  air  handling  unit 
is  separated  from  the  condensing  unit,  is  called  a  remote  system,  and  the 
conditioning  unit  is  designated  as  a  remote  unit.  The  economical  capac- 
ities of  remote  units  usually  range  from  10  to  40  tons. 

For  applications  where  load  calculations  are  subject  to  considerable 
variance,  and  where  close  control  is  not  considered  essential,  further  econo- 
mies of  factory  assembly  can  be  obtained  by  combining  the  air  handling 
and  condensing  equipment  in  one  unit.  This  effects  another  compromise 
between  load  calculations  and  equipment  selection,  since  the  capacity 
of  the  combined  unit  is  then  dependent  on  the  predetermined  balance 
between  a  particular  coil  and  condensing  unit.  These  combination  units 
are  called  self-contained  units  and,  under  the  aptly  descriptive  name  store 
conditioners,  find  economical  application  in  3,  5,  7f,  10,  and  15  ton 
refrigeration  capacities.  These  capacities,  or  limited  multiples  thereof, 
meet  the  load  requirements  of  the  majority  of  small  and  medium  sized 
commercial  establishments.  With  some  modifications,  these  units  can 
also  be  adapted  to  light  industrial  work. 

To  meet  the  requirements  of  individual  comfort  in  small  rooms  and 
offices,  where  load  calculations  are  subject  to  the  indefinite  design  con- 
dition of  feeling  cool,  self-contained  units,  called  room  coolers,  find  exten- 
sive and  economical  application.  These  units  are  usually  restricted  to 
summer  and  intermediate  season  operation,  and  range  from  |  to  If  tons 
of  refrigeration  capacity. 

A  special  application  of  remote  units  is  found  in  the  unit  air  cooler 
which  is  used  extensively  in  refrigeration  work.  Its  primary  function  is  to 
reduce  temperatures  in  insulated  and  sealed  storage  spaces,  and  humidity 
control  is  a  secondary  consideration.  Because  of  the  small  temperature 
differences  between  the  coil  and  room  temperatures,  unit  coolers  handle 
three  to  five  times  as  much  air  per  ton  as  remote  units  used  in  air  con- 
ditioning. 

The  attic  fan  or  exhaust  fan  is  sometimes  referred  to  as  a  cooling  unit, 
but  since  it  contains  no  element  of  heat  transfer,  it  is  treated  in  Chapter  32, 
Fans. 

COMPONENT  PARTS  OF  UNIT  TYPE  EQUIPMENT 

Units  can  be  obtained  for  producing  any  of  the  required  effects  on  air. 
As  they  function  most  satisfactorily  when  doing  the  work  for  which  they 
were  designed,  field  modifications  are  usually  inadvisable  because  of 
expense  involved,  as  well  as  the  possibility  of  causing  unexpected  diffi- 
culties in  operation.  The  basic  design  considerations  of  unitary  equip- 
ment are  discussed  in  the  next  following  paragraphs. 
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Remote  Units.  Remote  units  can  be  obtained  in  two  general  classes, 
horizontal  as  shown  in  Fig.  1  and  vertical  as  in  Fig.  2.  Their  construction 
is  essentially  the  same,  except  for  the  drain  pan  and  filter  locations. 

Casings.  Casings  are  generally  constructed  of  sheet  metal  with  angle 
iron  frames  and  with  removable  panels  for  access  to  coil  connections, 
blower  bearings,  filters,  and  drain.  Casings  should  be  air  tight.  Panels 
should  be  tight  fitting  with  cam  or  similar  fastenings  for  easy  opening. 
Panel  openings  at  coils  for  heavy  units  should  be  large  enough  to  receive 
coils  after  the  casing  is  suspended.  Frames  should  be  fitted  with  lugs 
strong  enough  to  suspend  horizontal  units.  Non-metallic  casings  are  of 
advantage  in  small  remote  units  for  reducing  sound,  particularly  when 
propeller  type  fans  are  used. 

Insulation.  Hemote  units  are  available  with  waterproof  and  vermin- 
proof,  sound  and  heat  absorbing  insulation  on  the  inside  of  the  casing* 
They  are  also  available  with  flanges  and  flanged  access  doors  to  permit 
insulation  after  installation. 

Drain  Pans.  Because  of  the  corrosive  effect  of  mild  picric,  carbonic, 
and  sulfur ous  acids  absorbed  by  condensate,  drain  pans  are  usually  made 
of  14  gage  or  heavier  metal.  They  should  be  hot  dipped  galvanized 
after  fabrication,  or  otherwise  treated  to  resist  corrosion.  Some  manu- 
facturers extend  the  drain  pan  under  the  entire  unit,  but  in  any  case  it 
should  extend  far  enough  to  catch  any  condensate  carried  over  from  the 
coils.  The  drain  connection  should  be  readily  accessible  for  cleaning  and, 
in  air  conditioning  work,  should  be  generously  sized  and  trapped.  Some 
municipal  codes  require  a  minimum  size  of  If  I.P.S. 

Blowers.  The  usual  practice  among  manufacturers  is  to  use  light  con- 
struction in  the  blowers  in  remote  units,  although  a  few  are  available  with 
heavy  duty  blowers  in  the  larger  sizes.  These  blowers  work  under  almost 
constant  conditions  without  overload  or  shock,  and  will  usually  last  as  long 
as  the  unit  with  reasonable  maintenance.  As  lubrication  of  bearings  is 
very  important,  it  is  good  practice  to  locate  the  oil  cups  conveniently  out- 
side of  the  unit.  In  any  application  where  considerable  dehumidification 
or  humidification  is  involved,  such  as  in  a  system  where  the  unit  is 
handling  100  per  cent  outside  air,  it  is  important  that  the  blowers  be 
painted  with  asphaltum  or  other  corrosion  resistant  paint  to  prevent 
excessive  oxidation  and  corrosion  of  the  blowers. 

Some  of  the  smaller  suspended  type  units,  Fig.  3,  use  propeller  fans 
with  a  trailing  edge  blade  in  order  to  obtain  required  pressure  character- 
istics with  quiet  operation.  Since  most  of  the  motors  driving  these  fans 
are  direct-connected  and  use  brushes  for  starting,  adequate  access  should 
be  provided  for  maintenance  and  inspection. 

Cooling  Coils.  The  cooling  and  dehumidifying  coils  used  in  unit  air 
conditioners  are  essentially  the  same  as  those  used  in  central  station  units. 
The  face  area  of  the  coil  is  usually  fixed,  and  the  number  of  rows  deep  in 
the  direction  of  air  flow  is  the  variable  that  determines  capacity.  It 
should  be  remembered,  as  noted  in  Chapter  36,  that  adequate  coil  surface 
is  important  for  efficient  performance  of  any  system,  and  that  there  is  little 
economy  in  reducing  coil  depth  to  less  than  four  rows. 

Where  multiple  circuits  are  used  in  the  larger  coils,  equal  distribution 
of  the  cooling  medium  to  the  various  circuits  is  vital  in  order  to  develop 
full  capacity  of  the  coil.  The  cooling  coils  also  perform  the  function  of 
dehumidification.  To  prevent  carryover  of  condensate,  eliminator  plates 
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FIG.  1.  HORIZONTAL  REMOTE  TYPE  UNIT  AIB 
CONDITIONER 


FIG.  2.  VERTICAL  REMOTE  TYPE 
UNIT  AIR  CONDITIONER 


DRAIN 


FIG.  3.  SUSPENDED  PROPELLER  FAN  TYPE  UNIT 
AIR  CONDITIONER 


HEATING    COIL 


COOLING    COIL 


FIG.  4.  SPRAY  TYPE  REMOTE 
UNIT  AIR  CONDITIONER 


FIG.  5.  REMOTE  FLOOR  TYPE  ROOM 
UNIT  AIR  CONDITIONER 
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should  be  used  if  face  velocities  exceed  500  to  530  fpm,  unless  adequate 
means  of  catching  the  droplets  are  provided. 

When  air  is  drawn  upward  through  dehumidifying  coils,  as  in  some 
vertical  units,  water  is  entrained  within  the  fins  and  held  in  suspension. 
This  increases  the  resistance  pressure  against  which  the  blower  operates, 
and  results  in  wide  variation  in  air  volumes  handled  between  dry  and  wet 
coil  conditions.  Some  unit  manufacturers  have  so  designed  vertical 
units  that  the  air  passes  through  the  coils  horizontally  in  order  to  over- 
come this  difficulty. 

Heating  Coils.  Heating  coils  of  unit  air  conditioners  are  usually  con- 
ventional blast  coils,  and  can  be  obtained  with  or  without  non-freeze  steam 
distribution  features.  They  usually  match  the  cooling  coils  in  face  area, 
and  are  one  or  two  rows  deep  depending  on  the  heating  requirements. 
Where  coils  are  selected  for  hot  water  and  have  more  than  two  rows  of 
tubes,  the  air  resistance  and  the  space  requirements  of  the  total  number  of 
rows  of  cooling  and  heating  coils  should  be  carefully  checked. 

Humidification.  Spray  type  humidifiers  are  usually  used  in  remote 
systems,  but  in  some  cases  pan  type  humidifiers  or  steam  humidifiers 
are  also  used.  Some  condensation  on  the  inside  of  the  unit  casing  may 
occur  with  possible  water  damage  if  the  unit  is  located  in  a  cold  space 
without  adequate  insulation.  Spray  type  humidifiers  should  be  located 
so  that  no  carryover  of  moisture  occurs. 

Filters.  It  is  almost  axiomatic  that  all  units  should  have  filters.  Some 
small  suspended  units  of  1  ton  capacity  or  less,  with  low  coil  face  velocities 
and  propeller  fans,  are  equipped  only  with  lint  screens  or  operate  without 
filters,  but  in  them  the  coils  must  be  periodically  cleaned  and  there  is  con- 
stant danger  of  clogging  of  the  drain,  with  the  possibility  of  water  damage. 
Filters  used  are  usually  of  the  throw-away  type,  although  cleanable 
filters  are  available  for  most  of  the  larger  units.  Care  should  be  taken  to 
insure  adequate  filter  surface,  since  the  cross-sectional  area  of  the  unit  is 
seldom  adequate  for  filter  area.  V-shaped  or  staggered  filter  arrange- 
ments are  quite  commonly  used  to  increase  filter  area. 

Motors.  In  some  units  where  the  motor  is  mounted  inside,  adequate 
access  for  maintenance  and  clearance  for  tightening  belts  are  imperative. 
When  motors  are  mounted  in  this  manner,  the  heat  equivalent  of  the  motor 
input  must  be  added  to  the  heat  load  to  be  absorbed  by  the  system,  and 
this  requires  a  lower  exit  air  temperature  at  the  coils.  Usually,  however, 
the  motor  is  located  outside  of  the  casing  where  it  is  readily  accessible 
for  service.  In  this  case,  only'the  brake  horsepower  required  by  the  fan  is 
transformed  into  heat  to  be  included  in  the  load  calculations. 

In  either  application,  motors  should  be  selected  with  adequate  horse- 
power to  handle  the  design  volume  of  air  against  the  resistance  of  the 
system  when  the  coils  are  wet,  and  then  checked  against  the  possible 
horsepower  requirements  for  the  increased  volume  of  air  obtained  when  the 
coils  are  dry. 

SOUND  ISOLATION 

Both  suspended  and  vertical  floor  mounted  units  can  transmit  vibra- 
tion through  the  supports.  Wherever  such  transmission  of  sound  might 
be  objectionable,  the  supports  should  be  isolated  through  rubber-in-shear 
or  other  sound  deadeners  (for  design  of  suitable  sound  deadeners  see  sec- 
tion Controlling  Vibration  from  Machine  Mountings  in  Chapter  40). 
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MODIFICATIONS  OF  REMOTE  UNITS 

Features  of  various  modifications  of  remote  air  conditioners  are  given 
in  the  following  paragraphs. 

Spray  Type  Unit 

Fig.  4  shows  a  spray  type  unit  used  by  designers  who  prefer  air  washing 
and  coil  wetting  features.  These  units  are  equipped  with  a  pump  that 
sprays  water  or  brine  over  the  coils.  Due  to  the  direct  mixing  of  the 
condensate  and  the  spray,  provision  must  be  made  for  overflow  in  summer 
and  replacement  of  water  evaporated  in  winter. 

Dehumidtfying  Units 

In  a  further  modification  of  spray  type  units,  absorbent  brine  solutions 
such  as  lithium  chloride  are  used  to  remove  moisture  from  the  air.  As 
explained  in  Chapter  37,  the  latent  heat  of  the  moisture  removed  is 
changed  to  sensible  heat,  so  that  coils  must  be  used  as  after-coolers  to 
obtain  the  right  dry-bulb  temperatures.  Factory  produced  units  are  also 
available  for  use  with  solid  adsorbents  such  as  silica  gel. 

Remote  Room  Units 

For  individual  rooms,  with  cooling  load  requirements  of  |  to  1^  tons, 
remote  units  are  available  in  attractive  casings  for  installation  within  the 
room.  A  suspended  type  is  shown  in  Fig.  3  and  a  floor  type,  such  as  is 
usually  installed  in  place  of  an  existing  radiator,  is  shown  in  Fig.  5, 
Furnished  with  chilled  water  from  a  central  plant,  these  units  offer  a 
satisfactory  method  of  conditioning  existing  offices,  hotel,  and  apartment 
rooms.  These  units  may  be  obtained  with  filters  and  outside  air  con- 
nections, but  for  most  satisfactory  application  are  used  as  supplements  to 
central  systems  that  supply  properly  conditioned  and  filtered  air  to  the 
areas  served. 

Induction  type  units,  using  primary  conditioned  air  under  pressure  to 
induce  local  circulation,  are  described  in  Chapter  29. 

Self -Contained  Units 

A  typical  large  self-contained  unit  is  shown  in  Fig.  6.  It  is  essentially 
a  remote  vertical  type  conditioner  mounted  on  top  of  a  sound  insulated 
enclosure  containing  the  condensing  unit.  Air  distribution  is  obtained  by 
means  of  grilles  mounted  in  the  discharge  plenum,  when  the  unit  is  located 
in  the  conditioned  area.  Duct  distribution  of  conditioned  air  can  be 
obtained  by  removing  the  plenum,  connecting  directly  to  the  blower  dis- 
charge, and  safing  the  top  of  the  unit. 

The  heat  generated  by  the  compression  of  refrigerant  gases  and  that 
given  off  by  the  electric  motor  are  removed  from  the  compressor  compart- 
ment in  four  ways :  by  the  use  of  a  water  coil  in  the  compressor  compart- 
ment ;  by  utilizing  the  cold  suction  gases ;  by  drawing  part  of  the  return  air 
through  the  compressor  compartment,  and  finally  by  circulating  room  air 
through  the  compressor  compartment  by  means  of  a  fan  attached  to  the 
motor  shaft. 

The  7J,  10,  and  15  ton  self-contained  units  usually  have  horizontal 
type  conditioners.  The  condensing  unit  enclosures  are  not  completely 
sound  insulated,  since  they  are  not  usually  installed  in  the  conditioned 
area.  Most  units  can  be  divided  into  two  or  three  sections  for  ease  of 
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handling  and  installation.  Although  most  large  self-contained  units  have 
water-cooled  condensers,  the  7|,  10,  and  15  ton  units  can  be  obtained  for 
operation  with  evaporative  condensers. 

Self-Contained  Room  Cooling  Units 

Small  self-contained  units  can  be  obtained  with  water-cooled  conden- 
sers, but  they  are  generally  air  cooled. 

The  air-cooled  types  are  small  in  capacity,  ranging  from  J  to  If  hp. 
Their  principal  application  is  for  conditioning  such  spaces  as  hotel  rooms, 
offices  and  residential  living  quarters.  A  duct  connection  between  the 
unit  and  an  outside  window  or  ventilated  air  shaft  is  required  to  permit 
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disposal  of  the  heat  extracted  from  the  conditioned  area.  The  unit  may 
stand  in  front  of  the  window  or  be  mounted  on  the  window  sill.  Various 
styles  and  types  of  windows  encountered  tend  to  increase  the  difficulty 
of  making  the  window  connections.  The  evaporation  of  condensate  on 
the  condenser  coils,  as  a  means  of  disposing  of  moisture,  will  tend  to 
increase  the  condensing  capacity  and  reduce  the  operating  head  pressure. 
Some  units  add  supplementary  water  so  that  increased  capacity  may  be 
obtained  from  constantly  wetted  condenser  coil  surface.  Connections  to 
an  electrical  outlet  may  be  made  through  a  conventional  cord  and  plug  or  a 
permanent  electrical  connection,  depending  on  local  code  rulings  per- 
taining to  the  installation  of  small  motors.  The  exterior  finish  of  the  unit 
in  metal,  wood  or  fabric  is  decorated  to  harmonize  with  office  or  bedroom 
furnishings. 

A  unit  of  the  air-cooled  condenser  type  for  floor  mounting  is  shown  in 
Fig.  7.  Of  the  two  fans  shown,  the  lower  one  acts  as  condenser  air  fan, 
and  in  some  units  this  fan  is  arranged  with  slingers  for  discharging  con- 
densate on  the  condenser  coil,  while  the  upper  fan  discharges  air  into  the 
conditioned  area.  A  feature  of  the  design  shown  in  Fig.  7  is  that  the 
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condensate  from  the  cooling  coil  Is  sprayed  over  the  condenser  surface 
and  vaporized,  thus  eliminating  the  need  for  drain  connections.  A  simple 
dampering  arrangement  is  generally  provided  for  exhausting  some  air 
from  the  room,  in  addition  to  introducing  outside  air  and  recirculating 
required  amounts  of  air.  It  is  possible  to  remove  the  equipment  for  winter 
storage  or  utilize  the  ventilating  features  for  winter  operation. 

Controls  for  Room  Cooling  Units 

Control  devices  provided  for  self-contained  cooling  units  generally  will 
include  all  necessary  means  for  automatic  operation.  Provision  is 
also  made  for  adding  auxiliary  external  controls,  when  desired.  Remote 
units  are  not  generally  equipped  with  controls.  Control  systems  for 
remote  units,  and  auxiliary  controls  for  self-contained  units,  are  covered 
in  the  general  treatment  of  Controls  in  Chapter  38. 


^CONDITIONING    FAN 


ROOM-AIR  FILTER 


IQNDENSER    SURFACE 


CONDENSER-AIR 


FIG.  7.  SELF-CONTAINED  AIR-COOLBD  UNIT 
AIR  CONDITIONED^ 


RATINGS  OF  UNIT  AIR  CONDITIONERS 

There  are  two  codes  governing  the  rating  and  testing  of  unit  air  con- 
ditioners. The  first  code,  Standard  Method  of  Rating  and  Testing  Air 
Conditioning  Equipment,1  covers  all  types  of  air  conditioning  units  except 
the  self-contained  type.  The  latter  is  covered  by  the  second  code,  The 
Standard  Method  of  Rating  and  Testing  Self-Contained  Air  Conditioning 
Units  for  Comfort  Cooling.2  The  two  codes  are  necessary  because  of  the 
basic  difference  caused  by  the  heat  given  up  by  the  self-contained  units. 
The  standard  rating  conditions  for  self-contained  unit  air  conditioners, 
as  given  in  the  code,  are  set  forth  in  Table  1. 

The  standard  rating  of  a  self-contained  unit  for  the  conditions  specified 
in  Table  1,  includes  all  items  which  apply  to  the  function  of  a  unit  as: 
(1)  name  of  unit,  (2)  functions  which  unit  performs,  (3)  data  on  cooling, 
(4)  data  on  heating,  (5)  data  on  air  flow,  and  (6)  data  on  humidification. 

The  standard  rating  conditions  for  unit  air  conditioners,  other  than  the 
self-contained  type,  are  identical  with  those  in  Table  1,  except  that  entering 
wet-bulb  temperature  for  cooling  is  expressed  as  50  per  cent  relative 
humidity  (66.7  F  wet-bulb)  instead  of  67  ,F  wet-bulb  temperature.  In 
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addition,  the  saturated  suction  refrigerant  temperature  for  comfort 
cooling  is  specified  at  40  F.  This  condition  is  omitted  from  Table  1  for 
self-contained  units  because  it  is  immaterial  in  the  rating  of  a  unit  that  in- 
cludes the  evaporator  and  condensing  unit. 

TABLE  1.    STANDARD  RATING  BASIS  FOE  SELF-CONTAINED  AIB  CONDITIONING  UNITS 


FUNCTIONS 

TYPES  OF  UNITS 

RATING  CONDITION 

Item 

Description 

Value 

AH 

All 

a 

Barometric  Pressure 

29.92  in.  Hg. 

Cooling 

Water-Cooled, 
Air-Cooled 
and  Evapora- 
tively-  Cooled 
Condensers 

b 

Unit  Ambient  and  Air   Entering 
Room  —  Air  Inlet 
(1)  Dry-Bulb 
(2)  Wet-Bulb 

80F 
67F 

c 

Ventilation  Air 

See  Note 

Water-Cooled 
Condensers 

d 

Water  Temperature  Entering  Unit 

75  F 

e 

Water  Temperature  Leaving  Unit 

95  F 

Air-Cooled 
and  Evapora- 
tively-  Cooled 
Condensers 

f 

Air  Entering  Outside  Air  Inlet 
(1)  Dry-Bulb 
(2)  Wet-Bulb 

95  F 
75  F 

Heating 

All    Types 
Provided 
with  Heating 
Function 

g 

Unit  Ambient  and  Total  Air  Enter- 
ing Unit 

70  F 

h 

Heating  Medium,  Pressure  or 
Temperature 
(1)  Dry  Saturated  Steam 

(2)  Water  In 
(3)  Water  Out 

16,7  Ib  per 
sq  in.  abs 
180  F 
160  F 

Humidifying 

All   Types 
Provided  with 
Humidifying 
Function 

i 

Unit  Ambient 

70  F 

i 

Total  Air  Entering  Unit 
(1)  Dry-Bulb 
(2)  Wet-Bulb 

70  F. 
53  F 

Air 
Circulation 

All 

k 

Filters 

New  and 
Clean 

Note:  Rating  shall  be  based  on  both  ventiktion  and  recirculated  room  air  entering  at  80  F  dry-bulb 
and  67  F  wet-bulb  temperature.  (The  Note  as  given  in  the  code  has  been  condensed  in  order  to  remove  ma- 
terial not  pertinent  to  this  chapter) . 


APPLICATION  OF  UNITARY  EQUIPMENT 

One  of  the  chief  advantages  resulting  from  use  of  factory  produced 
units  is  the  saving  in  installation  and  field  assembly  labor,  a  factor  that 
should  always  be  kept  in  mind  when  selecting  a  location  for  these  units. 
Because  of  their  compactness,  the  tendency  exists  to  put  them  in  closets, 
storage  rooms,  and  other  inaccessible  places,  where  installation  is  so 
difficult  that  much  of  this  cost  advantage  is  lost. 

Access  panels  are  provided  on  units  for  the  proper  servicing  and  main- 
tenance of  the  equipment*  Adequate  outside  clearance  at  these  panels  is 
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essential.  Wherever  there  is  danger  of  freezing  of  coils  or  clogging  with 
dirt,  sufficient  clearance  should  be  available  for  replacing  them  without 
removing  parts  of  the  building. 

The  outstanding  source  of  difficulties  in  unitary  systems  is  usually  dirty 
filters.  The  characteristics  of  the  light  weight  fans  used  are  such  that  air 
volume  drops  off  rapidly  with  increase  in  static  resistance.  Since  changing 
of  filters  is  an  unpleasant  duty  likely  to  be  neglected  unless  it  can  be  done 
easily,  the  operator  should  be  at  the  same  level  as  the  filters,  rather  than 
under  them,  when  they  are  being  removed. 

Fan  speeds  should  be  selected  accurately  for  the  system  resistance. 
Variable  pitch  motor  pulleys  are  often  provided  in  a  unit  for  minor  field 
adjustment  of  air  volume.  Any  such  field  adjustment  should  be  made  when 
filters  are  dirty,  to  simulate  average  operating  conditions. 

Because  varying  sizes  of  coils  are  used  within  the  same  casing,  it  Is 
very  important  that  coil  safing  be  carefully  installed  to  prevent  by-passing 
of  unconditioned  air.  If  coils  are  not  equipped  with  individual  casings, 
additional  safing  may  be  required  on  top  to  prevent  short  circuiting  air 
down  through  the  upper  edges  of  the  fins.  In  this  same  category  is 
the  need  for  careful  installation  of  the  various  sections  of  sectionalized 
units,  using  a  sealing  compound  if  necessary  to  prevent  air  leakage  into 
the  fan  section  of  the  unit. 

Since  the  drain  connection  is  usually  made  on  the  exit  side  of  the  coil, 
it  is  important  that  the  drain  line  be  properly  sealed.  This  seal  should 
be  at  least  twice  as  deep  as  the  suction  on  the  fan  in  inches  of  water, 
to  prevent  gurgling  sounds,  and  to  insure  a  positive  seal  against  infiltration 
of  odors  and  moisture  laden  air.  Drain  pans  should  not  be  used  to  sup- 
port the  coils,  unless  they  are  designed  to  hold  this  weight  without  sagging. 
As  the  movement  of  air  draws  the  condensate  or  excess  humidification 
water  toward  the  fan,  drain  connections  are  usually  placed  on  the  exit 
side  of  the  coil.  The  advantages  of  quick  drainage  are  lost  if  improperly 
supported  coils  distort  drain  pans  and  cause  water  to  accumulate  in  the 
center  or  back  of  the  pan. 

When  the  fans  of  vertical  units  are  stopped  condensate,  that  has  been 
held  up  in  the  coils  by  fan  suction,  drops  into  the  drain  pan  and  splashes 
against  the  casing.  If  water  damage  is  to  be  avoided,  flashings  should  be 
provided  to  prevent  this  water  from  running  out  of  the  unit  at  the  seams. 

When  locating  unitary  equipment,  floor  and  beam  loadings  should  be 
carefully  checked.  Suspended  horizontal  units  can  add  50  to  100  Ib  per 
square  foot  to  the  loading  on  the  floor  above.  Should  this  floor  be  already 
heavily  loaded,  or  be  a  roof  structure  designed  for  a  40  Ib  per  square  foot 
snow  load,  excess  beam  deflection  may  occur  and  cause  cracking  of  plaster 
or  concrete  fire-proofing.  A  small  fire,  normally  of  little  consequence, 
may  cause  a  rupture  of  a  heavily  loaded  structure  and  permit  the  equip- 
ment to  drop  with  extensive  property  damage.  Self-contained  units 
should  be  carefully  installed  since  their  weights  run  as  high  as  200  Ib 
per  square  foot.  When  they  are  installed  in  street  floor  shops,  the  extra 
precaution  of  placing  a  column  beneath  them  in  the  basement  is  an  inex- 
pensive method  of  reducing  vibration,  as  well  as  providing  insurance 
against  overloaded  floor  beams. 

The  services  required  for  operation  of  unitary  equipment  should 
conform  to  the  many  restrictive,  but  necessary,  local  municipal  codes. 
Existing  buildings  seldom  are  wired  adequately  for  the  electrical  load 
imposed  by  the  starting  of  an  air  conditioning  compressor  on  any  branch 
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circuit.  Even  the  smallest  room  cooler  can  draw  enough  current  to 
reduce  the  voltage  of  a  lighting  circuit  to  the  point  where  it  is  visibly 
apparent.  This  voltage  drop  may  even  affect  the  life  of  the  unit  due  to 
the  relatively  slow  starting.  The  cost  of  a  separate  electrical  circuit  of 
adequate  capacity  from  the  main  panel  is  more  than  justified;  it  is  a  neces- 
sary expense  in  the  majority  of  installations. 

A  water  supply  of  adequate  capacity  and  pressure  is  necessary  to 
prevent  overloading  of  electrical  equipment  by  high  head  pressures.  The 
average  city  water  supply  pressure  is  adequate  for  installations  up  to  the 
third  floor.  Since  most  water  cooled  units  require  about  20  Ib  pressure, 
including  control  valve  losses,  it  is  important  that  any  units  served  by 
gravity  from  roof  tanks  be  checked  carefully  if  located  less  than  40  ft 
below  the  tank. 

Drain  connections  from  condensers  should  flow  to  an  open  and  properly 
trapped  sink  as  required  by  most  city  codes.  This  prevents  back  pres- 
sures on  the  city  water  system  in  the  event  of  condenser  failure.  A  check 
valve  should  also  be  installed  in  the  water  supply  as  a  further  precaution 
against  contamination. 

When  installing  small  remote  or  self-contained  units  with  outside  air 
connections  in  buildings  more  than  6  stories  high,  the  effect  of  wintertime 
stack  action  in  elevator  and  stairwells  requires  special  attention.  This 
stack  action  is  the  cause  of  negative  pressures  on  the  lower  floors,  tending 
to  draw  cold  air  through  the  units,  and  positive  pressures  on  the  upper 
floors  preventing  adequate  ventilation  and  disrupting  air  distribution.  It 
can  also  cause  annoying  whistling  at  door  openings  and  lead  to  serious 
complaints  in  hotels  and  offices.  Wherever  the  removal  of  such  units  is 
impracticable,  it  is  important  that  carefully  fitted,  felt-edged  dampers  be 
installed  in  the  outside  air  intakes  with  adequate  locking  devices. 

One  further  consideration  when  installing  self-contained  units  in  con- 
ditioned areas  is  that  any  maintenance  or  repairs  to  be  required  in  future 
years  must  be  carried  on  in  occupied  space.  If  this  is  kept  in  mind  in 
locating  units,  much  inconvenience  can  be  avoided. 

UNIT  AIR  COOLERS 

This  type  of  unit  is  primarily  intended  to  perform  the  main  function  of 
cooling  air,  with  humidity  control  a  secondary  function  within  the  limita- 
tions of  the  design.  The  main  application  of  this  equipment  is  in  process 
and  product  refrigeration,  such  as  cold  storage  warehousing,  fruit  and 
vegetable  packing,  in  breweries,  and  in  wholesale  and  retail  food  markets. 

Application  of  the  unit  method  of  air  cooling  with  mechanical  circu- 
lation is  comparatively  recent,  being  an  improvement  over  the  pipe  or 
finned  coil,  which  depended  on  gravity  for  circulation.  Bunkers  were 
sometimes  constructed  around  the  coils  to  direct  the  air  flow,  and  some- 
times fans  were  used  for  forcing  air  over  the  coils.  The  unit  air  cooler 
is  usually  placed  within  the  refrigerated  area,  but  the  larger,  blower 
type  models  may  be  remotely  located. 

Design  and  Performance.  Greater  application  and  use  of  commercial 
refrigeration  have  resulted  from  the  development  of  the  unit  air  cooler. 
Flexibility  of  design  has  permitted  almost  any  condition  to  be  met.  Fin- 
ned type  coils  are  usually  employed,  with  continuous  fan  operation.  By 
varying  such  physical  features  as  tube  size,  fin  spacing,  refrigerant  circuit- 
ing, the  depth  of  coil  rows,  and  air  volume  over  the  coils,  the  designer  is 
able  to  produce  a  wide  range  of  performances,  and  to  offer  many  desirable 
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features  not  obtainable  with  the  coil  and  bunker  method.  Higher  suction 
temperature  operation,  more  uniform  temperatures,  higher  relative  humid- 
ities with  the  defrosting  cycle,  moderate  first  cost,  and  a  minimum  of 
installation  expense  are  likewise  factors  in  their  development. 

New  uses  have  appeared  for  unit  air  cooler  application  in  industrial  and 
commercial  processes  involving  both  the  raw  materials  and  finished 
product,  where  the  maintenance  of  low  temperatures  is  a  necessary  part 
of  these  processes.  Of  particular  interest  is  the  new  field  of  extreme  low 
temperature  application,  where  many  new  uses  for  refrigeration  are  being 
found. 

Types  of  Units.  The  two  standard  types  are  the  suspended  or  ceiling 
type,  and  the  vertical  or  floor  mounted  type.  There  are  variations  of 
these  such  as  the  panel  type,  which  is  wall  mounted  and  arranged  to  take 
in  air  from  the  lower  section,  and  discharge  it  from  the  upper  section. 

The  ceiling  type  has  the  appearance  of  a  unit  heater,  with  its  propeller 
type  fan  blowing  air  through  a  bank  of  coils.  Singly  or  in  combination, 
they  are  easily  installed  and  occupy  little  or  no  useful  space.  Alterations 
may  be  accomplished  with  little  cost  by  relocating  units  or  adding  addi- 
tional ones  for  increased  capacity. 

The  floor  mounted  types  employ  blower  type  fans,  as  their  air  deliveries 
are  higher  and  their  locations  may  be  remote  from  the  space  to  be  refrig- 
erated. Air  velocities  and  volumes  must  he  designed  for  the  individual 
application.  Due  to  the  small  temperature  difference  between  coil  and 
air,  the  air  volumes  handled  are  many  times  greater  than  in  comfort  air 
conditioning  work.  Where  a  defrosting  cycle  is  not  practicable,  this  type 
of  unit  may  employ  a  pump  to  spray  a  eutectic  solution  over  the  coils 
for  the  purpose  of  avoiding  frosting. 

Ratings.  In  order  to  rate  and  test  equipment  of  this  kind  which  nor- 
mally operates  below  the  frost  temperature,  a  proposed  code,  Standard 
Methods  of  Rating  and  Testing  Forced-Circulation  and 'Natural  Con- 
vection Air  Coolers  for  Refrigeration,3  has  been  issued.  In  this  standard, 
the  gross  cooling  effects  are  taken  since  the  motor  power  input  equivalent 
is  to  be  computed  as  part  of  the  load. 
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Machinery^  Association,  National  Electrical  Manufacturers*  Association,  and  Air 
Conditioning  Manufacturers'  Association  (A.S.R.E,  Circular  No.  13-42). 
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PIPE,  FITTINGS,  WELDING 

Pipe  Materials,  Types  of  Pipe,  Commercial  Pipe  Dimensions,  Expansion  and 

Flexibility  of  Pipe,  Pipe  Threads  and  Hangers,  Types  of  Fittings, 

Flange  Facings  and  Gaskets,  Welding  in  Erection  of  Piping, 

Valves 

¥  MPORTANT  considerations  in  the  selection  and  installation  of  pipe 
1  and  fittings  for  heating,  ventilating,  and  air  conditioning  are  dealt  with 
in  this  chapter, 

PIPE  MATERIALS 

Use  of  corrosion-resistant  materials  for  pipe,  including  special  alloy 
steels  and  irons,  wrought-iron,  copper,  and  brass,  has  increased  considerably 
during  the  past  few  years.  The  recent  development  of  copper,  brass, 
and  bronze  fittings  which  can  be  assembled  by  soldering  or  sweating,  per- 
mits the  use  of  thin-wall  pipe  and  thereby  has  reduced  the  initial  cost  of 
such  installations.  The  following  brief  discussion  indicates  the  variety  of 
pipe  materials  and  the  types  of  pipe  available. 

Wrought-Steel  Pipe.  Because  of  its  low  price,  the  great  bulk  of  wrought 
pipe  used  for  heating  and  ventilating  work  at  the  present  time  is  of  wrought 
steel.  The  material  used  for  steel  pipe  is  a  mild  steel  made  by  the  acid- 
bessemer,  the  open-hearth,  or  the  electric-furnace  process.  Ordinary 
wrought-steel  pipe  is  made  either  by  shaping  sheets  of  metal  into  cylindri- 
cal form  and  welding  the  edges  together,  or  by  forming  or  drawing  from  a 
solid  billet.  The  former  is  known  as  welded  pipe,  the  latter  as  seamless 
pipe. 

Many  types  of  welded  pipe  are  available,  although  the  smaller  sizes 
most  frequently  used  in  heating  and  ventilating  work  are  made  by  the 
lap-weld,  resistance-weld,  or  butt-weld  process.  While  the  lap-weld  and 
resistance-weld  processes  produce  a  better  weld  than  the  butt  type,  lap- 
weld  and  resistance-weld  pipe  are  seldom  manufactured  in  nominal  pipe 
sizes  less  than  2  in.  Seamless  pipe  can  be  obtained  in  the  small  sizes  at  a 
somewhat  higher  cost. 

Seamless  steel  pipe  is  frequently  used  for  high  pressure  work  or  where 
pipe  is  desired  for  close  coiling,  cold  bending,  or  other  forming  operations. 
Its  advantages  are  its  somewhat  greater  strength  which  permits  use  of  a 
thinner  wall  and,  in  the  small  sizes,  its  freedom  from  the  occasional  tendency 
of  welded  pipe  to  split  at  the  weld  when  bent. 

Wrought-iron  Pipe.  Wrought-iron  pipe  is  claimed  to  be  more  corrosion- 
resisting  than  ordinary  steel  pipe,  and  therefore  its  somewhat  higher  first 
cost  is  said  to  be  justified  on  the  basis  of  longer  life  expectancy.  Wrought- 
iron  pipe  may  be  identified  by  the  spiral  line  marked  into  each  length, 
either  knurled  into  the  metal  or  painted  on  it  in  red  or  other  bright  color. 
Otherwise,  there  is  little  difference  in  the  appearance  of  wrought  iron  and 
steel  pipe,  although  microscopic  examination  of  polished  and  etched  speci- 
mens will  readily  disclose  the  difference. 

Cast-Ferrous  Pipe.  There  are  now  available  several  types  of  cast-ferrous 
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metal  pipe  made  of  a  good  grade  of  cast-iron  with  or  without  additions  of 
nickel,  chromium,  or  other  alloy.  This  pipe  is  available  in  sizes  from  If 
in.  to  6  in.,  and  in  standard  lengths  of  5  or  6  ft,  with  external  and  internal 
diameters  closely  approximating  those  of  extra  strong  wrought  pipe.  Cast- 
ferrous  pipe  may  be  obtained  coupled,  beveled  for  welding,  or  with  ends 
plain  or  grooved  for  the  several  types  of  couplings.  It  is  easily  cut  and 
threaded  as  well  as  welded.  The  fact  that  it  is  readily  welded  enables  the 
manufacturers  to  supply  the  pipe  in  any  lengths  practicable  for  handling. 
Alloy  Metal  Pipe.  Steel  pipe  bearing  a  small  alloy  of  copper  or  other 
alloying  element,  and  iron  pipe  bearing  a  small  amount  of  copper  and  molyb- 

TABL®  1.    DIMENSIONS  OF  SCHEDULES  30  AND  40  AND  STANDARD  WEIGHT  PIPE* 


DlAMETBB 
Tw 

WEIGHI 
PER  FT, 

ClBCUM- 

FERBNCB, 

TBAKSVBHSB  ASBA, 

Q~   Tw 

LENGTH  OP 
PIPE,  FT 

IN. 

LB 

IN. 

DQ  IN. 

PER  SQ  FT 

LENGTH 

WEIGHT 

SlZS 

d 

CJ 

1 

§ 

OF^IPfi, 

Co:,*- 

OF 

WATER, 
LB 

*""* 

i-rt  go 

'""* 

*S 

*tH 

TAININQ 

i 

11 

s, 

1 

TO 

1C0FT 

PEHPz 

1 

1 

d 

it 

if 

1 

1 

1 

i 

1 

1 

1 

| 

.2 

e 

3 

A 

|o 

£ 

1 

a 

1 

I 

1 

1 

1 

Vt 

0.405 

0.269 

0,088 

0.244 

0.245 

27 

1.272 

0.845 

0.129 

0.057 

0.072 

9.431 

14.199 

2533.775 

0.025 

il 

0.540 

03fi4 

Q.088 

0.424 

0.425 

IS 

1.696 

1.144 

0.229 

0.104 

0.125 

7.073 

10.493 

1383.789 

0.045 

3/s 

0.675 

0.403 

0.091 

0.567 

0.568 

18 

2.121 

1.549 

0.35S 

0.191 

0.167 

5.658 

7.748 

754.3GO 

O.OS3 

« 

0.840 

0.622 

0.1  OS 

0.850 

0.852 

14 

2.639 

1.954 

0.554 

0.304 

0.250 

4.547 

6.141 

-173.906 

0.132 

u 

1.050 

0.824 

0.113 

1.130 

1.134 

14 

3.299 

2.589 

0.866 

0.533 

0.333 

3.637 

4.635 

270.034 

0.231 

I 

1.315 

1.049 

0.133 

1.678 

1.684 

UM 

4,131 

3.296 

1.3SS 

0,864 

0.4S4 

2.904 

3.641 

166.618 

0.375 

IX 

1.660 

1.880 

0.140 

2.272 

2.281 

HH 

5.215 

4.335 

2.164 

1.495 

0.669 

2.301 

2.768 

96.275 

0.65 

1.900 

1.610 

0.145 

2.717 

2.731 

UK 

5.969 

5.058 

2.S35 

2.036 

0.799 

2.010 

2.372 

70.733 

0.88 

2 

2.375 

2.067 

0.154 

3.652 

3.678 

HH 

7.461 

6.494 

4.430 

3.355 

1.075 

1.608 

1.847 

42.913 

1.45 

2.875 

2.469 

0.203 

5.793 

5.819 

8 

9.032 

7.757 

6.492 

4.788 

1.704 

1.328 

1.547 

30.077 

2.07 

3 

3.500 

3.068 

0.218 

7.57.5 

7.618 

8 

10.996 

9638 

9.621 

7.393 

2.228 

1081 

1.245 

19.479 

3.20 

4.000 

3.548 

0.228 

9.103 

9.202 

8 

12.566 

11146 

12.566 

9.886 

2.680 

0.3S4 

1.076 

14.585 

4.29 

4 

4.500 

4.026 

0.237 

10.790 

10.889 

8 

H.137 

12.648 

15.904 

12.730 

3.174 

0.848 

0.948 

11.312 

5.50 

5 

5.563 

5.047 

0.258 

14.617 

14.810 

8 

17.477 

15.856 

24306 

20.006 

4.300 

0.6S6 

0.756 

7.198 

8.67 

8 

6.625 

6.065 

0.280 

18.974 

19.185 

8 

20.813 

19.054 

34.472 

28.891 

5.581 

0.576 

0.629 

4.984 

12.51 

8c 

8.625 

8.071 

0.277 

24.696 

25.000 

8 

27096 

25.356 

58.426 

51.161 

7.265 

0.443 

0.473 

2815 

22.18 

8 

8.625 

7.9S1 

0.322 

28.554 

28.809 

8 

27.096 

25.073 

58.426 

50.027 

8.399 

0.44.3 

0.478 

2.878 

21.70 

IOC 

10.750 

10.136 

0.307 

34.240 

35.000 

8 

33.772 

31.843 

90.763 

80.691 

10.072 

0.355 

0.376 

1.785 

34.95 

10 

1C.750 

10.020 

0.365 

40.483 

41.132 

8 

33.772 

33.479 

90.763 

78.855 

11.908 

0.355 

0.381 

1.826 

34.20 

12C 

12.750 

12.090 

0.330 

43.773 

45.000 

8 

40.055 

37.982 

127.670 

114.800 

12  876 

0.299 

0.315 

1.254 

49.70 

12 

12.750 

12.000 

0.375 

49.562 

50.7-06 

8 

40.055 

37.699 

127.676 

113.0D7 

141579 

0.289 

0.31S 

1.273 

49.00 

*  Standard-weight  wrought-iron  pipe  has  approximately  the  same  wall  thicknesses  and  weights  as  con- 
tained herein  for  steel  pipe.  For  exact  dimensions,  see  American  Standard  for  Wrought-lron  and  Wrought- 
Steel  Pi&,  A.S.A.  B36.10. 

b  Thicknesses  shown  in  bold  face  type  are  identical  with  thicknesses  for  Schedule  40  pipe  of  A. 8. A.  B36.10. 

9  Same  as  Schedule  30,  A.S.A,  B36.10. 

denunij  have  been  claimed  to  possess  more  resistance  to  corrosion  than  plain 
steel  pipe  and  they  are  advertised  and  sold  under  various  trade  names. 

Copper  Pipe  and  Fittings.  Owing  to  inherent  resistance  to  corrosion, 
copper  and  brass  pipe  have  always  been  used  in  heating,  ventilating,  and 
water  supply  installations,  but  the  cost  with  standard  dimensions  for 
threaded  connections  has  been  high.  The  recent  introduction  of  fittings 
which  permit  erection  by  soldering  or  sweating,  allows  the  use  of  pipe  with 
thinner  walls  than  are  possible  with  threaded  connections,  thereby  reducing 
the  cost  of  installations. 

The  initial  cost  of  brass  and  copper  pipe  installations  generally  runs 
higher  than  the  corresponding  job  with  steel  pipe  and  screwed  connections 
in  spite  of  the  use  of  thin  wall  pipe,  but  the  corrosive  nature  of  the  fluid 
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conveyed  or  the  inaccessibility  of  some  of  the  piping  may  warrant  use  of 
a  more  expensive  material  than  plain  steel.  The  advantages  of  corrosion- 
resisting  pipe  and  fittings  should  be  weighed  against  the  correspondingly 
higher  initial  cost. 

COMMERCIAL  PIPE  DIMENSIONS 

The  two  weights  of  steel  and  wrought-iron  pipe  commonly  used  are  known 
as  standard  weight  and  extra  strong^  which  correspond  to  Schedules  40  and 
80,  respectively,  of  the  American  Standard  for  Wrought-Iron  and  Wrought- 
Steel  Pipe,  ASA  B36.1Q.  The  same  external  diameter  is  used  for  both 

TABLE  2.    STANDABD  WEIGHTS  AND  DIMENSIONS  OF 
WELDED  AND  SEAMLESS  STEEL  PIPE* 


SIZE 

OUTSIDE 
DIAME- 
TER, IN. 

No.  OP 

THREADS 
PEE  In. 

STANDAED-WEIGET  PIPE 

EXTHA-STEONG  PIPE 

DOUBLE  EXTRA* 
STRONG  Pirak 

Schedule  30 

Schedule  40 

Schedule  60 

Schedule  80 

Wall 
Thick- 
ness 
In. 

Weight 

*& 

Plain 
Eada 

Wall 
Thick- 
ness, 
In. 

Weight 
per  Ft, 
Lb 
T&C 

Wan 
Thick- 
ness, 
In. 

Weight 

^ 
T&C 

Wall 
Thick- 
ness, 
la. 

Weight 

-tt* 

Plain 
Ends 

Wall 
Thick- 
ness, 
In. 

Weight 

^ 

Plain 
Ends 

1 
i* 

IK 
IK 

r 

3H 

4 

5 
6 
8 
Ifle 
12d 

0.405 
0.540 
0.675 
0.840 

1.050 
1.315 
1.660 
1.900 
2.375 
2.875 
3.500 
4.000 
4.500 

5.563 
6.625 
8.625 
10.750 
12.750 

27 
18 
18 
14 

14 
HH 
11H 
11H 
HK 

8 
8 
8 

8 
8 
8 
8 
8 

0.068 
0.088 
0.091 
0.109 

0.113 
0.133 
0.140 
0.145 
0.154 
0.203 
0.216 
0.226 
0.237 

0.258 
0.280 
0:322 
0.365 
0.375 

0.25 
0.43 
0.57 
0.85 

1.13 
1.68 
2.28 
2.73 
3.68 
5.82 
7.62 
9.20 
10.89 

14.81 
19.19 
28.81 
41.13 
50.71 



........ 

0.095 
0.119 
0.126 
0.147 

0154 
0.179 
0.191 
0.200 
0.218 
0.276 
0.300 
0.318 
0.337 

0.375 
0.432 
0.500 

0.31 
0.54 
0.74 
1.09 

1.47 
2.17 
3.00 
3.63 
5.02 
7.66 
10.25 
12.51 
14.98 

20.78 
28.57 
43.39 

0.264 

0.308 
0.358 
0.3S2 
0.400 
0.436 
0.552 
0.600 
0.636 
0.674 

0.750 
0.864 
0.875 

Tfi 

2.44 
3.66 
5.21 
6.41 
9.03 
13.70 
18.58 
22.85 
27.54 

38.55 
53.16 
72.42 







II 

0".277 

0.307 
0.330 

25.00 
35.00 
45,00 





0.500 
0.500d 

54.74 
65.41 

From  Standard  Specifications  for  Welded  and  Seamless  Steel  Pipe  of  the  American  Society  for  Testing 
Materials,  A.8.TM.  Designation  A120. 

a  Sizes  larger  than  those  shown  in  the  table  are  measured  by  their  outside  diameter,  such  as  14  in.  outside 
diameter,  etc.  These  larger  sizes  will  be  furnished  with  plain  ends,  unless  otherwise  specified.  The  weights 
will  correspond  to  the  manufacturers'  published  standards  although  it  is  possible  to  calculate  the  theoretical 
weights  for  any  given  size  and  wall  thickness  on  the  basis  of  1  cu  in.  of  steel  weighing  0.2833  Ib. 

b  The  American  Standard  for  Wrought-Iron  and  Wrought-Steel  Pipe  A.8.A.  B36.10-1939  has  assigned  no 
schedule  number  to  Double  Extra-Strong  pipe. 

0  A 10  in.  Standard  Weight  pipe  is  also  available  with  0.279  in.  wall  thickness,  but  this  wall  is  not  covered 
by  a  Schedule  Number. 

**  Owing  to  a  departure  from  the  Standard-Weight  and  Extra-Strong  wall  thicknesses  for  the  12  in.  nominal 
size,  Schedules  40  and  60,  Table  2  of  the  A.S.A.  B36.10-1939,  Standard  for  Wrought-Iron  and  Wrought-Steel 
Pipe,  the  regular  Standard  and  Extra-Strong  wall  thicknesses  (0.375  in.  and  0.500  in.)  have  been  substituted. 

weights  of  each  nominal  size  for  manufacturing  reasons,  as  well  as  to  afford 
interchangeability  in  threading  and  other  elements  associated  with  fabri- 
cation and  erection.  Hence,  the  difference  in  wall  thickness  is  accom- 
panied by  a  corresponding  change  in  inside  diameter*  In  sizes  up  to  14 
in.,  pipe  is  designated  by  its  nominal  size  which  corresponds  roughly  to  the 
inside  diameter  of  Schedule  40  pipe.  In  sizes  14  in.  and  upward,  pipe  is 
designated  by  its  outside  diameter  (OJX),  and  the  wall  thickness  is  speci- 
fied. 

.While  the  demands  for  pipe  for  the  heating  and  ventilating  industry  are 
reasonably  well  served  by  Schedule  40  (standard  weight)  pipe,  the  erection 
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of  pipe  by  welding  sometimes  warrants  using  lighter  wall  thicknesses. 
The  considerations  governing  pipe  wall  thickness  and  its  relation  to  joint 
design  are  covered  in  the  American  Standard  Code  for  Pressure  Piping, 
ASA  B31. 1-1942,  see  Section  122.  Standard  schedules  of  pipe  thick- 
nesses are  contained  in  the  American  Standard  for  Wrought-Iron  and 
Wrought-Steel  Pipe,  ASA  B36.10,  which  includes  standard-weight  and 

TABLE  3.    STANDAED  DIMENSIONS  ANB  WEIGHTS,  AND  TOLERANCES  IN  DIAMETEK 
AND  WALL  THICKNESS  FOB  COPPER  WATER  TUBES* 

( All  tolerances  in  this  table  are  plus  and  minis*  except  as  otherwise  indicated} 


AVERAGE  OUT- 
SIDE DIAMETER 

WALL  THICKNESS  IN. 

THEORETICAL 
WEIGHT, 
LB  PER  FT 

STANDARD 
WATER 

ACTUAL 
OUTSIDB 

TOLERANCE,  IN. 

TTPEK 

TTPEL 

TTPE  M 

TTJBK 
SIZE,  IN. 

DIAMETER 
IN. 

13 

a 

a  g 

1 

1 

'    ^ 

I 

1 

§ 

M 

^ 

S 

1 
5 

cS 

| 

1 

1 

1 

1 
o 

1 

1 

| 

1 

H 

0.250 

0.002 

0.001 

0.032 

0.003 

0.025 

0.0025 

0.025 

0.0025 

0.085 

0.068 

0.068 

0.375 

0.002 

0.001 

0.032 

0.004 

0.030 

0.0035 

0.025 

0.0025 

0.134 

0.126 

0.107 

so 

0.500 

0.0025 

0.001 

0.049 

0.004 

0.035 

0.0035 

0.025 

0.0025 

0.269 

0.19S 

0.145 

H 

0.625 

0.0025 

0.001 

0.049 

0.004 

0.040 

0.0035 

0.028 

0.0025 

0.344 

0.2S5 

0.204 

y 

0.750    - 

0.0025 

0.001 

0.049 

0.004 

0.042 

0.0035 

0.030 

0.0025 

0.418 

0.362 

0.263 

H 

0.875 

0.003 

0.001 

0.065 

0.0045 

0.045 

0.004 

0.032 

0.003 

0.641 

0.455 

0.323 

I 

1.125 

0.0035 

0.0015 

0.065 

0.0045 

0.050 

0.004 

0.035 

0.0035 

0.839 

0.655 

0.465 

1M 

1.375 

0.004 

0.0015 

0.065 

0.0045 

0.055 

0.0045 

0.042 

0.0035 

1.04 

0.884 

0.682 

Wz 

1.625 

0.0045 

0.002 

0.072 

0.005 

0.060 

0.0045 

0.049 

0.004 

1.36 

1.14 

0.940 

2 

2.125 

0.005 

0.002  , 

0.083 

0.007 

0.070 

0.006 

0.058 

0.006 

2.06 

1.75 

1.46 

girf-j 

2.625 

0.005 

0.002 

0.095 

0.007 

0.080 

0.006 

0.065 

0.006 

2.93 

2.48 

2.03 

3 

3.125 

0.005 

0.002 

0.109 

0.007 

0.090 

0.007 

0.072 

0.006 

4.00 

3.33 

2.68 

3H 

3.C25 

0.005 

0.002 

0.120 

0.008 

0.100 

0.007 

0.083 

0.007 

5.12 

4.29 

3.58 

4 

4.125 

0.005 

0.002 

0.134 

0.010 

0.110 

0.009 

0.095 

0.009 

6.51 

5.38 

4.66 

/j 

5.125 

0.005 

0.002 

0.160 

0.010 

0.125 

0.010 

0.109 

0.009 

9.67 

7.61 

6.66 

6 

6.125 

0.005 

0.002 

0.192 

0.012 

0.140 

0.010 

0.122 

0.010 

13.9 

10.2 

8,92 

+0.002 

8 

8.125 

0.006 

-0.004 

0.271 

0.016 

0.200 

0.014 

0.170 

0.014 

25:9 

19,3 

16.5 

+0.002 

10 

10.125 

0.008 

-0.006 

0.338 

0.018 

0.250 

0.016 

0.212 

0.015 

40.3 

30.1 

25.6 

+0.002 

12 

12.125 

0.008 

-0.000 

0.405 

0.020 

0.280 

0.018 

0.254 

0.016 

57.8 

40.4 

36J 

*  From  Standard  Specifications  for  Copper  Water  Tube  of  the  American  Society  far  Testing  Materials 
A.S.T.M.  Designation  B88-41. 

NOTE  1:— For  copper  gas  and  oil  burner  tubes,  the  tolerances  shown  above  for  various  wall  thicknesses 
(type  K)  apply  irrespective  of  diameter. 

NOTE  2:— For  tubes  other  than  round  no  standard  tolerances  are  established.  These  tolerances  do  not 
apply  to  condenser  and  heat  exchanger  tubes. 


extra-strong  thicknesses  in  Schedules  40  and  80,  respectively,  and  eight 
other  schedules  of  varying  wall  thickness  to  provide  for  different  service 
conditions.  Dimensions  and  other  useful  data  for  Schedules  30  and  40 
pipe  are  given  in  Table  1.  Table  2  from  A.S.T.M.  Specifications  A53  and 
A120  combines  the  schedule  thicknesses  of  ASA  B36.10  and  the  old 
series  designations. 

Standard-weight  pipe  is  generally  furnished  with  threaded  ends  in  random 
lengths  of  16  to  22  ft,  although  when  ordered  with  plain  ends,  5  per  cent 
may  be  in  lengths  of  12  to  16  ft.  Five  per  cent  of  the  total  number  of 
lengths  ordered  may  be  jointers  which  are  two  pieces  coupled  together. 
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Extra-strong  pipe  is  generally  furnished  with  plain  ends  in  random  lengths 
of  12  to  22  ft,  although  5  per  cent  may  be  in  lengths  of  6  to  12  ft. 

In  addition  to  IPS  copper  pipe,  several  varieties  of  copper  tubing  are  in 
use  with  either  flared  or  compression  couplings  or  soldered  joints.  Dimen- 
sions of  copper  water  tubing  intended  for  plumbing,  underground  water 
service,  fuel-oil  lines,  gas  lines,  etc.,  have  been  standardized  by  the  U.  S. 
Government  and  the  American  Society  for  Testing  Materials.  There  are 

TABLE  4.    THERMAL  EXPANSION  OP  PIPE  IN  INCHES  PBB  100  FT* 

(For  superheated  steam  and  other  fluids  refer  to  temperature  column] 


SATURATED  STEAM 

ELONGATION  IN  INCHES  PER 
100  PT  FROM-  20  F  UP 

SATURATED 
STEAM 

ELONGATION  IN  INCHES  PER 
100  FT  FROM—  20  F  UP 

Vacuum 
Inches 
of  Eg. 

Pressure 
Psig 

Tem- 
perature 
Fahren- 
heit 
Degrees 

Cast- 
iron 
Pipe 

Steel 
Pipe 

Wrought- 
Iron 
Pipe 

Copper 
Pipe 

Pressure 
Psig 

Tem- 
perature 
Fahren- 
heit 
Degrees 

Cast- 
Iron 
Pipe 

Steel 
Pipe 

Wrought- 
Iron 
Pipe 

Copper 
Pipe 

29.39 
28.89 
27.99 
26.48 
24.04 
"20.27 
14.63 
6.45 

-20 

0 
20 
40 
60 
80 
100 
120 
140 
160 
180 
200 

0 

0.127 
0.255 
0.390 
0.518 
0.649 
0,787 
0.926 
1.051 
1,200 
1.345 
1.495 

0 

0.145 
0.293 
0.430 
0.593 
0.725 
0.898 
1.055 
1.209 
1,368 
1.528 
1.691 

0 

0.152 
0.306 
0.465 
0.620 
0.780 
0.939 
1.110 
1.265 
1.427 
1.597 
1.778 

0 

0.204 
0,442 
0.655 
0.888 
1.100 
1.338 
1.570 
1.794 
2.008 
2.255 
2.500 

2.5 
10.3 
20.7 
34.5 
52.3 
74.9 
103.3 
138.3 
180,9 
232.4 
293.7 
366.1 

220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
420 
440 

1.634 
1.780 
1.931 
2.085 
2.233 
2.395 
2.543 
2.700 
2.859 
3.008 
3.182 
3.345 

1.852 
2.020 
2,183 
2.350 
2.519 
2.690 
2.862 
3.029 
3,211 
3.375 
3.566 
3.740 

1.936 
2.110 
2.279 
2.465 
2.630 
2.800 
2.988 
3.175 
3.350 
3.521 
3.720 
3.900 

2.720 
2.960 
3.189 
.3.422 
3.665 
3.900 
4.145 
4.380 
4.628 
4.870 
5.118 
5.358 



*  From  Piping  Handbook,  by  Walker  and  Crocker.  This  table  gives  the  expansion  from— 20  F  to  the 
temperature  in  question.  To  obtain  the  amount  of  expansion  between  any  two  temperatures  take  the  dif- 
ference between  the  figures  in  the  table  for  those  temperatures.  For  example,  if  a  steel  pipe  is  installed  at  a 
temperature  of  60  F  and  is  to  operate  at  300  F,  the  expansion  would  be  2.519  —  0.593  *»  1.926  in. 

three  standard  waU-thickness  schedules  of  copper  water  tubing  classified 
in  accordance  with  their  principal  uses  as  follows  : 

Type  ^--Designed  for  underground  services  and  general  plumbing  service. 
Type  L— Designed  for  general  plumbing  purposes. 
Type  M — Designed  for  use  with  soldered  fittings  only. 

In  general,  Type  K  is  used  where  corrosion  conditions  are  severe,  and 
Types  L  and  M  where  such  conditions  may  be  considered  normal  as,  for 
instance,  in  heating  work.  Types  K  and  L  are  available  in  both  hard  and 
soft  tempers ;  Type  M  is  available  only  in  hard  temper.  Where  flexibility 
is  essential  as  in  hidden  replacement  work,  or  where  as  few  joints  as  possible 
are  desired  as  in  fuel-oil  lines,  the  soft  temper  is  commonly  used.  In  new 
or  exposed  work  copper  pipe  of  a  hard  temper  is  generally  used.  All  three 
classes  are  extensively  used  with  soldered  fittings. 

Standard  dimensions,  weights,  and  diameter  and  wall-thickness  toler- 
ances for  these  classes  of  copper  tubing  are  given  in  Table  3.  Copper  pipe 
is  also  available  with  dimensions  of  steel  pipe. 

Refrigeration  lines  used  ,in  connection  with  air  conditioning  equipment 
also  employ  copper  tubing  Extensively.  For  refrigeration  use  where  tubing 
absolutely  free  from  scale  and  dirt  is  required,  bright  annealed  copper 
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tubing  that  has  been  deoxidized  is  used.    This  tubing  is  available  in  a 
variety  of  sizes  and  wall  thicknesses. 

AND 

The  increase  in  temperature  of  a  pipe  from  room  temperature  to  an 
operating  steam  or  water  temperature  100  deg  or  more  above  room  tem- 
perature results  in  an  increase  in  length  of  the  pipe  for  which  provision  must 
be  made.  The  amount  of  linear  expansion  (or  contraction  in  the  case  of 
refrigeration  lines)  per  unit  length  of  material  per  degree  change  in  tem- 
perature is  termed  the  coefficient  of  linear  expansion,  or  commonly,  the 
coefficient  of  expansion.  This  coefficient  varies  with  the  material. 

The  linear  expansion  of  cast-iron,  steel,  wrought-iron,  and  copper  pipe, 
the  materials  most  frequently  used  in  heating  and  ventilating  work,  can 
be  determined  from  Table  4. 

The  three  methods  by  which  the  elongation  due  to  thermal  expansion  may 
be  taken  care  of  are:  (1)  Expansion  joints;  (2)  Swivel  joints;  (3)  Inherent 


Ti 


L=2A+B 

U  bend  with 

4  fittings 


U  bend  with 
2  fittings 


Offset  U  bend 


FICK  1.    MEASUREMENT  OF  L  ON  VARIOUS  PIPB  BBNDS 


flexibility  of  the  pipe  itself  utilized  through  pipe  bends,  right-angle  turns,  or 
offsets  in  the  line. 

Expansion  joints  of  the  slip-sleeve,  diaphragm,  or  corrugated  types  made 
of  copper,  rubber,  or  other  gasket  material  are  all  used  for  taking  up  ex- 
pansion, but  generally  only  for  low  pressures  or  where  the  inherent  flexibility 
of  the  pipe  cannot  readily  be  used  as  in  underground  steam  or  hot  water 
distribution  lines. 

Swivel  joints  are  used  to  some  extent  in  low-pressure  steam  and  hot- 
water  heating  systems,  and  in  hot-water  supply  lines.  Since  swivel  joints 
permit  the  expansive  movement  of  the  pipe  by  turning  of  threaded  joints, 
which  may  ultimately  result  in  a  leak,  it  is  preferable  to  provide  suf- 
ficient flexibility  without  resorting  to  swiveling  in  the  threads. 

Probably  the  most  economical  method  of  providing  for  expansion  of 
piping  in  a  long  run  is  to  take  advantage  of  the  directional  changes  which 
must  necessarily  occur  in  the  piping  and  proportion  the  offsets  so  that 
suflicient  flexibility  is  secured.  Ninety-degree  bends  with  long,  straight 
tangents  in  either  a  horizontal  or  a  vertical  plane  are  an  excellent  means 
for  securing  adequate  flexibility  with  larger  sizes  of  pipe.  When  flexi- 
bility cannot  be  obtained  in  this  manner,  it  is  necessary  to  make  use  of 
some  type  of  expansion  bend.  The  exact  calculation  of  the  size  of  ex- 
pansion bends  required  to  take  up  a  given  amount  of  thermal  expansion 
is  relatively  complicated1.  The  following  approximate  method,  however, 
has  been  found  to  give  reasonably  good  results  and  is  deemed  to  be  suf- 
ficiently accurate  for  most  .heating  installations. 

Fig.  1  shows  several  types  of  expansion  bends  commonly  used  for  taking 
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up  thermal  expansion.    The  amount  of  pipe,  L,  required  in  each  of  these 
bends  may  be  computed  from  Equation  1. 

L  =  6,16  Vl>A  (1) 

where 

L  =  length  of  pipe,  feet. 

D  =  outside  diameter  of  the  pipe  used,  inches. 

A   =  the  amount  of  expansion  to  be  taken  up,  inches. 

This  formula,  based  on  the  use  of  mild-steel  pipe  with  wall  thicknesses 
not  heavier  than  extra-strong,  assumes  a  maximum  safe  value  of  fiber 
stress  of  16,000  psi.  When  square  type  bends  are  used,  the  width  of  the 
bend  should  not  exceed  about  twice  the  height,  since  for  a  given  total 
length  of  pipe  in  the  bend,  the  height  of  the  bend  becomes  progressively 
less  with  increase  in  width  until  the  height  approaches  zero  and  no  flexi- 
bility exists.  Actually,  wide  bends  utilize  to  best  advantage  the  inherent 
flexibility  of  the  line,  but  such  bends  cannot  be  proportioned  on  the  basis 
of  Equation  1.  For  such  applications,  more  accurate  methods1  should  be 
employed.  It  is  further  assumed  that  the  corners  are  made  with  screwed  or 
flanged  elbows  or  with  arcs  of  circles  having  radii  five  to  six  times  the  pipe 
diameter.  Use  of  welding  elbows  with  radii  of  !$•  times  the  pipe  diameter 
will  decrease  the  end  thrusts  somewhat  but  will  raise  the  fiber  stress 
correspondingly. 

All  risers  must  be  anchored  and  safeguarded  so  that  the  difference  in 
length  when  hot,  from  the  length  when  cold,  shall  not  disarrange  the  normal 
and  orderly  provisions  for  drainage  of  the  branches. 

Proper  anchoring  of  piping  is  especially  necessary  with  light-weight 
radiators,  to  allow  for  freedom  of  expansion  in  order  that  no  pipe  strain 
will  distort  the  radiators.  When  expansion  strains  from  the  pipes  are 
permitted  to  reach  these  light  metal  heaters,  they  usually  emit  disturbing 
sounds. 

HANGERS  AND  SUPPORTS 

Heating  system  piping  requires  careful  and  substantial  support.  Where 
changes  in  temperature  of  the  line  are  not  large,  such  simple  methods  of 
support  may  be  utilized  as  hanging  the  line  by  means  of  rods  or  perforated 
strip  from  the  building  structure,  or  supporting  it  by  brackets  or  on  piers. 

When  fluids  are  conveyed  at  temperatures  of  150  F  or  above,  however, 
hangers  or  supporting  equipment  must  be  fabricated  and  assembled  to 
permit  free  expansion  or  contraction  of  the  piping.  This  can  be  accom- 
plished by  the  use  of  long  rod  hangers,  spring  hangers,  chains,  hangers  or 
supports  fitted  with  rollers,  machined  blocks,  elliptical  or  circular  rings  of 
larger  diameter  than  the  pipe  giving  contact  only  at  the  bottom,  or  trolley 
hangers.  In  all  cases,  allowance  should  be  made  for  rod  clearance  to  permit 
swinging  without  setting  up  severe  bending  action  in  the  rods. 

For  pipes  of  small  size,  perforated  metal  strip  is  often  used.  For  hori- 
zontal mains,  the  rod  or  strip  usually  is  attached  to  the  joists  or  steel  work 
of  the  floor  above.  For  long  runs  of  vertical  pipe  subject  to  considerable 
thermal  expansion,  either  the  hangers  should  be  designed  to  prevent  ex- 
cessive load  on  the  bottom  support  due  to  expansion,  or  the  bottom  support 
should  be  designed  to  withstand  the  entire  load. 

THREADING  PRACTICE 

In  all  threaded  pipe  for  heating  and  ventilating  installations  the  American 
Standard  taper  pipe  thread,  ASA  B2.1-1942  is  used.  This  thread  is  cut 
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with  a  taper  of  1  in  16  measured  on  the  diameter  of  the  pipe  so  as  to  secure 
a  tight  joint.  The  number  of  threads  per  inch  varies  with  the  pipe  size. 
Threads  for  fittings  are  the  same,  except  that  it  is  regular  practice  to  furnish 
straight  tapped  couplings  for  Schedule  40  pipe  2  in.  and  smaller.  For 
steam  pressures  in  excess  of  25  psi,  it  is  recommended  that  taper-tapped 
couplings  be  used  to  obtain  a  tight  j  oint .  These  may  be  secured  by  ordering 
line  pipe2  which  is  used  for  oil  piping,  the  couplings  of  which  are  provided 
with  taper-tapped  threads  and  may  be  used  with  regular  mill-threaded 
standard  weight  pipe.  Thread  lengths  should  be  in  accordance  with 
ASA  B2,l.  Right-hand  threads  are  used  unless  otherwise  ordered. 
To  facilitate  drainage,  some  elbows  have  the  thread  tapped  at  an  angle  to 
provide  a  pitch  of  the  connecting  pipe  of  t  in,  to  the  foot.  These  elbows  are 


SXDEfHYPE  FirnWG 


REFRIGERATOR  TYPE  FLARED-TUBWG  FITTINGS 


SAE  COMPRESSION  TUBING,  FITTINGS 


FLARED-TUBING  FITTINGS 

Eio.  2.    COPPBE  OB  BBASS  TUBING  FITTINGS 

known  to  the  trade  as  pitch  elbows  and  are  commercially  available.  All 
threaded  pipe  joints  should  be  made  up  with  a  thread  paste  suitable  for  the 
service  for  which  the  pipe  is  to  be  used. 

TYPES  OF  FITTINGS 

Fittings  for  joining  the  separate  lengths  of  pipe  together  are  made  in  a 
variety  of  forms,  and  are  either  screwed  or  flanged,  the  former  being 
generally  used  for  the  smaller  sizes  of  pipe  up  to  and  including  3J  in., 
and  the  latter  for  the  larger  sizes,  4  in.  and  above.  Screwed  fittings  of 
large  size,  as  well  as  flanged  fittings  of  small  size,  are  also  made  and  are 
used  for  certain  classes  of  work  at  the  proper  pressure. 

The  material  used  for  fittings  is  generally  cast-iron,  but  in  addition  to 
this,  malleable-iron,  steel  and  steel  alloys  are  also  used,  as  well  as  various 
grades  of  brass  or  bronze.  The  material  to  be  used  depends  on  the  char- 
acter of  the  service  and  the  pressure.  Malleable  iron  fittings,  like  brass 
fittings,  are  cast  with  a  round  instead  of  a  flat  band  or  bead,  or  with  no 
bead  at  all.  Fittings  are  designated  as  male  or  female,  depending  on 
whether  the  threads  are  on  the  outside  or  inside,  respectively.  Screwed 
galvanized  fittings  are  made  according  to  the  15Q  Ib  American  Standard. 
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TABLE  5.    AMERICAN  STANDARD  DIMENSIONS  OF  ELBOWS,  TEES,  CBOSSBS,  AND  45 
DBG  ELBOWS,  SOLDSRED-JOINT  FITTINGS,  ASA  A4Q.3-1941 


CAST  BRASSY 

WROUGHT 
METAL 

NOMINAL 

SIZE* 

Laying 
Length, 
Tee,  EII, 
and  Cross13 

Laying 
Length, 
Ell  With 
External 
Shoulder 

Laying 
Length, 
45Deg 

Eir 

Laying 
Length, 
4SDegEll 
External 
Shoulder 

Inside 
Diameter 
of 

Fittings,* 
Min. 

Metal 
Thickness1*' 

Metal 
Thickness* 
Min.* 

BORE 

OP 

FmTNaa 

H 

I 

j 

Q 

0 

T 

R 

TandR 

E,  Min. 

Ji 

1A 

Z/8 

% 

~M 

0.31 

0.08 

0.048 

0.030 

0.378 

ZA 

y* 

7/f6 

% 

*fi 

0.43 

0.08 

0.048 

0.035 

0.503 

l/2 

% 

% 

% 

0.54 

0.09 

0.054 

0.040 

0,628 

H 

% 

% 

Ji 

iHS 

0.78 

0.10 

0.060 

0.045 

0,878 

i 

H 

H 

% 

% 

1.02 

0.11 

0.066 

0.050 

1.1285 

i# 

K 

% 

% 

1.26 

0.12 

0.072 

0.055 

1.3785 

iy2 

iys 

« 

% 

1.50 

0.13 

0.078 

0.060 

1.629 

2 

iJi 

lYs 

% 

si 

1.98 

0.15 

0.090 

0.070 

2.129 

2H 

ij^ 

1% 

•« 

H 

2.46 

0.17 

0.102 

0.080 

2.629 

3 

1% 

i% 

« 

2.94 

0.19 

0.114 

0.090 

3.129 

3H 

2 

2H 

J* 

1^4 

3.42 

0.20 

0.120 

0.100 

3.629 

4 

2M 

2^ 

% 

iJi 

3.90 

0.22 

0.132 

0.110 

4.129 

5 

3H 

m 



4.87 

0.28 

0.168 

0.125 

5.129 

6 

3% 

— 

194 

— 

5.84 

0.34 

0.204 

0.140 

6.129 

All  dimensions  given  in  inches. 

a  This  size  is  the  nominal  bore  of  the  tuhe. 

b  These  dimensions  may  be  used  for  wrought-metal  fittings  as  well  as  for  cast-brass  fittings  at  manu- 
facturer's option. 

c  This  dimension  is  the  same  as  the  inside  diameter  Class  1i  tubing  (American  Standard  Specifications  for 
Copper  Water  Tube,  A.S.A.  H23.1-1939  (A.S.T.M .  B88). 

d  Patterns  shall  be  designed  to  produce  body  thicknesses  given  in  the  table.  Metal  thickness  at  no  point 
shall  be  less  than  90  per  cent  of  the  thicknesses  given  in  the  table. 

e  This  dimension  has  the  same  thicknesses  as  Type  L  tubing. 

£  These  dimensions  are  minimum,  but  in  every  case  the  thickness  of  wrought  fittings  should  be  at  least  as 
heavy  as  the  tubing  with  which  it  is  to  be  used. 

NOTE  It—Wrought  fittings,  as  well  as  cast  fittings,  must  be  provided  with  a  shoulder  or  stop  at  the  bottom 
end  of  socket. 

NOTE  2: — Street  fittings  with  male  ends  are  for  use  in  connection  with  other  fittings  illustrated. 

As  in  the  case  of  pipe,  several  weights  of  fittings  are  manufactured. 
Recognized  American  Standards  for  the  various  weights  are  as  follows: 

Cast-iron  pipe  flanges  and  flanged  fittings  for  25  Ib  (sizes'4  in.  and  larger),  125  Ib, 
and  250  Ib  maximum  saturated  Steam  pressure,  ASA  B16b2,  B16a,  and  B16b,  re- 
spectively. 

Malleable  iron  screwed  fittings  for  150  Ib  maximum  saturated  steam  pressure, 
ASA  B16o. 

Cast-iron  screwed  fittings  for  125  and  250  Ib  maximum  saturated  steam  pressure 
ASA  B16d. 

Steel  flanged  fittings  for  150  and  300  Ib  maximum  steam  service  pressure,  ASA 
B16e. 

The  allowable  cold  water  working  pressures  for  these  standards  vary  from,  43  Ib 
for  the  25  Ib  standard,  to  500  Ib  for  the  300  Ib  steel  standard. 

War  standard  ratings  .in  effect  for  the  duration  of  the  emergency  per- 
mitted higher  ratings  for  certain  sizes  of  the  125  Ib  cast-iron  flanged 
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fitting  standard,  and,  for  300  Ib  steel  flanges  and  flanged  fittings,  than 
those  shown  in  the  regular  American  Standards  mentioned  previously. 
Screwed  fittings  include:  nipples  or  short  pieces  of  pipe  of  varying 
lengths;  couplings  of  steel  or  wrought-iron ;  elbows  for  turning  angles 
of  either  45  deg  or  90  deg;  return  bends,  which  may  be  of  either  the  close 
or  open  pattern,  and  may  be  cast  with  either  a  back  or  side  outlet ;  tees ; 

TABLE  6.    AMERICAN  STANDARD  DIMENSIONS  OF  ELBOWS,  45-DEG  ELBOWS,  TEES, 

AND  CROSSES  (STRAIGHT  SIZES)  FOB  CLASS  125  CAST-!KON  SCEEWED 

FITTINGS,  ASA  B16a-1939 


Elbow 


Tee 


Cross 


A 

c 

B 

s 

P 

G 

H 

NOMINAL 

1*1 

INSIDE  DIAMETEB 

PIPS 

SIZB 

CENTER 
TO  END, 

EtBOWS, 

TEES  AND 
CBOSSES 

CENTEB 
TO  END, 
45  DEG 
ELBOWS 

LENGTH 
OF  THREAD, 
Mm. 

WIDTH 
OF  BAND, 
MIN. 

OP  FITTING 

METAI 
THICKNESS* 
MIN. 

OUTSIDE 
DIAMETER 
or  BAND, 
MIN. 

Min. 

Max. 

^ 

0.81 

0.73 

0.32 

0.38 

0.540 

0.584 

0.110 

0.93 

8^ 

0.95 

0.80 

0.36 

0.44 

0.675 

0.719 

0.120 

1.12 

% 

1.12 

0.88 

0.43 

0.50 

0.840 

0.897 

0.130 

1.34 

% 

1.31 

0.98 

0.50 

0.56 

1.050 

1.107 

0.155 

1.63 

1 

1.50 

1.12 

0.58 

0.62 

1.315 

1.385 

0.170 

1.95 

1M 

1.75 

1.29 

0.67 

0.69 

1.660 

1.730 

0.185 

.2.39 

IJ'i 

1.94 

1.43 

0.70 

0.75 

1.900 

1.970 

0.200 

2,68 

2 

2.25 

'   1.68 

0.75 

0.84 

2.375 

2.445 

0.220 

3.28 

2J^ 

2.70 

1.95 

0.92 

0.94 

2.  875 

2.975 

0.240 

3.86 

3 

3.08 

2.17 

0.98 

1.00 

3.500 

3.600 

0.260 

4.62 

33^ 

3.42 

2.39 

1.03 

1.06 

4.000 

4.100 

0.280 

5.20 

4 

3.79 

2.61 

1.08 

1.12 

4.500 

4.600 

0,310" 

5.79 

5 

4.50 

3.05 

1.18 

1.18 

5.563 

5.663 

0.380 

7.05 

6 

5.13 

3.46 

1.28 

1.28 

6.625 

6.725 

0.430 

8.28 

8 

6.56 

4.28 

1.47 

.    1.47 

8.625 

8.725 

0.550 

10.63 

10 

8.08* 

5.16 

1.68 

1.C8 

10.750 

10.850 

0.690 

13.12 

12 

9.50° 

5.97 

1.88 

1.88 

12.750 

12.850 

0.800 

15.47 

All  dimensions  given  in  inches. 

a  Patterns  shall  be  designed  to  produce  castings  of  metal  thickness  given  in  the  table.    Metal  thickness 
at  no  point  shall  be  less  than  90  per  cent  of  the  thickness  given  in  the  table. 
b  Applies  to  elbows  and  tees  only. 

crosses;  laterals  or  Y  branches;  and  a  variety  of  plugs,  bushings,  caps, 
lock-nuts,  flanges  and  reducing  fittings.  Reducing  fittings  as  well  as 
bushings,  both  of  which  are  used  in  changing  from  one  pipe  size  to  another, 
may  have  the  smaller  connection  tapped  eccentrically  to  permit  free  drain- 
age of  the  water  of  condensation  in  steam  lines  or  free  escape  of  air  in 
water  lines. 

Fittings  for  copper  tubing  are  available  in  the  soldered,  flared,  or  com- 
pression types.    Illustrations  of  each  of  these  types  are  shown  in  Fig.  2. 
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TABLE  7.    AMERICAN  STANDABD  DIMENSIONS  OF  TEES,  CBOSSES*  (STBAIGHT  SIZES), 
AND  ELBOWS  FOB  CLASS  125  CAST-!BON  FLANGUD  FITTINGS,  ASA  B16a-1939 


90deg 


Long  radius      45  deg 


Reducing     Side  outlet 


NOMINAL 


CENTER  TO 
FACE  TEES, 
CROSSES*-** 
AND  ELBOWS 


AA 


FACE  TO 
FACE  TEES 

AND 

CROSSES'^ 


CENTER  TO 

FACE  LONG 

RADIUS 


CENTER  TO 

FACE  45  Dsfl 

ELBOW? 


DlAifETZR 
OP 


THICKNESS 

or  FLANGB. 

Mm. 


TEICKNSSS 
o?  BODY 


i* 


6 

8 
10 

12 

14  O.D. 
16  O.D. 
18  O.D. 
20  O.D. 
24  O.D. 
30  O.D. 
36  O.D. 
42  O.D. 
48  O.D. 


3% 

4 

5  2 

6  2 


8 
9 

11 
12 
14 
15 


18 
22 
25 
28 
31 
34 


8 
9 
10 
11 
12 
13 
15 
16 
18 
22 
24 
28 
30 
33 
36 
44 
50 
56 
62 
68 


5 
6 
7 


9 
10 
11 


16 
19 
21 

23^ 
25 

WA 
32 


46 
53 


All  dimensions  given  in  inches. 

a  Crosses  both  straight  and  reducing  sizes  18  in.  and  larger  shall  be  reinforced  to  compensate  for  the  in- 
herent weakness  in  the  casting  design. 

b  Size  of  all  fittings  listed  indicates  nominal  inside  diameter  of  port. 

c  Tees,  side  outlet  tees,  and  crosses,  16  in.  and  smaller,  reducing  on  the  outlet,  have  the  same  dimensions 
center  to  face,  and  face  to  face  as  straight  size  fittings  corresponding  to  the  size  of  the  larger  opening.  Sizes 
18  in.  and  larger,  reducing  on  the  outlet,  are  made  in  two  lengths,  depending  on  the  size  of  the  outlet. 

d  Tees  and  crosses,  reducing  on  run  only,  carry  same  dimensions  center  to  face  and  face  to  face  as  a  straight 
size  fitting  of  the  larger  opening. 

6  Reducing  elbows  and  side  outlet  elbows  carry  same  dimensions  center  to  face  as  straight  size  elbows 
corresponding  to  the  size  of  the  larger  opening. 

f  Special  degree  elbows,  ranging  from  1  to  45  deg.,  inclusive,  shall  have  the  same  center  to  face  dimensions 
as  given  for  45-deg  elbows  and  those  over  45  deg  and  up  to  90  deg,  inclusive,  shall  have  the  same  center  to 
face  dimensions  as  given  for  90-deg  elbows.  The  angle  designation  of  an  elbow  is  its  deflection  from  straight 
line  flow  and  is  the  angle  between  the  flange  faces. 

*  Side  outlet  elbows  shall  have  all  openings  on  intersecting  center  lines. 

h  Body  thickness  at  no  point  shall  be  less  than  87i  per  cent  of  the  dimensions  given  in  the  table. 
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Fittings  for  copper  pipe  of  IPS  dimensions  are  available  in  screwed  or 
soldered  types  of  connection.  Table  5  from  ASA  Standard  A40.3- 
1941  contains  dimensions  for  soldered  joint  elbows,  tees,  crosses,  and  45 
deg  elbows. 

The  compression  type  fitting  is  generally  limited  to  smaller  size  tubing, 
while  the  flared  and  soldered  types  are  used  in  both  large  and  small  sizes. 
An  ^  American  Standard,  ASA  A40.2-1936  has  been  prepared  to  stand- 
ardize dimensions  for  brass  fittings  for  flared  copper  water  tubes.  Flared 
tube  fittings  are  widely  used  in  refrigerating  work  where  S.A.E.  dimensions 

TABLE  8.    AMBEICAK  STANDARD  DIMENSIONS  FOR  BUTT-WELDING  ELBOWS,  TEES, 
CAPS,  AND  LAPPED-JOINT  STUB  ENDS,  ASA  B16.9-1940 


,  •*•— -Not  G 

I   standardized 


NOMINAL 
PIPS 
SIZE 


QUTSIDB 
DIAMETER 


CENTJBR-TO-ENI> 


90-Deg 

Elbows 

A 


45-Deg 

Elbows 

B 


Of  RUQ 
Tee 
Ca 


CAPS 


LAPPED-JOINT  STUB  ENDB 


Length 


Radius  of 

Fillet 

R 


Diam.  of 
Lap 
Gd 


4 

5 

6 

8 

10 

12 


1.315 
1.660 
1.900 
2.375 
2.875 
3.500 
4.000 
4.500 
5,563 
6.625 
8.625 
10.750 
12.750 


p 


9 
12 
15 
18 


7 

iox 


4 
4 
4 
6 
6 
6 
6 
6 
8 
8 
8 
10 
10 


716 

& 


Ke 
j| 


15 


All  dimensions  given  in  inches. 

a  The  dimensions  of  -welding  tees  cover  those  which  have  side  outlets  from  one  size  less  than  half  the  size 
of  the  run-way  opening  of  the  tees  to  full  size. 

b  Dimensions  E  and  F  are  applicable  only  to  these  fittings  in  schedules  up  to  and  including  Schedule  80 
A.S.A..  Standard  B36  .10-1939  .  ' 

c  The  shape  of  these  caps  shall  be  ellipsoidal  and  shall  conform  to  the  requirements  of  the  A  .S.M,E.  Boiler 
Construction  Code. 

b  This  dimension  is  for  standard  machined  facings  in  accordance  with  American  Standard  for  Steel  Pipe 
Flanges  and  Flanged  Fittings  (A  .8.  A  .  Bl  6e-1939)  .  The  back  face  of  the  lap  shall  be  machined  to  conform  to 
the  surface  of  the  flange  on  which  it  seats.  Where  ring  joint  facings  are  to  be  applied,  use  dimension  K  as 
given  in  ASA  B16e-1939. 


and  a  45-deg  flare  render  most  fittings  interchangeable,  although  for 
refrigeration  use,  thread  fits  arid  tolerances  on  thread  gages  must  be  main- 
tained within  close  limits.  -Brass  -fittings  wiih-S.A.E.  dimensions  are  not 
interchangeable  with  the  American  Standard  fittings  for  water  tubes. 

Ammonia  pipe  fittings  made  of  cast-iron  were  formerly  used  extensively 
in  handling  refrigerants  in  large  installations.  Replacement  of  ammonia 
by  other  refrigerants  operating  at  lower  pressures  has  seriously  curtailed 
the  market  for  these  fittings.  For  this  reason  formulation  of  an  American 
Standard  for  these  fittings  was  abandoned  by  the  ASA  in  1936. 


Pipe*  Fittings,  Welding  569 

FLANGE  FACINGS  AND  GASKETS 

A  number  of  different  flange  facings  in  common  use  are  plain  face,  raised 
face,  tongue  and  groove,  and  male  and  female.  Cast-iron  fittings  for  125 
psi  and  below  are  normally  furnished  with  a  plain  face,  while  the  250  Ib 
cast-iron  fittings  are  supplied  with  a  i^-in.  raised  face.  The  standard 
facing  for  steel  flanged  fittings  for  150  and  300  psi  is  a  r§"-ni.  raised  face 
although  these  fittings  are  obtainable  with  a  variety  of  facings.  The 
gasket  surface  of  the  raised  face  may  be  finished  smooth  or  may  be  machined 
with  concentric  or  spiral  grooves  often  referred  to  as  serrated  face  or 
phonograph  finish,  respectively. 

The  dimensions  of  elbows,  tees,  and  crosses  for  125  Ib  cast-iron  screwed 
fittings  are  given  in  Table  6,  whereas  the  dimensions  for  125  Ib  cast-iron 
flanged  fittings  are  given  in  Table  7. 

For  low  temperature  service  not  to  exceed  about  220  F,  a  number  of 
paper  or  vegetable  fiber  gasket  materials  will  prove  satisfactory;  for  plain 
raised  face  flanges,  rubber  or  rubber  inserted  gaskets  are  commonly  em- 
ployed. Asbestos  composition  gaskets  are  probably  the  most  widely  used, 
particularly  where  the  temperature  exceeds  250  F.  Jacketed  asbestos  and 
metallic  gaskets  may  be  used  for  any  pressure  and  temperature  conditions, 
but  preferably  only  with  a  narrow  recessed  facing. 

WELDING 

Erection  of  piping  in  heating  and  ventilating  installations  by  means  of 
fusion  welding  has  been  commonly  accepted  in  the  past  few  years  as  an 
alternate  method  to  the  screwed  and  flanged  joint.  Since  the  question 
of  economy  of  welding  as  against  the  use  of  screwed  and  flanged  fittings 
is  dependent  on  the  individual  job,  the  use  of  welding  is  generally  recom- 
mended on  the  basis  of  a  greatly  reduced  cost  of  maintenance  and  repair, 
of  less  weight  resulting  from  the  use  of  a  lighter-weight  pipe,  and  of  increased 
economy  in  pipe  insulation,  hangers,  and  supports  rather  than  on  the  basis 
of  any  economy  that  might  be  effected  in  actual  erection  by  welding  on  low 
to  medium  pressure  heating  jobs. 

Fusion  welding,  commonly  used  in  erection  of  piping,  is  defined  as  the 
process  of  joining  metal  parts  in  the  molten,  or  molten  and  vapor  states, 
without  the  application  of  mechanical  pressure  or  blows.  Fusion  welding 
embraces  gas  welding  and  electric  arc  welding,  both  of  which  are  commonly 
used  to  produce  acceptable  welds.  Welding  processes  and  procedure  are 
described  in  various  publications. 

Welding  application  requires  the  same  basic  knowledge  of  design  as  do 
the  other  types  of  assembly,  but,  in  addition,  requires  a  generous  know- 
ledge of  the  sciences  involved,  particularly  as  to  welding  qualities  of 
metal,  their  reaction  to  extremely  high  temperatures,  and  the  ability  to 
determine  and  use  only  the  best  quality  welding  rods.  This  requirement 
applies  equally  to  employer  and  employee,  with  the  employer  accepting 
all  of  the  responsibility.  Thus  the  employer  should  select  his  welding 
mechanics  with  good  judgment,  provide  them  with  first-class  equipment 
and  tools,  arrange  for  their  training  and  use  of  acceptable  workmanship 
standards,  and  at  regular  intervals  subject  their  work  to  prescribed  tests. 

Rules  for  fusion  welding  of  pipe  joints,  the  qualification  of  welding 
operators,  welding  procedures  and  the  testing  theoreof,  are  contained  in 
the  Standard  Manual  on  Pipe  Welding  of  the  Heating,  Piping  &  Air 
Conditioning  Contractors  National  Association,  and  other  nationally 
recognized  groups.3 •  4» 5  In  general,  the  wall  thickness  and  chemical 
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analysis  of  the  pipe  are  the  governing  factors,  not  the  working  pressure. 
There  are  a  number  of  safety  codes  which  govern  the  installation  of  welded 
piping  in  many  cities  and  states.    Some  of  the  more  prominent  are  listed 
at  the  end  of  this  chapter4*  5»  Q. 
A  complete  line  of  manufactured  steel  welding  fittings  is  now  available^ 


TABLE  9.    AMERICAN  STANDARD  DIMENSIONS  OF  STEEL  WELDING  NECK  AND  SLIP-ON 
WELDING  FLANGES  FOE  STEAM  SERVICE  PRESSURE  RATING  OF  150  PSI  (GAGE)  AT  A 
TEMPERATURE  OF  500  F,  AND  100  PSI  (GAGE)  AT  750  F,  ASA  B16e-1939 
-X- 


-w- 

Y 


WELDING  NECK 


SLIP-ON  NECK 


NOMIMAL 

PIPE 
SIZE 


DIAMETER 

^OF 

FLANGE 


THICKNESS 

'OF 

FLQ.S 
MIN. 


DIAMETER 

OF 

HUB 


HUB  DIAM. 
BEQINNINQ 
or 


LENGTH 
THRU 


INSIDE  DIAM. 
OF  PIPE 

SCHEDULE  40o 


BORE  OF 
SLIP-ON 

FLANGES 
MIN. 


W 


DIAM.  OP 
•  BOLT 
CmcLE 


No. 

OS- 
BOLTS 


SIZE 

OF 

BOLTS 


2 

3  * 

4  2 
5 

6 

S 
10 
12 

14  O.D. 
16  O.D. 
18  O.D. 
20  O.D. 
24  O.D. 


9 

10 
11 


16 
19 
21 


25 


32 


0.84 

1.05 

1.32 

1.66 

1.90 

2.38 

2.88 

3.50 

4.00 

4.50 

5.56 

6.63 

8.63 

10.75 

12.75 

14.00 

16.00 

18.00 

20.00 

24.00 


0.62* 
0.82* 
1.05* 
1.38* 
1.61* 
2.07* 
2.47* 
3.07* 
3.55* 
4.03* 
5.05* 
6.07* 
7.98* 
10.02* 

To'Be 
Specified 

by 
Purchaser 


0.88 

L09 

1.38 

1.72 

1.97 

2.44 

2.94 

3.56 

4.06 

4.56 

5.66 

6.72 

8.72 

10.88 

12.88 

14.19 

16.19 

18.19 

20.19 

24.19 


4 

4 

4 

4 

4 

4 

4 

4 

8 

8 

8 

8 

8 

12 

12 

12 

16 

16 

20 

20 


All  dimensions  given  in  inches. 

*A  raised  face  of  ^  i*1*  is  included  in  thickness  offlanffe  miniinum  and  in  length  through  hub. 

bThe  outside  surface  of  the  welding  end  of  the  hub  shall  be  straight  or  tapered  at  not  more  than  6  deg. 

dimensions  H  and  J  correspond  to  the  outside  and  inside  diameters  of  pipe  as  given  in  A.S.A.  B36.10- 
1939,  Schedule  40. 

These  diameters  are  identical  with  the  diameters  of  what  was  formerly  designated  as  Standard  Weight 
Pipe  of  the  corresponding  sizes. 


and  a  dimensional  standard7  has  been  prepared  under  the  procedure  of  the 
American  Standards  Association  to  unify  heretofore  divergent  dimensions 
for  the  same  type  welding  fittings  as  produced  by  different  manufacturers. 
Standard  dimensions  for  steel  butt-welding  elbows,  tees,  caps,  and  lapped- 
joint  stub  ends  are  given  in  Table  8.  Dimensions  for  eccentric  and  con- 
centric reducers,  and  180-deg  return  bends  are  not  shown  in  Table  8,  but 
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are  included  in  the  American  Standard.  Larger  sizes  also  are  available 
in  some  types  of  fittings.  The  welding  bevel  which  is  a  straight  37|-deg 
V  for  wall  thickness  f  in*  and  below,  and  a  U-bevel  for  thicknesses  heavier 
than  f  in.,  conforms  to  the  recommended  practice  of  ASA  Standard 
Bl6e-1939,  American  Standard  for  Steel  Pipe  Flanges  and  Flanged  Fittings, 
The  latter  also  contains  dimensions  for  steel  welding  neck  flanges  for 
pressures  up  to  2500  psi,  and  slip-on  welding  flanges  for  150  and  300  psi. 
Table  9  gives  these  dimensions  for  welding-neck  and  slip-on  welding 
flanges  suitable  for  150  psi  gage  pressure. 

Socket-welding  fittings  also  are  commercially  available.     These  fittings 
have  a  machined  recess  for  inserting  the  pipe  which  is  attached  by  a 

TABLE    10.    AMEEICAN    STANDARD    DIMENSIONS    OF    SOCKET-WELDING    ELBOWS, 
TEES,  CROSSES,  45-DEO  ELBOWS,  AND  COUPLINGS 


NOM- 
INAL 
PIPE 

SIZE 


MINI- 

MUM 

DEPTH 

OF 

SOCKET 


CENTER  TO  BOTTOM 
OF  SOCKET 


90-Deg 

Ells,  Tees, 

Crosses 


.S 


45-Deg 
Ells 


COUP- 
LINGS 
DIS- 
TANCE 

BE- 
TWEEN 
BOTTOM 
SOCKETS 


BORE 
DIA- 

METEK 
OP 

SOCKET, 

MINI- 
MUM 


MINIMUM  SOCKET 
WALL  THICKNESS 


(8 


Ca 


BOBE  DIAMETER 
OP  FITTINGS 


£ 

2  2 
3 


0.420 
0.555 
0.690 
0.855 
1.065 
1.330 
1.675 
1.915 
2.406 
2.906 
3.535 


0.125 
0.125 
0.125 
0.136 
1.141 
0.166 
0.175 
0.181 
0.193 
0.254 
0.270 


0.125 
0.149 
0.158 
0.184 
0.193 
0.224 
0.239 
0.250 
0.273 
0.345 
0.375 


0.234 
0.273 
0.313 
0.313 
0.351 
0.429 
0.469 
0.546 


0.269 
0.364 
0.493 
0.622 
0.824 
1.049 
1.330 
1.610 
2.067 
2.469 
3.068 


0.215 
0.302 
0.423 
0.546 
0.742 
0.957 
1.278 
1.500 
1.939 
2.323 
2.900 


0.466 
0.614 
0.815 
1.160 
1.338 
1.689 
2.125 
2.625 


All  dimensions  are  given  in  inches. 

aDimension  C  is  1J  times  the  nominal  pipe  thickness,  minimum,  but  not  leas  than  H  in- 

Reducing  sizes  have  same  center  to  bottom  of  socket  dimension  as  the  largest  size  of  reducing  fitting. 

fillet  weld  between  the  pipe  wall  and  socket  end.  Use  of  socket-welding 
fittings  generally  is  restricted  to  nominal  pipe  sizes  3  in.  and  smaller  in 
which  range  commercial  fittings  are  available.  This  type  of  fitting  has 
gained  rapid  acceptance  owing  to  its  ease  of  installation,  low  cost,  and 
ability  to  make  a  pressure  tight  joint  without  weakening  the  pipe  as  is  the 
case  with  threading.  Dimensions  for  socket-welding  fittings  in  accord- 
ance with  ASA  Standard  B16.11-1946  are  given  in  Table  10.8 

VALVES 

Valves  are  made  with  both  threaded  and  flanged  ends  for  screwed  and 
bolted  connections  just  as  are  pipe  fittings. 

The  material  used  for  valves  of  small  size  is  generally  brass  or  bronze 
for  low  pressures  and  forged  steel  for  high  pressures,  while  in  the  larger 
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sizes  either  cast-iron,  cast-steel  or  some  of  the  steel  alloys  are  employed. 
Practically  all  iron  or  steel  valves  intended  for  steam  or  water  work  are 
bronze-mounted  or  trimmed. 

Brass,  bronze,  and  iron  valves  are  generally  designed  for  standard  or 
extra  heavy  service,  the  former  being  used  up  to  125  Ib  and  the  latter  up 
to  250  Ib  saturated  steam  working  pressure,  although  most  manufacturers 
also  make  valves  for  medium  pressure  up  to  175  Ib  steam  working  pressure. 

TABLE  11.    AMEEICAN  STANDARD  CONTACT  SURFACE  TO  CONTACT  SURFACE  DIMEN- 
SIONS OF  CAST-IHON  AND  STEEL  FLANGED  WEDGE  GATE  VALVES, 
ASA  B16.10-1939 


NOMINAL 
PIPE 
SIZE 


2 

3  2 

4 

5 

6 

8 
10 
12 

14  O.D. 
16  O.D. 
180.1). 
20  O.D. 
24  O.D. 


CONTACT  SURFACE  TO  CONTACT  SURFACE  DIMENSIONS,  (2  X  AA) 


Cast-Iron* 


125 


7 

8  2 
8J^ 
9 
10 


13 

14 
15 
16 
17 
IS 
20 


7M 
8 

10  4 

10 

11 

13 


250b 


12 
15 


18 


24 
26 
28 
31 


Steel 


7 
7} 
8 
8^ 
9 
10 


13 
14 
15 
16, 
17 
18 
20 


300b 


All  dimensions  given  in  inches. 

'These  dimensions  are  the  same  for  Cast-Iron  Double  Disc  Flanged  Gate  Valves. 

bThese  are  pressure  designations  which  refer  to  the  primary  service  ratings  in  pounds  per  square  inch  of 
the  connecting  end  flanges. 

°The  connecting  end  flanges  of  175  Ib  valves  are  the  same  as  those  on  250  Ib  valves. 

NOTE  1 :— Where  dimensions  are  not  given,  the  sizes  either  are  not  made  or  there  is  insufficient  demand 
to  warrant  the  expense  of  unification. 

NOTE  2:— Female  and  groove  Joint  facings  have  bottom  of  groove  in  same  plane  as  flange  edge,  and  center 
to  contact  surface  dimensions  for  these  facings  are  reduced  by  the  amount  of  the  raised  face. 


The  more  common  types  are  gate  valves  or  straightway  valves,  globe 
valves,  angle  valves,  check  valves  and  automatic  valves,  such  as  reducing 
and  back-pressure  valves. 

Gate  valves  are  the  most  frequently  used  of  all  valves  since  in  their  open 
position  the  resistance  to  flow  is  a  minimum,  but  they  should  not  be  used 
where  it  is  desired  to  throttle  the  flow;  globe  valves  should  be  used  for 
this  purpose.  Gate  valves  may  be  secured  with  either  a  rising  or  a  non- 
rising  stein,  although  in  the  smaller  size  the  rising  stem  is  more  commonly 
used.  The  rising  stem  valve  is  desirable  because  the  positions  of  the 
handle  and  stem  indicate  whether  the  valve  is  open  or  closed,  although 
space  limitations  may  prevent  its  use.  The  globe  valve  is  less  expensive 
to  manufacture  than  the  gate  valve,  but  its  peculiar  cpijstnjctior}  offers 
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a  high  resistance  to  flow  and  may  prevent  complete  drainage  of  the  pipe 
line.  These  objections  are  of  particular  importance  in  heating  work. 

An  American  Standard,  ASA  B16. 10-1939,  has  been  prepared  giving 
the  face-to-face  dimensions  of  ferrous  flanged  and  welding-end  valves. 
The  following  types  are  covered :  wedge  gate,  double  disc  gate,  globe  and 
angle,  and  swing  check.  One  purpose  of  establishing  these  dimensions  is 
to  insure  that  gate  valves  of  a  given  rating  and  flange  dimension  of  either 
the  wedge  or  double  disc  design  will  be  interchangeable  in  a  pipe  line. 
Contact  surface  to  contact  surface  dimensions  of  cast-iron  and  steel 
flanged  wedge-gate  valves  are  given  in  Table  11.  End-to-end  dimensions 
for  steel  butt-welding  valves  in  sizes  up  to  8  in.,  inclusive,  are  the  same 
as  those  given  in  Table  11  for  steel  valves. 

Check  valves  are  automatic  in  operation  and  permit  flow  in  only  one 
direction,  depending  for  operation  on  the  difference  in  pressure  between 
the  two  sides  of  the  valve.  The  two  principal  kinds  of  check  valves  are 
the  swing  check  in  which  a  flapper  is  hinged  to  swing  back  and  forth,  and 
the  lift  check  in  which  a  dead  weight  disc  moves  vertically  from  its  seat. 

Valves  commonly  used  for  controlling  steam  or  water  supply  to  radi- 
ators constitute  a  special  class  since  they  are  manufactured  to  meet  heating 
system  requirements.  These  valves  are  generally  of  the  angle  type  and  are 
usually  made  of  brass.  Graduations  on  the  heads  or  lever  handles  are  often 
supplied  to  indicate  the  relative  opening  of  the  valve. 

Automatic  control  of  steam  supply  to  individual  radiators  can  be  ef- 
fected by  use  of  direct-acting  radiator  valves  having  a  thermostatic  element 
at  the  valve,  or  near  to  it.  The  direct-acting  valve  is  usually  an  angle-type 
valve  containing  a  thermostatic  element  which  permits  the  flow  of  steam 
in  accordance  with  room  temperature  requirements.  These  valves  usually 
are  capable  of  adjustment  to  permit  variation  in  room  temperature  to  suit 
individual  taste. 

Ordinary  steam  valves  may  be  used  for  hot  water  service  by  drilling  a 
i^-in.  hole  through  the  web  forming  the  seat  to  insure  sufficient  circulation 
to  prevent  freezing  when  the  valve  is  closed.  Valves  made  for  use  in  hot 
water  heating  systems  are  of  simpler  design,  one  type  consisting  of  a  simple 
butterfly  valve,  and  another  of  a  quick  opening  type  in  which  a  part  in  the 
valve  mechanism  matches  up  with  an  opening  in  the  valve  body. 

In  one-pipe  steam-heating  systems,  automatic  air  valves  are  required 
at  the  radiators.  Two  common  types  of  air  valves  available  are  the 
vacuum  type  and  the  straight-pressure  type.  Vacuum  valves  permit  the 
expulsion  of  air  from  the  radiators  when  the  steam  pressure  rises  and,  in 
addition,  act  as  checks  to  prevent  the  return  of  air  into  the  radiator  when 
a  vacuum  is  formed  by  the  condensation  of  steam  after  the  supply  pressure 
has  dropped.  Ordinary  air  valves  permit  the  expulsion  of  air  from  the 
radiator  when  steam  is  supplied  under  pressure,  but  when  a  vacuum 
tends  to  be  formed  the  air  is  drawn  back  into  the  radiator. 
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PIPE  INSULATION 

Heat  Losses  from  Bare  and  Insulated  Pipes,  Low  Temperature  Pipe  Insulation, 

Insulation  of  Pipes  to  Prevent  Freezing,  Economical  Thickness 

of  Pipe  Insulation,  Underground  Pipe  Insulation 


fTlHE  heat  loss  from  uninsulated  pipes  may  be  of  considerable  magni- 
JL  tude  if  the  temperature  of  the  surrounding  medium  differs  appre- 
ciably from  that  of  the  fluid  conveyed.  Losses  are  increased  by  rapid 
motion  of  the  surrounding  air  or  by  contact  of  the  pipe  with  bodies  of 
high  conductivity.  Careful  consideration  must,  therefore,  be  given  to 
this  factor  in  a  properly  designed  system  and  adequate  insulation  pro- 
vided, if  necessary. 

HEAT  LOSSES  FROM  BARE  PIPES 

Heat  losses  from  horizontal  bare  steel  pipes,  based  on  tests  at  Mellon 
Institute  and  calculated  from  the  fundamental  radiation  and  convection 
equations  (Chapter  5),  are  given  in  Table  1.  Heat  losses  from  horizontal 
copper  tubes  and  pipes  with  tarnished  surfaces,  are  given  in  Table  2l. 

Heat  losses  from  bare  pipe  of  materials  having  lower  emissivities  may 
be  calculated  from  data  appearing  in  Chapter  5. 

The  area  in  square  feet  per  linear  foot  of  pipe  is  given  in  Table  3  for 
various  standard  pipe  sizes,  and  Table  4  for  copper  tubing,  while  Table  5 
gives  the  area  in  square  feet  of  flanges  and  fittings  for  various  standard 
pipe  sizes.  These  tables  can  be  used  to  advantage  in  estimating  the 
amount  of  insulation  required. 

Very  often,  when  pipes  are  insulated,  flanges  and  fittings  are  left  bare 
so  as  to  allow  for  easy  access  to  the  fittings  in  case  of  repairs.  The  fact 
that  a  pair  of  8-in.  standard  flanges  having  an  area  of  2.41  sq  ft  would 
lose,  at  100  Ib  steam  pressure,  an  amount  of  heat  equivalent  to  more  than 
a  ton  of  coal  per  year,  shows  the  necessity  for  insulating  such  surfaces. 

Examples  1  and  2  show  how  the  annual  heat  loss  from  uncovered  pipe 
and  its  dollar  value  may  be  computed  from  the  data  in  Table  1. 

Example  1.  Compute  the  total  annual  heat  loss  from  165  ft  of  2  in.  bare  pipe  in 
service  4000  hr  j>er  year.  The  pipe  is  carrying  steam  at  10  Ib  pressure  and  is  exposed 
to  an  average  air  temperature  of  70  F. 

Solution.  The  pipe  temperature  is  taken  as  the  steam  temperature,  which  is  239.4 
F,  obtained  by  interpolation  from  Steam  Tables.  The  temperature  difference  be* 
tween  the  pipe  and  air  —  239.4  —  70  =  169.4  F.  By  interpolation  of  Table  1  between 
temperature  differences  of  157.1  and  227.7  F,  the  heat  loss  from  a  2-in.  pipe  at  a  tem- 
perature difference  of  169.4  F  is  found  to  be  1 .624  Btu  per  (hr)  (linear  ft)  (F  deg) .  The 
total  annual  heat  loss  from  the  entire  line  =  1.624  X  169.4  X  165  (linear  ft)  X  4000 
(hr)  -  181,600  Mb.  (Mb  =  1000  Btu.) 

Example  2.  Coal  costing  $11.50  per  ton  and  having  a  calorific  value  of  13,000  Btu 
per  pjound  is  being  burned  in  the  furnace  supplying  steam  to  the  pipe  line  given  in  the 
previous  example.  If  the  system  is  operating  at  an  overall  efficiency  of  55  per  cent, 
determine  the  monetary  value  of  the  annual  heat  loss  from  the  line. 

Solution.  The  cost  of  heat  per  1000  Mb  supplied  to  the  system  =  1,000,000  X  11.5 
(dollars)  +  [13,000  (Btu)  X  2000  (Ib)  X  0.55  (efficiency)]  »  $0.804.  The  total  cost 
of  heat  lost  per  year  -  0.804  X  181.6  (thousand  Mb)  -  $146.00. 
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INSULATIONS 

Pipe  insulations  are  of  several  general  forms  and  are  made  of  various 
types  of  material.  The  most  common  form  is  the  rigid  sectional  covering 
either  split  longitudinally  into  halves  or  cut  through  on  one  side  and 
scored  on  the  other,  to  facilitate  assembling  on  pipes.  Preformed  ma- 

TABLE  1.    HEAT  LOSSES  PBOM  HORIZONTAL  BARB  STEEL  PIPES 

Expressed  in  Btu  per  (hour}  (linear  foot)  (Fahrenheit  degree  difference  between  the  pipe 

and  surrounding  still  air  at  70  F) 


HOT  WATER 

STEAM 

NOMINAL 
PIPE 

120  F 

150  F 

180  F 

210  F 

227.1  F 
(5Lb) 

299.7  F 
(50  Lb) 

337.9  F 
(100  Lb) 

SIZE 

(INCHES) 

TEMPERATURE  DIFFERENCE 

50  F 

80  F 

110  F 

140  F 

157.1  F 

227.7  F  ' 

267.9  F 

jy 

0.455 

0.495 

0.546 

0.584 

0.612 

0.706 

0.760 

&/ 

0.555 

0.605 

0.666 

0.715 

0.748 

0.866 

0.933 

1 

0.684 

0.743 

0.819 

0.877 

0.919 

1.065 

1.147 

0.847 

0.919  ' 

1.014 

1.0S6 

1.138 

1.324 

1.425 

\\& 

0.958 

1.041 

1.148 

1.230 

1.288 

1.492 

1.633 

2 

1.180 

1.281 

1.412 

1.512 

1.578 

1.840 

1.987 

1.400 

1.532 

1.683 

1.796 

1.8S3 

2.190 

2.363 

3 

1.680 

1.825 

2.010 

2.153 

2.260 

2.630 

2.840 

1.900 

2.064 

2.221 

2.433 

2.552 

2.974 

3.215 

4  ^ 

2.118 

2.302 

2.534 

2.717 

2.850 

3.320 

3.590 

5 

2.580 

2.804 

3.084 

3.303 

3.470 

4.050 

4.385 

6 

3.036 

3.294 

3.626 

3.886 

4.074 

4.765 

5.160 

8 

3.880 

4.215 

4.638 

4.960 

5.210 

6.100 

6.610 

10 

4.760 

5.180 

5.680 

6.090 

6.410 

7.490 

8.115 

12 

5.590 

6.070 

6.670 

7.145 

7.500 

8.800 

9.530 

TABLE  2.    HEAT  Loss  FEOM  HOKIZONTAL  TABNISHED  COPPER  PIPE 

Expressed  in  Btu  per  (hour)  (linear  foot)  (Fahrenheit  degree  difference  between  the 

pipe  and  surrounding  still  air  at  70  F) 


HOT  WATER  (Type  K  Copper  Tube) 

STEAM  (Standard  Pipe  Size  Pipe) 

NOMINAL 
PIPE 

120  F 

150  F 

180  F 

210  F 

227.1  F 
(5Lb) 

297.7  F 
(50  Lb) 

337.9  F 
(100  Lb) 

SIZE 
(INCHES) 

TEMPERATURE  DIFFERENCE 

50  F 

80  F 

110  F 

140  F 

157.1  F 

227.7  F 

267.9  F 

^ 

0.250 

0.287 

0.300 

0.321 

0.433 

0.500 

0.530 

5i 

0.340 

0.381 

0409 

0.429 

0.533 

0.543 

0.654 

1 

0.440 

0.475 

0.509 

0.536    , 

0.636 

0.746 

0.803 

lji£ 

0.500 

0.559 

0.618 

0.622 

0.764 

0.878 

0.934 

IJla 

0.580 

0.656 

0.710 

0.750 

0.904 

1.053 

1.120 

2 

0.730 

0.825 

0.890 

0.957 

1.101 

1.273 

1.364 

2^ 

0.8SO 

1.000 

1.091 

1,143 

1.305 

1.490 

1.605 

3 

1.040 

1.175 

1.272 

1.343 

1.560 

1.800 

1.940 

3Ji 

1.180 

1.350 

1.454 

1.535 

1.750 

2.020 

2.170 

4 

1.460 

1.500 

1.635 

1.715 

1.941 

2.240 

2.430 

4H 

2.131 

2.465 

2.650 

5 

Teb'o 

T812 

T980 

2"071 

2.387 

2.770 

2.990 

6 

1.840 

2.125 

2.270 

2.430 

2.740 

3.210 

3.440 

8 

2.400 

2.685 

2.910 

3.110 

3.310 

4.050 

4.370 

terials  are  supplied  in  segments  for  assembly  on  large  pipes.  The  sectional 
coverings  are  generally  supplied  with  a  pasted-on  canvas  jacket.  Blanket 
insulations  are  sometimes  used  for  wrapping  large  pipes,  particularly 
where  removal  for  frequent  servicing  of  the  pipe  is  necessary.  Fittings 
and  bends  are  commonly  covered  with  portions  of  standard  preformed 
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TABLE  3.    EXTERNAL  SURFACE  PEE  LINEAR  FOOT  OF  PIPE 


NOMINAL 
PIPE  SIZE 
(INCHES) 

SURFACE  AREA  j| 
(SQ  FT)         | 

NOMINAL 
PIPE  SIZE 
(INCHES) 

SURFACE  AREA 
(SQ  FT) 

NOMINAL 
PIPE  Si7E 
(INCHES) 

SURFACE  AREA 
(SQ  FT) 

M 

iJJ 

0.22             il 
0.275            !i' 
0.344 
0.435 
0.498 

2 
2H' 
3 
3H 

4 

0.622 
0.753 
0.917 
1.017 
1.17S 

5 
6 
8 
10 
12 

1.456 
1.734 
2.257 
2.817 
3.338 

Insulation  or,  when  irregular  in  contour,  with  plastic  materials  known  as 
insulating  cements.  Insulation  is  secured  to  pipes  with  staples  which  are 
used  to  bridge  the  joint  between  half  sections,  and  with  metal  pipe  covering 
bands  or  rings  of  wire  which  secure  individual  sections  and  effect  a  junc- 
tion between  abutting  sections.  Surface  finishes  used  over  pipe  insulation 
depend  upon  the  service  encountered  and  appearance  desired.  Canvas 
jackets  are  most  common,  although  asbestos  paper  or  asbestos  finishing 
cements  are  sometimes  employed.  Insulation  outdoors  should  be  water- 
proof, and  is  generally  protected  with  an  asphalt  felt  for  piping  and 
asphaltic  cements  for  fittings.  Insulation  on  lines  carrying  cold  water, 
brine,  or  other  cold  fluids  is  carefully  finished  to  obtain  adequate  sealing 
against  the  penetration  of  water  vapor. 

The  selection  of  pipe  insulation  for  a  particular  service  condition  must 
be  made  with  full  consideration  of  a  number  of  properties  in  addition  to 
thermal  conductivity.  Factors  which  may  be  of  more  importance  than 
the  thermal  conductivity  are:  ease  of  application,  fire  resistance,  heat 
stability,  weathering  stability,  resistance  to  damage  by  physical  abuse, 
and  others  which  may  apply  to  a  particular  installation.  A  complete 
evaluation  of  pipe  insulation  cannot  be  included  here.  Insulation  manu- 
facturers should  be  consulted  in  regard  to  the  selection  of  insulation 
which  is  to  meet  specific  requirements. 

HEAT  LOSSES  FROM  INSULATED  PIPES 

The  conductivities  of  various  materials  used  for  insulating  steam  and 
hot  water  systems  are  given  in  Table  6.  They  are  given  as  functions  of 
the  mean  temperatures  or  the  arithmetic  mean  of  the  inner  and  outer 
surface  temperatures  of  the  insulations.  It  should  be  emphasized  that 
they  are  the  average  values  obtained  from  a  number  of  tests  made  on 
each  type  of  material,  also,  that  in  the  use  of  conductivity  all  variables  due 
to  differences  in  thickness,  pipe  sizes,  and  air  conditions  are  eliminated. 
Individual  manufacturer's  materials  will,  of  course,  vary  in  conductivity 
to  some  extent  from  these  values. 

The  heat  losses  through  1,  1|,  and  2-in.  thick,  85  per  cent  magnesia 
type  of  insulation  for  temperature  differences  between  the  pipe  and  the 
surrounding  atmosphere  up  to  280  F,  are  shown  in  Figs.  1,  2,  and  3. 

TABLE  4.    EXTERNAL  SURFACE  PER  LINEAR  FOOT  OF  COPPER  TUBING 
Outside  diameter  J  in.  greater  than  nominal  size 


TUBE  SIZE 

(INCHES) 

SURFACE  AREA 
(SQ  FT) 

TUBE  SIZE 
(INCHES) 

SURFACE  AREA 
(SQ  FT) 

TUBE  SIZE 
(INCHES) 

SURFACE  AREA 
(SQ  Fir) 

1  4 

0.164 
0.229 
0.295 
0.360 
0.426 

0 

IH 

3M 

0.556 
0.687 
0.818 
,  .  0.949 
1.080 

5 
6 
8 

1.342 
1.604 
2.128 
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TABLE  5.    AREA  OF  FLANGED  FITTINGS,  SQUARE 


NOMINAL 

FLANGED 
COUPLING 

90  DEG  ELL 

LONG  RADIUS 
ELL 

TEE 

CROSS 

PIPE  SIZE 

(INCHES) 

Standard 

Extra 
Heavy 

Standard 

Extra 
Heavy 

Standard 

Extra 
Heavy 

Standard 

Extra 
Heavy 

Standard 

Extra 
Heavy 

1 

0.320 

0.43S 

0.795 

1.015 

0.892 

1.  083 

1.235 

1.575 

1.622 

2.07 

0.383 

0.510 

0.957 

1.098 

1.0S4 

1.340 

1.481 

1.925 

1.943 

2.53 

JL< 

0.477 

0.727 

1.174 

1.332 

1.337 

1.874 

1.815 

2.68 

2.38 

'3.54 

2 

0.672 

0.848 

1.65 

2.01 

1.84 

2.16 

2.54 

3.09 

3.32 

4.06 

2H 

O.S41 

1.107 

2.09 

2.57 

2.32 

2.76 

3.21 

4.05 

4.19 

5.17 

3 

0.945 

1.484 

2.38 

3.49 

2.68 

3.74 

3.66 

5.33 

4.77 

6.95 

3M 

1.122 

1.644 

2.98 

3.96 

3.28 

4.28 

4.48 

6.04 

5.83 

7.89 

4 

1.344 

1.914 

3.53 

4.64 

3.96 

4.99 

5.41 

7.07 

7.03 

9.24 

4M 

1.474 

2.04 

3.95 

5.02 

4.43 

5.46 

6.07 

7.72 

7.87 

10.07 

1.622 

2.18 

4.44 

5.47 

5.00 

6.02 

6.81 

8.52 

8.82 

10.97 

6 

1.82 

2.78 

5.13 

6.99 

5.99 

7.76 

7.84 

10.64 

10.08 

13.75 

8 

2.41 

3.77 

6.98 

9.76 

8.56 

11.09 

10.55 

14.74 

13.44 

18.97 

10 

3.43 

5.20 

10.18 

13.58 

12.35 

15.60 

15.41 

20.41 

19.58 

26.26 

12 

4.41 

6.71 

13.08 

17.73 

16.35 

18.76 

19.67 

26.65 

24.87 

34.11 

ft  Including  areas  of  accompanying  flanges  bolted  to  the  fitting. 

Standard  thicknesses  of  85  per  cent  magnesia  pipe  covering  are  not 
exactly  1  in.  However,  the  loss  through  any  given  thickness  of  insulation 
can  be  obtained  by  interpolation.  Also,  the  losses  through  any  of  the 
insulations  given  in  Table  6  can  be  obtained  by  multiplying  the  losses 
obtained  from  Figs.  1,  2,  or  3  by  the  factors  given  in  Table  7. 
Pipes  operating  at  high  temperatures  are  frequently  insulated  to  the 


TABLE  6.    THERMAL  CONDUCTIVITY  (k)  OP  YABIOUS  TYPE  PIPE  INSOLATIONS 

FOE  MEDIUM  AND  HIGH  TEMPERATURE  PIPE& 

Expressed  in  Btu  per  (hour)  (square  foot)  (Fahrenheit  degree  temperature  difference 

per  inch) 


TYPES  OF  INSULATING  MATERIALS 

DENSITY 

TEMP.  KANGE 
OP  ACCEPTED 

MEA] 

^TEM 

PEBATT 

JBE,  F 

DEG 

LB/CTJ  FT 

USE 

100 

200 

300 

400 

500 

85%  Magnesia  —  Type  

12-14 

Up  to  600   F 

0.39 

0.45 

0  51 

Corrugated  Asbestos—  Type 

11-13 

Up  to  300   F 

0.57 

0.68 

0.80 

6  Ply  per  1  in  

15-17 

Up  to  300    F 

0.51 

0.59 

0.69 

8  Ply  per  1  in  

18-20 

Up  to  300    F 

0.49 

0.57 

0  65 

Laminated  Asbestos  —  Type 
(35-40  laminations  per  1  in.  .)  
Mineral  Wool—Type    

30-35 
10-15 

Up  to  700    F 
Up  to  800    F 

0.39 
0.40 

0.44 
0.45 

0.49 
0.50 

0.54 
0.55 

Diatomaceous  Silica  —  Type 

25-30 

Up  to  1900  F 

0  63 

0  66 

0  69 

0  72 

0  75 

Brown  Asbestos  Fiber—  Type  

13-15 

Up  to  1200  F 

0.34 

0.39 

0.44 

0.49 

O.o4 

a  Average  values  from  laboratories  for  insulating  materials  of  various  manufacturers. 


TABLE  7.    PIPE  COVERING  FACTORS 


TYPES  OF  INSULATING  MATEBIALS 


100 

200 

300 

400 

500 

Corrugated  Asbestos  —  Type 
4  ply  per  1  in.            

1.30 

1.36 

1.42 

6  Ply  per  1  in  

1.19 

1  23 

1.27 

8  Ply  per  1  in  

1.15 

1.19 

1.23 

Laminated  Asbestos  —  Type  ,....,  

0,96 

0  98 

1.00 

1.02 

1.04 

Mineral  Wool  —  Type    

0.98 

1  00 

1  02 

1  05 

1  07 

Diatomaceous  Silica  —  Type    

1.37 

1.36 

1.35 

1.35 

1  34 

Brown  Asbestos  Fiber  —  Type  .  .        .    . 

0.86 

0  88 

0  91 

0  93 

0.96 

TEMPEBATTJBE  DIFFEHENCE,  PIPE  TO  AIR,  F  DEG 
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best  advantage  by  combining  a  high  temperature  insulation  near  the 
pipe  with  a  moderate  or  low  temperature  insulation  around  it  as  an  outer 
layer.  By  this  method  an  efficient  material  may  be  used  for  each  of  the 
two  temperature  ranges  encountered.  In  calculating  the  heat  loss 
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40         80         120         160       200        240        280 

TEMP   DIFF    FROM    PIPE    TO   ROOM,  F    DEG 

FIG.  1.  HEAT  Loss  THROUGH  1  IN.  THICK  85  PEB  CENT  MAGNESIA  TYPE 

COVERING 

through  such  a  combination  the  mean  temperature  of  each  layer  must  be 
determined  along  with  the  thickness  of  each.  This  is  readily  done  in 
three  or  four  calculations  performed  as  a  series  of  approximations,  in 
which  assumptions  of  thickness  and  mean  temperature  are  adjusted  as 
indicated  in  the  discussion  which  follows. 
In  the  case  of  a  single  thickness  of  pipe  covering,  the  quantity  of  heat 
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transferred  per  square  foot  of  outer  surface  of  the  insulation  is  given 
by  the  equation: 


go  = 


i  -  fc) 


(1) 


O.I 

40  80          120          160        200        240        280 

TEMP    DIFF    FROM    PIPE    TO    ROOM,    F    DEG 

FIG.  2.  HEAT  Loss  THROUGH  1J  IN.  THICK  85  PER  CENT  MAGNESIA  TYPE 

COVERING 

where 

#o  =  Btu  per  (hour)  (square  foot  of  outer  surface  of  insulation). 

fi  «  outer  radius  of  pipe  or  inner  radius  of  insulation,  inches. 

TZ  «  outer  radius  of  insulation,  inches. 

k  =  thermal  conductivity  of  insulation,  Btu  per  (hour)  (square  foot)  (Fahrenheit 

degree  per  inch). 

ti  «  temperature  of  inner  surface  of  insulation,  Fahrenheit  degrees. 
t%  *  temperature  of  outer  surface  of  insulation,  Fahrenheit  degrees. 

It  is  convenient  to  work  from  the  outer  surface  of  the  insulation,  since 
the  loss  through  the  covering  must  be  determined  from  the  outer  surface 
loss  by  means  of  surface  loss  curves  such  as  given  in  Fig.  4. 
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After  the  true  heat  loss  is  obtained,  the  loss  per  square  foot  of  pipe 
surface  can  be  calculated  from  the  relationship; 


where 

q{  «o  Btu  per  (hour)  (square  foot  outer  surface  of  pipe)  . 


40  80  120          160        200        240         280 

TEMP    D1FF    FROM     PIPE    TO    ROOM,   F    DEG 

FIG.  3.  HEAT  Loss  THROUGH  2  IN.  THICK  85  PEE  CENT!MAGNESIA  TYPE 

COVEEING 

The  heat  loss  through  two  or  more  thicknesses  of  insulation  applied  to 
a  pipe  can  be  calculated  by  means  of  the  equation : 


,        2 
r,  loge  - 


(2) 


where 

ra  =  outer  radius  of  second  layer  of  insulation,  inches. 
r§  as  outer  radius  of  last  layer  of  insulation,  inches. 

The  method  of  solving  Equation  2,  which  is  the  most  difficult  of  the 
two,  is  given  in  Example  3. 

Example  S.  Compute  the  heat  loss  per  linear  foot  of  pipe  surface  per  hour  from  a 
6-in.  pipe,  insulated  with  a  3-in.  thickness  of  diatomaceous  silica,  and  a  2-in.  thickness 
of  85  per  cent  magnesia.  The  pipe  is  operating  at  a  temperature  of  1200  F  and  is 
exposed  to  a  room  temperature  of  80  F, 
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Solution.  In  figuring  the  heat  loss  from  Equation  2,  it  is  necessary  to  first  make  an 
assumption  for  the  outer  surface  temperature  t*  and  the  temperature  between  the 
diatomaceous  silica  and  85  per  cent  magnesia  insulation,  so  that  the  mean  tempera- 
ture of  each  material  can  be  obtained  and  the  thermal  conductivity  corresponding  to 
the  mean  temperature  of  each  material  substituted  in  the  formula.  First  assume  an 
outer  surface  temperature  of  140  F  and  a  temperature  of  570  F  between  the  two 
materials  corresponding  to  a  mean  temperature  of  (1200  -f  570)  -5-  2  or  885  F  for  the 
diatomaceous  silica  and  (570  -f- 140)  -s-  2  or  355  F  for  the  85  per  cent  magnesia  insula- 
tion. The  conductivities  of  these  two  materials  at  mean  temperatures  of  885  and 
355  F,  interpolated  from  Table  6,  are  0.865  and  0.5  Btu,  respectively. 


80  80  KK)  120          140  ISO 

HEAT  LOSS  BTU    PER   HOUR    PER    SQUARE     FOOT 


FIG,  4.  HEAT  Loss  FROM  CANVAS-COVBBED  CYLINDRICAL  SURFACES  OF 
VARIOUS  DIAMETERS 


These  values  are  substituted  in  Equation  2  and  a  trial  calculation  made.    For  a 
nominal  6-in.  steel  pipe  rx  =  3.312,  r2  =  6.312  and  r3  =»  8.312  then, 


1200  -  140 


1060 


"-"••Si 

0.865 


8.312       6.2  4-  4.58 


••  98.3  Btu. 


0.5 


The  temperature  drop  from  the  outer  surface  of  the  insulation  to  the  surrounding 
air  for  a  heat  loss  of  98.3  Btu  is  found  from  Fig.  4  to  be  57  F  for  a  16-in.  O.D.  cylin- 
drical surface,  or  57  +  80  F  room  temperature  =  137  F  surface  temperature.  Since  a 
surface  temperature  of  140  F  was  assumed,  it  is  evident  that  a  temperature  closer  to 
137  F,  or,  for  instance,  138  F  should  be  used  for  recalculation : 


1200  -  138 
6.2  -f-  4.58 


98.4  Btu. 


Since  the  temperature  drop  through  each  material  is  equal  to  the  heat  flow  times  the 
actual  resistance  of  each  material,  the  temperature  drop  through  the  diatomaceous 
silica  is  98.4  X  6.2  =  610  F,  or  the  temperature  between  the  two  insulating  materials 
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is  (1200  —  610)  =  590  F.  Since  a  temperature  of  570  F  between  the  two  materials  was 
assumed,  it  is  obvious  that  a  temperature  closer  to  590,  or  for  instance  586  F  may  be 
selected.  The  mean  temperatures  of  the  two  insulations  corresponding  to  the  new 
assumptions  are  (1200  4-  586)  -r-  2  =  893  and  (586  +  138)  -*-  2  =  362,  and  the  inter- 
polated conductivities  corresponding  to  the  new  mean  temperatures  are  0.87  and 
0.505  for  the  diatornaceous  silica  and  85  per  cent  magnesia,  respectively.  By  sub- 
stituting in  Equation  2: 

1200  -  138  1062 


gjg 

0.87       0.505 

Again  referring^to  Fig.  4,  it  is  seen  that  the  temperature  drop  from  the  outer  sur- 
face of  the  insulation  to  the  surrounding  air  for  a  heat  loss  of  99.3  Btu  =  58  F,  which 
corresponds  to  the  surface  temperature  of  138  F  last  assumed.  The  temperature 
drop  through  the  diatomaceous  silica  is  99.3  X  6.16  —  612  F,  corresponding  to  a 
temperature  of  588  F  between  the  two  materials,  which  checks  very  closely  with  the 
temperature  of  585  F  last  assumed.  The  heat  loss  is  therefore  99.3  X  8.312  -r-  3.312 
or  249  Btu  per  sq  ft  of  pipe  surface.  Since  the  surface  area  per  linear  foot  of  6-in. 
pipe  is  1.734  sq  ft  (Table  3),  the  heat  loss  per  linear  foot  of  pipe  will  be  249  X  1.734 
=  432  Btu  per  hr. 

The  rate  of  heat  loss  from  a  surface  maintained  at  constant  temperature 
is  greatly  increased  by  air  circulation  over  the  surface.  In  the  case  of 
well-insulated  surfaces,  the  Increases  in  losses  due  to  air  velocity  are  very 
small  as  compared  with  increases  from  bare  surfaces,  because  of  the  fact 
that  air  flowing  over  the  surface  of  the  insulation  can  increase  only  the 
conductance  of  heat  from  surface  to  air,  and  cannot  change  the  internal 
conductance  of  the  insulation  itself.  The  maximum  increase  in  heat  loss 
due  to  air  velocity  ranges  from  about  15  per  cent  in  the  case  of  1-in.  thick 
insulation,  to  about  5  per  cent  in  the  case  of  3-in.  thick  insulation,  pro- 
vided that  the  insulation  is  thoroughly  sealed  so  that  air  can  flow  only 
over  the  surface.  If  the  conditions  are  such  that  the  air  may  circulate 
through  cracks  and  crevices  in  the  insulation,  the  increases  may  be  far 
greater  than  those  given.  Therefore,  it  is  essential  that  insulation  be 
applied  in  such  a  manner  that  air  circulation  within  it,  or  between  it  and 
the  pipe,  is  avoided. 

Fig.  4  shows  the  loss  of  heat  from  canvas-covered,  cylindrical  surfaces 
of  various  outside  diameters  when  the  surface  to  air  temperature  difference 
is  low.  The  data  are  from  tests  made  at  Mellon  Institute. 

The  frequent  practice  of  omitting  insulation  on  that  portion  of  a  pipe 
which  passes  through  a  masonry  wall,  or  which  may  be  in  contact  with 
other  metals,  should  be  avoided.  Physical  contact  between  the  pipe 
surface  and  other  structural  materials  of  high  thermal  conductivity  will 
result  in  heat  transfer  much  greater  than  that  shown  in  Tables  1  and  2 
for  transfer  from  bare  pipe  to  air. 

The  saving  due  to  use  of  insulation  on  piping  is  illustrated  in  Example  4> 

Example  4-  If  the  steam  line  given  in  Examples  1  and  8  is  covered  with  1  in.  thick 
85  per  cent  magnesia,  determine  the  resulting  total  annual  loss  through  the  insulation. 
Also  compute  the  monetary  value  of  the  annual  saving  and  the  percentage  of  saving 
over  the  heat  loss  from  the  bare  pipe. 

Solution.  By  referring  to  Fig.  1,  the  coefficient  for  1  in.  magnesia  on  a  2-in.  pipe  is 
found  to  be  0.300  Btu  per  (hr)  (linear  ft  of  pipe)  (deg  temperature  difference)  at  a 
temperature  difference  of  169.4  F.  The  total  hourly  loss  per  linear  foot  of  pipe  will 
then  be  0.300  X  169.4  =  50.8  Btu.  The  total  annual  loss  through  the  insulation  = 
50.8  X  JL65  (linear  ft)  X  4000  (hr)  •»  33,500  Mb.  The  annual  bare  pipe  loss  as  deter- 
mined in  the  solution  of  Example  1  was  found  to  be  181,600  Mb.  The  saving  due  to 
insulation  is  then  181,600  —  33,500  =  148,100  Mb  per  year. 

From  the  solution  of  Example  %,  it  was  found  that  the  heat  supplied  to  the  system 
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cost  $0.804  per  thousand  Mb.  Therefore,  the  monetary  value  of  the  saving  —  0.804 
(dollars)  X  148.1  (thousand  Mb)  =  §119.07,  or  81.5  per  cent  of  the  cost  when  using 
uninsulated  pipe. 

LOW  TEMPERATURE  PIPE  INSULATION 

Surfaces  maintained  at  temperatures  lower  than  the  surrounding  air 
are  insulated  to  reduce  the  flow  of  heat  and  to  prevent  condensation. 


TEMPERATURE  DIFFERENCE 
AIR  TO  PIPE-°F 


1/2 


a  Solve  problems  as  indicated  by  dotted  line,  entering  chart  at  lower  left-hand  scale. 

FIG.  5.  THICKNESS  OF  PIPE  INSULATION  TO  PREVENT  CONDENSATION  ON 

OUTER  SURFACE* 

The  insulating  material  should  absorb  a  minimum  amount  of  moisture, 
because  the  absorption  of  moisture  substantially  increases  the  con- 
ductivity of  the  material.  This  property  is  particularly  important  in  the 
insulation  of  surfaces  that  are  below  the  dew-point  of  the  surrounding  air. 
In  such  cases,  due  to  vapor  pressure  difference,  it  is  necessary  to  seal  the 
surface  of  the  insulating  material  against  the  penetration  of  water  vapor 
which  would  condense  within  the  material,  causing  a  serious  increase  in 
heat  flow,  possible  breakdown  of  the  material,  and  corrosion  of  metal 
surfaces.  An  insulating  material  with  a  high  degree  of  moisture  absorp- 
tion might  pick  up  moisture  before  application  and  then,  when  the  seal  is 
in  place  and  the  temperature  of  the  insulated  surface  reduced,  release  that 
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moisture  to  the  cold  surface.  There  are  a  number  of  methods  of  pro- 
ducing vapor  seals,  ^some  of  which  have  been  worked  out  by  insulation 
manufacturers  to  suit  their  products,  and  others  by  applicators  and  users. 
Unless  time-proven  methods  are  known,  specifications  of  insulation 
manufacturers  should  be  obtained  and  followed  carefully. 

The  thickness  of  insulation  required  to  prevent  condensation  on  the 
outer  surface  is  that  thickness  which  will  raise  the  temperature  of  the 
outer  surface  of  the  insulation  to  a  point  slightly  higher  than  the  dew- 
point  of  the  surrounding  vapor.  The  dew-point  for  various  humidities 
can  be  readily  ascertained  from  a  psychrometric  chart. 

The  approximate  required  thickness  of  insulation  to  prevent  conden- 
sation on  pipes  and  flat  metallic  surfaces  may  be  obtained  from  Fig.  5  in 

TABLE  8.    HEAT  GAINS  FOR  INSULATED  COLD  PIPES 

Rates  of  heat  transmission  given  in  Btu  per  (hour)  (Fahrenheit  degree  temperature 
difference  between  fluid  in  pipe  and  surrounding  still  air) 

Based  on  materials  having  conductivity,  k  =  O.SO 


ICE  WATER  THICKNESS 

BRINE  THICKNESS 

HEAVY  BRINE  THICKNESS 

NOMINAL 

PIPE 

SIZE 
(INCHES) 

Thickness 
of 
Insulation 
(Inches) 

Btu  Per 
Linear 
Foot 

Btu  Per 
SqFt 
Pipe 
Surface 

Thickness 
of 
Insulation 
(Inches) 

Btu  Per 
Linear 
Foot 

Btu  Per 
SqFt 
Pipe 
Surface 

Thickness 
of 
Insulation 
(Inches) 

Btu  Per 
Linear 
Foot 

Btu  Per 
SqFt 
Pipe 
Surface 

M 

1.5 

0.110 

0.502 

2.0 

0.098 

0.446 

2.8 

0.087. 

0.394 

54 

1.5 

0.119 

0.431 

2.0 

0.111 

0.405 

2.9 

0.094 

0.340 

1 

1.6 

0.139 

0.403 

2.0 

0.124 

0.352 

3.0 

0.104 

0.294 

1V^ 

1.6 

0.155 

0.357 

2.4 

0.131 

0.300 

3.1 

0.113 

0.260 

13^ 

1.5 

0.174 

0.351 

2.5 

0.134 

0.270 

3.2 

0,118 

0.238 

2 

1.5 

0,200 

0.322 

2.5 

0.151 

0.244 

3.3 

0.134 

0.214 

2^ 

1.5 

0.228 

0.303 

2.6 

0,170 

0.226 

3.3 

0.147 

0.197 

3 

1.5 

0.269 

0.293 

2.7 

0.186 

0.202 

3.4 

0.162 

0.176 

3K 

1.5 

0.295 

0,282 

2.9 

0.191 

0.183 

3.5 

0,176 

0.167 

1.7 

0.294 

0.248 

2.9 

0.209 

0.176 

3.7 

0.182 

0.154 

5 

1,7 

0.349 

0.239 

3.0 

0.241 

0.165 

3.9 

0.202 

0.138 

6 

1.7 

0.404 

0.233 

3.0 

0.259 

0.150 

4.0 

0.228 

0.130 

8 

1.9 

0.455 

0.201 

3.0 

0.318 

•    0.140 

4.0 

0.263 

0.116 

10 

1.9 

0.559 

0.198 

3.0 

0.383 

0,135 

4.0 

0.309 

0.110 

12 

1.9 

0.648 

0.194 

3.0 

0.438 

0.131 

4.0 

0.364 

0.108 

which  a  surface  resistance  of  0.606,  corresponding  to  a  film  conductance  of 
1.65,  was  used  in  calculating  the  curves.  This  value  provides  a  slight 
factor  of  safety  and  its  use  is  known  to  give  satisfactory  field  results. 
In  using  the  chart  it  is  advisable  to  specify  the  next  thicker,  rather  than 
the  next  thinner,  commercial  insulation  in  cases  where  an  intermediate 
thickness  is  indicated. 

Heat  gains  for  pipes  insulated  with  a  material  having  an  installed 
conductivity  of  0.30  Btu  per  (sq  ft)  (hr)  (F  deg  per  in.)  are  given  in  Table 
8.  This  table  may  be  used  for  any  of  the  commercial  insulations  offered 
for  this  purpose  since  they  have  conductivities  very  near  the  0.3  value 
used. 

INSULATION  OF  PIPES  TO  PREVENT  FREEZING 

If  the  surrounding  air  temperature  remains  sufficiently  low  for  an  ample 
period  of  time,  insulation  cannot  prevent  the  freezing  of  still  water,  or  of 
water  flowing  at  such  a  velocity  that  the  quantity  of  heat  carried  in  the 
water  is  not  sufficient  to  take  care  of  the  heat  losses  which  will  result  and 
cause  the  temperature  of  the  water  to  be  lowered  to  the  freezing  point. 
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Insulation  can  materially  prolong  the  time  required  for  the  water  to  give 
up  its  heat,  and  if  the  velocity  of  the  water  flowing  in  the  pipe  is  main- 
tained at  a  sufficiently  high  rate,  freezing  may  be  prevented. 

Table  9  may  be  used  for  making  estimates  of  the  thickness  of  insu- 
lation necessary  to  take  care  of  still  water  in  pipes  at  various  water  and 
surrounding  air  temperature  conditions.  Because  of  the  damage  and 
service  interruptions  which  may  result  from  frozen  water  in  pipes,  it  is 
essential  that  an  efficient  insulation  be  utilized.  This  table  is  based  on 
the  use  of  a  material  having  a  conductivity  of  0.30.  The  initial  water  tem- 
perature is  assumed  to  be  10  deg  above,  and  the  surrounding  air  temperature 
50  deg  below  the  freezing  point  of  water  (temperature  difference,  60  F). 

The  last  column  of  Table  9  gives  the  minimum  quantity  of  water  at 
initial  temperature  of  42  F  which  should  be  supplied  every  hour  for  each 
linear  foot  of  pipe,  in  order  to  prevent  the  temperature  of  the  water  from 


TABLE  9.    DATA  FOB  ESTIMATING  REQUIREMENTS  TO  PEEVENT  FBEEZING  OF 
WATSR  IN  PIPES  WITH  SUBKOTJNDING  AIR  AT  -18  E 


NOMINAL 
PIPE 

NUMBER  OF  HOURS  TO  COOL  42  F 
WATER  TO  FREEZING  POINT 

WATER  FLOW  REQUIRED  AT  42  F  TO 
PREVENT  FREEZING,  POUNDS  PER 

(INCHES) 

LINEAR  FOOT  OF  PIPE  PER  HOUR 

Thickness  of  Insulation  in  Inches  (Conductivity,  k  =  0.30) 

2 

3 

4 

2 

3 

4 

H 

0.42 

0.50 

0.57 

0.54 

0.45 

0.40 

i 

0.83 

1.02 

1.16 

0.68 

0.55 

0.48 

iM 

1.40 

1.74 

2.02 

0.84 

0.6S 

0,58 

2 

1.94 

2.48 

2.00 

0.95 

0.75 

0.64 

3 

3.25 

4.27 

5.08 

1.24 

0.04 

0.79 

4 

4.55 

6.02 

7.20 

1.47 

1.11 

0.93 

5 

5.92 

7.96 

9.69 

1.73 

1.29 

1.06 

6 

7.35 

9.88 

12.20 

1.98 

1.46 

1.19 

S 

10.05 

13.90 

17.25 

2.46 

1.78 

1.43 

10 

13.00 

18.10 

22.70 

2.96 

2.12 

1.70 

12 

15.80 

22.20 

28.10 

3.43 

2.45 

1.93 

being  lowered  to  the  freezing  point.  The  weights  given  in  this  column 
should  be  multiplied  by  the  total  length  of  the  exposed  pipe  line  expressed 
in  feet.  As  an  additional  factor  of  safety,  and  in  order  to  provide  against 
temporary  reductions  in  flow  occasioned  by  reduced  pressure,  it  is  ad- 
visable to  double  the  rates  of  flow  listed  in  the  table.  It  must  be  empha- 
sized that  the  flow  rates  and  periods  of  time  designated  apply  only  for  the 
conditions  stated.  To  estimate  for  other  service  conditions,  the  following 
method  of  procedure  may  be  used. 

If  water  enters  the  pipe  at  52  F  instead  of  42  F,  the  time  required  to 
cool  it  to  the  freezing  point  will  be  prolonged  to  twice  that  given  in  the 
table,  or  the  rate  of  flow  of  water  may  be  reduced  so  that  the  quantity 
required  will  be  one-half  that  shown  in  the  last  column  of  Table  9. 
However,  if  the  water  enters  the  pipe  at  34  F,  it  will  be  cooled  to  32  F  in 
one-fifth  of  the  time  given  in  the  table.  It  will  then  be  necessary  to 
increase  the  rate  of  flow  so  that  five  times  the  specified  quantity  of  water 
will  have  to  be  supplied  in  order  to  prevent  freezing, 

If  the  minimum  air  temperature  is  —  38  F  (temperature  difference  80  F) 
instead  of  —18  F,  the  time  required  to  cool  the  water  to  the  freezing  point 
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will  be  60/80  of  the  time  given  in  the  table,  or  the  necessary  quantity  of 
water  to  be  supplied  will  be  80/60  of  that  given. 

In  making  calculations  to  arrive  at  the  values  given  in  Table  9,  the 
loss  of  heat  stored  in  the  insulation,  the  effect  of  a  varying  temperature 
difference  due  to  the  cooling  of  pipe  and  water,  and  the  resistance  of 
the  outer  surface  of  the  insulation  to  the  transfer  of  heat  to  the  air,  have 
all  been  neglected.  When  these  factors  enter  into  the  computations  it  is 
necessary  to  enlarge  the  factor  of  safety.  Also  as  stated,  the  time  shown 
in  the  table  is  that  required  to  lower  the  water  to  the  freezing  point*  A 
longer  period  would  be  required  to  freeze  the  water,  but  the  danger  point 
is  reached  when  freezing  starts.  The  flow  of  water  will  stop  and  the  entire 
line  will  be  in  danger  as  soon  as  the  water  freezes  across  the  section  of  the 
pipe  at  any  point. 

When  water  must  remain  stationary  longer  than  the  times  designated 
in  Table  9,  the  only  safe  way  to  insure  against  freezing  is  to  install  a 
steam  or  hot  water  line,  or  to  place  an  electric  resistance  heater  along  the 

TABLE  10.    THICKNESS  OP  PIPE  INSULATION  OEDINABILY  USED  INDOOES* 


THICKNESS  OF  INSULATION 

STEAM  PRESSURE 

STEAM  TEMPERATURE 

PSIG 

FAHRENHEIT 

OR  CONDITION 

DEGREES 

Pipes  Larger 
Than  4  In. 

Pipes 
2  In.  to 
4  In. 

Pipes 
M  In. 
to  1M  la. 

Oto25 

212  to  267 

lin. 

lin. 

lin. 

25  to  100 
100  to  200 
Low  Superheat 

267  to  338 
338  to  388 
388  to  500 

IK  in. 
2  in. 
2^in. 

1  in. 
IHin. 

2  in. 

I  in. 
lin. 
IHin. 

Medium  Superheat 

500  to  GOO 

Sin. 

2Kin, 

2  in. 

High  Superheat 

600  to  700 

3J*  in. 

8  in. 

2  in. 

a  All  piping  located  outdoors  or  exposed  to  weather  is  ordinarily  insulated  to  a  thickness  J  in.  greater  than 
shown  in  this  table,  and  covered  with  a  waterproof  jacket. 


side  of  the  exposed  water  line.  The  heating  system  and  the  water  line  are 
then  insulated  so  that  the  heat  losses  from  the  heating  system  are  not 
excessive,  and  the  heating  effect  is  concentrated  against  the  water  pipe 
where  it  is  needed.  For  this  form  of  protection  2  in.  of  an  efficient  insu- 
lation may  be  applied. 

ECONOMICAL  THICKNESS  OF  PIPE  INSULATION 

The  thicknesses  of  insulation  which  ordinarily  are  used  for  various 
temperature  conditions  are  given  in  Table  10.  Where  a  thorough  analysis 
of  economic  thickness  is  desired,  this  may  be  accomplished  through  the 
use  of  the  chart,  Fig.  6. 

The  dotted  line  on  the  chart  illustrates  its  use  in  solving  a  typical 
example.  In  using  the  chart,  start  with  the  scale  at  the  left  bottom 
margin  representing  the  given  number  of  hours  of  operation  per  year; 
then  proceed  vertically  to  the  line  representing  the  given  value  of  heat; 
thence  horizontally  to  the  right,  to  the  line  representing  the  given  tem- 
perature difference;  thence  vertically  to  the  line  representing  the  con- 
ductivity of  the  given  material ;  thence  horizontally  to  the  left,  to  the  line 
representing  the  given  discount  on  that  material;  thence  vertically  to 
the  curve  representing  the  required  per  cent  return  on  the  investment; 
thence  horizontally  to  the  right,  to  the  curve  representing  the  given  pipe 
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FIG.  Q.  CHART  FOB  DETERMINING  ECONOMICAL  THICKNESS  OF  PIPE  INSULATION 
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size;  thence  vertically  to  the  scale  at  the  top  right  margin  where  the 
economical  thickness  may  be  read  off  directly. 

A  rapid  method  for  determining  the  economical  thickness  of  insulation 
by  use  of  tables  has  been  published.2 

UNDERGROUND  PIPE  INSULATION 

Underground  steam  distribution  lines  are  carried  in  protective  struc- 
tures of  various  types,  sizes  and  shapes  (See  Chapter  28).  Detailed  data 
on  commonly  used  forms  of  tunnels  and  conduit  systems,  have  been 
published  by  the  National  District  Heating  Association? 

Pipes  in  tunnels  are  covered  with  sectional  insulation  to  provide 
maximum  thermal  efficiency,  and  are  also  finished  with  good  mechanical 
protection  in  the  form  of  metal  or  waterproofing  membrane  outer  jackets. 
In  some  instances,  where  actual  submersion  of  hot  lines  may  occur,  it  has 
been  found  good  practice  to  firmly  secure  the  covering  with  corrosion 

TABLE  11.    THICKNESS  OF  LOOSE  INSULATION  FOR  USE  AS  FILL  IN 
UNDERGROUND  CONDUIT  SYSTEMS 


MINIMUM  THICKNESS  OF  INSULATION  IN  INCHES 

MINIMUM 

PRESSURE 

PSIQ 

TEMPERATURE 
FAHRENHEIT 

STEAM  LINES 

RETURN  LINES 

BETWEEN 
STEAM 

Pipes  Less 
than  4  In. 

Pipes  4  In. 
to  10  In. 

Pipes  Larger 
than  12  In. 

Pipes  Less 
than  4  In. 

Pipes  4  In. 
and  Larger 

RETURN 

Hot  Water, 

or  0  to  25 

212  to  267 

1J/2 

2 

2^2 

IJi 

1J^ 

1 

25  to  125 

267  to  352 

2 

2^ 

3 

1?4 

l/^ 

i/€ 

Above  125,  or 

superheat 

352  to  500 

m 

3 

m 

1M 

ix 

ix 

resistant  wire,  then  sew  on  a  wire-inserted  asbestos  fabric  jacket  with 
wire.  This  jacket  is  porous.  The  principle  of  withstanding  submersion 
is  that  water  may  enter  as  water,  then  actually  boil  at  the  pipe  surfaces 
and  escape  as  steam  without  rupturing  the  insulation  or  jacket.  Conduit 
systems  are  in  more  general  use  than  tunnels.  Pipes  carried  in  conduits 
may  be  ^insulated  with  sectional  insulation;  however,  the  more  usual 
practice  is  to  fill  the  entire  section  of  the  conduit  around  the  pipes  with 
high  quality,  loose  insulating  material.  The  insulation  must  be  kept  dry 
at  all  times,  and  for  this  purpose  effective  waterproofing  membranes 
enclose  the  insulation.  A  drainage  system  is  also  provided  to  divert  water 
which  may  tend  to  enter  the  conduit. 

The  economical  thickness  of  insulation  for  underground  work  is  difficult 
to  determine  accurately  due  to  the  many  variables  which  have  to  be 
considered.  As  a  result  of  theories4  previously  developed,  together  with 
other  experimental  data  which  have  been  presented,  the  usual  endeavor 
is  to  secure  not  less  than  90  per  cent  efficiency  for  underground  piping. 
Table  11  can  be  used  as  a  guide  in  arriving  at  the  minimum  thickness  of 
loose  insulation  fills  to  use  for  laying  out  conduit  systems.  Other  factors 
such  as  the  number  of  pipes  and  their  combination  of  sizes,  as  well  as  the 
standard  conduit  sizes,  are  primary  controlling  factors  in  the  amount  and 
thickness  of  insulation  for  use. 

When  sectional  insulation  is  applied  to  lines  in  tunnels  or  conduits, 
usual  practice  is  to  apply  the  most  efficient  materials  J  in.  less  in  thick- 
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ness  than  that  determined  by  the  use  of  Fig.  6.  The  data  in  Fig.  6  are 
based  on  conditions  of  insulation  exposed  to  the  air,  whereas  normal 
ground  temperature  is  substituted  for  air  temperature  in  determining  the 
temperature  difference  for  use  with  the  chart  when  applying  it  for  under* 
ground  pipe  line  estimates. 
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CHAPTER  28 

DISTRICT  HEATING 

Steam  Distribution  Piping,  Selection  of  Pipe  Sizes,  Conduits  for  Piping,  Pipe 

Tunnels,   Overhead  Distribution,   Inside  Piping,  Metering,   Steam 

Requirements,  Rates 

THE  term  district  heating  refers  to  the  heating  of  several  buildings  from 
a  central  plant  as  In  the  heating  of  portions  of  cities,  or  to  the  heating 
of  groups  of  buildings  as  in  institutions  and  factories.  It  is  usually  prefer- 
able, in  a  group  of  industrial  or  institutional  buildings,  that  they  be  heated 
from  a  central  plant  rather  than  by  individual  plants.  Fuel  can  generally 
be  burned  more  efficiently,  less  labor  is  required,  and  often  a  central  plant 
is  cheaper  to  install.  Those  phases  of  district  heating  which  frequently  fall 
within  the  province  of  the  heating  engineer  are  outlined  here  with  data  and 
information  for  solving  incidental  problems  in  connection  with  institutions 
and  factories.  Some  data  are  included  to  cover  the  piping  peculiar  to  heat- 
ing systems  which  are  to  be  supplied  with  purchased  steam.  A  complete 
district  heating  installation  should  not  be  attempted  without  a  thorough 
study  of  the  entire  problem  by  men  competent  and  experienced  in  that 
industry. 

STEAM  DISTRIBUTION  PIPING 

The  methods  used  in  district  heating  work  for  the  distribution  of  steam 
are  applicable  to  any  problem  involving  the  supply  of  steam  to  a  group  of 
buildings.  The  first  step  is  to  establish  the  route  of  the  pipes,  and  in  this 
matter  since  the  local  conditions  control  the  layout  little  can  be  said  re- 
garding it. 

Having  established  the  route  of  the  pipes,  the  next  step  is  to  calculate 
the  pipe  sizes.  In  district  heating  work  it  is  common  practice  to  design 
the  piping  system  on  the  basis  of  pressure  drop.  The  initial  pressure  and 
the  minimum  permissible  terminal  pressure  are  specified,  and  the  pipe  sizes 
are  so  chosen  that  the  required  amount  of  steam,  with  suitable  allowances 
for  future  increases,  will  be  transmitted  without  exceeding  this  pressure 
drop.  The  steam  velocity  is  therefore  almost  disregarded  and  may  reach 
a  very  high  figure.  Velocities  of  35,000  fpm  are  not  considered  high.  By 
the  use  of  this  method  the  pipe  sizes  are  kept  to  a  minimum  with  conse- 
quent savings  in  investment. 

The  steam  flowing  through  any  section  of  the  piping  can  be  computed 
from  a  study  of  the  requirements  of  the  several  buildings  served.  In 
general  a  condensation  rate  of  0.25  Ib  per  (hr)  (sq  ft  of  equivalent  direct 
radiation)  is  a  safe  figure.  This  allows  for  line  condensation  which,  how- 
ever, is  a  small  part  of  the  total  at  times  of  maximum  load.  Miscellaneous 
steam  requirements  such  as  laundry,  cooking,  or  process  should  be  indi- 
vidually calculated.  The  steam  requirements  for  water  heating  should 
be  taken  into  account,  but  in  most  types  of  buildings  this  load  will  be 
relatively  small  compared  with  the  heating  load  and  will  seldom  occur  at 
the  time  of  the  heating  peak.  Unusual  features  such  as  large  heaters  for 
swimming  pools  should  not  be  overlooked. 

The  pressure  at  which  the  steam  is  to  be  distributed  will  depend  upon 
(1)  boiler  pressure,  (2)  whether  exhaust  or  live  steam,  (3)  pressure  require- 
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ments  of  apparatus  to  be  served.  If  steam  lias  been  passed  through  elec- 
trical generating  units,  the  pressure  will  be  considerably  lower  than  if  live 
steam,  direct  from  the  boilers,  is  used. 

The  advantages  of  low  pressure  distribution  (2  to  SO  psi)  are :  (1 )  smaller 
heat  loss  per  square  foot  of  pipe  surface,  (2)  less  trouble  with  traps  and 
valves,  (3)  simpler  problems  in  pressure  reduction  at  the  buildings,  and 
(4)  general  reduction  In  maintenance  costs.  With  distribution  pressures 
not  exceeding  40  psi  there  is  little  danger  even  if  the  full  distribution  pres- 
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FIG.  1.  CONSTRUCTION  DETAILS  OP  CONDUITS  COMMONLY  USED 

sure  should  build  up  ha  the  radiators  through  the  faulty  operation  of  a 
reducing  valve ;  but  with  pressures  higher  than  50  psi  a  second  reducing 
valve  or  some  form  of  emergency  relief  is  usually  desirable  to  prevent  ex- 
cessive pressures  in  the  radiators. 

The  advantages  of  high  pressure  distribution  are:  (1)  smaller  pipe  sizes 
and  (2)  greater  adaptability  of  the  steam  to  various  operations  other  than 
building  heating,  (3)  wider  flexibility  as  to  allowance  for  maximum  pres- 
sure drop  and  ability  to  serve  equipment  requiring  higher  pressures. 

Frequently  the  different  kinds  of  apparatus  which  must  be  served  require 
various  minimum  pressures.  Kitchen  equipment  requires  from  5  to  15 
psi,  the  higher  pressures  being  necessary  for  apparatus  in  which  water  is 
boiled,  such  as  stock  kettles  and  coffee  urns.  An  increased  amount  of 
heating  surface,  which  is  easily  obtained  in  some  kinds  of  apparatus,  re- 
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suits  ill  quicker  and  more  satisfactory  operation  at  low  pressures.  For 
laundry  equipment,  particularly  the  mangle,  a  pressure  of  75  psi  is  usually 
demanded,  although  30  psi  is  sufficient  if  the  flat  work  ironer  is  equipped 
with  a  large  number  of  rolls  and  if  a  slower  rate  of  operation  is  permissible. 
Pressing  machines  and  hospital  sterilizers  require  about  50  psi.  Where 
pressures  are  not  as  high  as  desired  higher  pressures  can  be  obtained  by  a 
steam  compressor. 

PIPE  SIZES 

The  lengths  of  pipe,  steam  quantities,  and  initial  and  terminal  pressures 
having  been  chosen,  the  pipe  sizes  can  readily  be  calculated  by  means  of 
Babcoek's  pressure  drop  formula  : 


/        3  6\  W*T 
P  =  0.0000000367  I  1  +  ^  1  -~  ;f 


W  «  5220 


Numerical  values  of  the  various  factors  are  given  in  Table  2,  Chapter  20. 

CONDUITS  FOR  PIPING 

Conduits  for  steam  pipes  buried  underground  should  be  reasonably 
waterproof,  able  to  withstand  earth  loads  and  to  take  care  of  the  expansion 
and  contraction  of  the  piping  without  strain  or  stress  on  the  couplings,  or 
without  affecting  the  insulation  or  conduit.  Expansion  of  the  piping  must 
be  carefully  controlled  by  means  of  anchors  and  expansion  joints  or  bends 
so  that  the  pipes  can  never  come  in  contact  with,  the  conduit.  Anchors 
can  be  anchor  fittings  or  U-shaped  steel  straps  which  partially  encircle  the 
pipes  and  are  firmly  bolted  to  a  short  length  of  structural  or  cast  steel  set  in 
concrete.  In  general,  cast  steel  is  preferable  to  structural  steel. 

Important  points  in  laying  out  underground  conduits  are  : 

1.  The  depth  of  the  buried  conduit  should  be  kept  at  a  minimum.    Excavation 
costs  are  a  large  factor  in  the  total  cost. 

2.  An  expansion  joint,  offset,  or  bend  should  be  placed  between  each  two  anchors. 
Advantage  should  be  taken  of  the  flexibility  of  piping  to  absorb  expansion  wherever 
possible.    Information  on  provisions  for  expansion  will  be  found  in  Chapter  26. 

3.  A  proper  hydrostatic  test  should  be  made  on  the  assembled  line  before  the 
insulation  and  the  top  of  the  conduit  are  applied.    The  hydrostatic  test  pressure 
should  be  one  and  one-half  times  the  maximum  service  pressure  and  it  should  be  held 
for  a  period  of  at  least  two  hours  without  evidence  of  leakage. 

There  are  many  types  of  conduits,  some  of  which  are  manufactured 
products  and  some  of  which  are  built  in  the  field.  Some  of  the  more  com- 
mon forms  are  illustrated  in  Fig.  1. 

The  conduit  (A)  is  of  a  wood  casing  construction  which  has  been  widely 
used  in  the  past.  The  wood  casing  is  segmented,  lined  with  tin,  and  bound 
with  wire.  The  outside  of  the  conduit  is  coated  with  asphaltum.  It  is 
not  suitable  for  high  temperatures  or  poorly  drained  soils. 

In  Fig.  1  (B),  (C),  (D),  (H)  and  (I)  are  patented  forms  of  conduits* 
The  insulation  is  sometimes  a  loose  filler  packed  into  the  conduit.  Con- 
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duits  (H)  and  (I)  are  prefabricated.  Both  of  these  conduits  are  enclosed 
In  metal  jackets. 

At  (C)  and  (E)  are  shown  two  tile  conduits  using  sectional  insulation. 
In  these  particular  designs  the  space  surrounding  the  pipe  is  filled  partially 
or  wholly  with  a  loose  insulating  material.  The  addition  of  this  loose  in- 
sulating material  to  the  sectional  insulation  is,  of  course,  optional  and  is 
justified  only  inhere  high  pressure  steam  is  used. 

(E)  and  (F)  are  conduits  used  by  two  district  heating  companies,  and 
have  the  advantage  of  being  constructed  of  common  materials. 

Conduit  (G)  is  of  cast-iron  construction,  assembled  with  lead  joints  and 
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is  water-tight,  if  properly  laid.  It  is  obviously  expensive  and  is  justified 
only  in  exceptional  cases. 

Since  it  is  difficult  to  make  a  concrete  or  masonry  conduit  absolutely 
water-tight,  provision  should  be  made  for  some  seepage.  The  pipe  should 
be  protected  by  a  waterproof  jacket  over  the  insulation,  and  the  seepage 
drained  from  the  inside  of  the  conduit.  Underdrainage  of  the  conduit  is 
generally  provided  for  by  a  tile  drain  laid  in  crushed  stone  or  gravel  under- 
neath the  conduit.  The  tile  underdrain  should  be  carried  to  the  sewer  or 
some  other  drainage  point.  Manholes  are  required  at  intervals  for  access 
to  valves,  traps,  and  some  types  of  expansion  joints. 

Where  steam  and  return  piping  are  installed  in  the  same  conduit,  the 
return  piping  usually  follows  the  same  grade  as  the  steam  piping.  In 
general,  the  condensation  is  pumped  back  under  pressure. 

Where  it  is  possible  to  use  basement  or  sub-sidewalk  space  for  the  distribu- 
tion piping  the  cost  of  installation  and  maintenance  is  greatly  reduced. 
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Where  steam  heating  lines  are  installed  in  tunnels  large  enough  to  pro- 
vide walking  space,  the  pipes  are  supported  by  means  of  hangers  or  roller 
frames  on  brackets  or  frame  racks  at  the  side  or  sides  of  the  tunnel.  The 
pipes  are  insulated  with  sectional  pipe  insulation  over  which  is  placed  a 
sewed-on,  painted  canvas  jacket  or  a  jacket  of  asphalt-saturated  asbestos 
water-proofing  felt.  The  tunnel  itself  is  usually  built  of  concrete  or  brick, 
and  water-proofed  on  the  outside  with  membrane  water-proofing. 

Because  of  their  relatively  high  first  cost  as  compared  with  smaller  con- 
duits, walking  tunnels  are  sometimes  omitted  along  heating  lines,  unless 
they  are  required  to  accommodate  miscellaneous  other  services  or  provide 
underground  passage  between  buildings. 

OVERHEAD  DISTRIBUTION 

In  some  industrial  and  institutional  applications,  the  distribution  piping 
may  be  installed,  entirely  or  in  part,  above  ground.  This  method  of  con- 
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FIG.  4.  STEAM  SUPPLY  CONNECTION  WHEN  USING  Two  REDUCING  VALVES 

struction  has  the  advantage  of  requiring  no  excavation  and  being  easily 
maintained. 

INSIDE  PIPING 

Figs.  2  and  3  show  typical  service  connections  used  for  low  pressure  steam 
service.  Fig.  2  shows  installation  of  a  reducing  valve  without  a  by-pass, 
which  is  usually  omitted  in  the  case  of  smaller  size  valves. 

Fig.  3  illustrates  the  use  of  a  reducing  valve,  with  a  by-pass  which  is  gen- 
erally provided  for  larger  installations.  This  latter  construction  permits 
the  operation  of  the  line  in  case  of  failure  in  the  reducing  valve.  In  the 
smaller  sizes,  the  reducing  valve  can  be  removed,  a  filler  installed,  and  the 
house  valve  used  to  throttle  the  flow  of  steam  until  repairs  are  made. 

Fig.  4  shows  a  typical  installation  used  for  high  pressure  steam  service1. 
The  first  reducing  valve  effects  the  initial  pressure  reduction.  The  second 
reducing  valve  reduces  the  steam  pressure  to  that  required. 

In  a  heating  system  the  pipes  carrying  condensate  are  more  subject^  to 
corrosion  than  other  parts  of  the  system.  Care  must  be  taken  to  give 
proper  pitch  to  the  pipes  and  provide  proper  venting  of  non-condensable 
gases.  (See  Chapter  42,  Corrosion). 

Most  district  heating  companies  enforce  certain  regulations  regarding 
the  consumer's  installation,  partly  to  safeguard  their  own  interests,  but 


aCode  for  Pressure  Piping,  B31-1,  1942,  American  Standards  Association,  Para- 
graph 408,  p.  115. 
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principally  to  insure  satisfactory  and  economical  service  to  the  consumer. 

There  are  certain  fundamental  principles  that  should  be  followed  in  the 
design  of  a  building  heating  system  which  is  to  be  supplied  from  street 
mains.  Although  some  of  these  apply  to  any  building,  they  have  been 
demonstrated  to  be  especially  important  when  steam  is  purchased. 

/.  Provision  should  be  made  for  conveniently  shutting  off  the  steam  supply  at  night 
and  at  other  times  when  heat  is  not  needed. 

It  has  been  thoroughly  demonstrated  that  a  considerable  amount  of  heat  can  be 
saved  by  shutting  off  steam  at  night.  Although  there  is,  in  some  cases,  an  increased 
consumption  of  heat  when  steam  is  again  turned  on  in  the  morning,  there  is  a  large 
net  sairing  which  may  be  explained  by  the  fact  that  the  lower  inside  temperature 
maintained  during  the  night  obviously  results  in  lower  heat  loss  from  the  building, 
and  less  heat  need  therefore  be  supplied. 

Steam  can  be  entirely  shut  off  at  night  in  most  buildings  even  in  very  cold  weather 
without  endangering  plumbing.  It  is  necessary,  however*  to  have  an  ample  amount 
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FIG.  5.  METHOD  OF  INSTALLING  A  WATBE  HBATEE  AND  ECONOMIZES  IN  A  GEAVITY 

HEATING  SYSTEM 


of  heating  surface  so  that  the  building  can  be  quickly  warmed  in  the  morning.  Where 
the  hours  of  occupancy  differ  in  various  parts  of  the  building,  it  is  good  practice  to 
install  separate  supply  pipes  to  the  different  parts.  For  example,  in  an  office  build- 
ing with  stores  or  restaurants  on  the  first  floor  which  are  open  in  the  evening,  a  sepa- 
rate main  supplying  the  first  floor  will  permit  the  steam  to  be  shut  off  from  the 
remainder  of  the  building  in  the  late  afternoon.  The  division  of  the  building  into 
zones,  each  with  a  separately  controlled  heat  supply,  is  sometimes  desirable,  as  it 
permits  the  heat  to  be  adjusted  according  to  variations  in  sunshine  and  wind. 

2.  Residual  heat  in  the  condensate  should  be  salvaged. 

This  heat  may  be  salvaged  by  means  bf  a  cooling  coil,  or  as  is  more  frequently 
done,  by  a  water  heating  economizer  (see  Fig.  5)  which  preheats  the  hot  water  supply 
to  the  building. 

The  condensate  from  the  heating  system,  after  leaving  the  trap,  passes  through 
the  economizer.  The  supply  to  the  hot  water  heater  passes  through  the  economizer, 
absorbing  heat  from  the  condensate.  If  the  hot  water  system  in  the  building  is  of 
the  recirculating  type,  the  recirculating  connection  should  be  tied  in  between  the 
economizer  and  the  water  heater  proper,  not  at  the  economizer  inlet,  because  the 
reoirculated  hot  water  is  itself  at  a  high  temperature. 
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Because  of  the  lack  of  coincidence  between  the  heating  system  load  and  the  hot 
water  demand,  a  greater  amount  of  heat  can  be  extracted  from  the  condensate  if 
storage  capacity  is  provided  for  the  preheated  water.  Frequently  a  type  of  econ- 
omizer is  used  in  which  the  coils  are  submerged  in  a  storage  tank. 

8.  Heat  supply  should  be  graduated  according  to  variations  in  the  outside  temperature, 
The  maximum  in  economical  operation  and  satisfactory  heating  can  only  be  ob- 
tained by  the  use  of  automatic  temperature  control  (See  Chapter  38). 

METERING 

The  perfection  of  fluid  meters  has  contributed  as  much  to  the  advance- 
ment of  district  heating  as  any  other  one  thing.  Meters  are  classified 
into  two  groups  :  Condensate  Meters  and  Rate  of  Flow  Meters. 

Condensate  Meters 

The  one  type  of  quantity  meter  used  is  the  condensate  meter,  which 
may  be  of  the  tilting  bucket  or  revoking  drum  type. 
The  condensate  meter  is  a  popular  type  for  use  on  small  and  medium 


Constant  flow  trap 


FIG.  6.  GRAVITY  INSTALLATION  FOR  CONDENSATION  METBJB  USING 
VENTED  RECEIVERS 

sized  installations,  where  all  the  condensate  can  be  brought  to  a  common 
point  for  metering  purposes.  Its  simplicity  of  design,  ease  in  testing,  ac- 
curacy at  all  loads,  low  cost,  and  adaptability  to  low  pressure  distribution 
has  made  it  standard  equipment  with  many  heating  companies. 

Condensate  meters  should  not  be  operated  under  pressure;  they  are 
made  for  either  gravity  or  vacuum  installations.  Where  bucket  traps  are 
used,  a  vented  receiver  is  essential  ahead  of  the  meter.  Where  continuous 
flow  traps  are  used,  a  vented  receiver  is  not  necessary,  but^  is  desirable. 
Fig.  6  illustrates  a  gravity  condensate  meter  installation  using  a  vented 
receiver. 

Rate  of  Flow  or  Flow  Meters 

Flow  meters  used  for  district  heating  work  are  of  three  types:  Area 
Meters,  Head  Meters  and  Velocity  Meters.  (See  Chapter  4,  Fluid  Flow.) 

Area  meters  are  those,  in  the  operation  of  which,  a  variation  in  the  cross- 
section  of  stream  under  constant  head  is  used  as  an  indication  of  the  rate 
of  flow.  A  tapered  plug  is  suspended  in  an  orifice  and  moves  axially  with 
the  flow,  which  is  vertically  upward.  The  weight  of  the  plug  provides  a 
definite  pressure  differential,  and  the  plug  floats  at  such  a  height  as  will 
provide  enough  orifice  area  to  pass  the  flow  at  the  pressure  difference.  The 
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movement  of  the  plug  is  transmitted  by  means  of  a  lever  to  a  pencil 
or  marker  which  records  the  flow  on  a  graduated  strip  chart. 

Head  meters  are  those  in  which  the  stream  of  fluid  creates  a  difference 
of  pressure,  or  differential  head.  This  head  is  created  by  an  orifice, Venturi 
tube,  flow  nozzle,  or  Pitot  tube  and  will  depend  upon  the  velocity  and 
density  of  the  fluid.  The  secondary  element  must  contain  a  differential 
pressure  gage,  which  will  translate  the  pressure  difference  into  rate  of  flow 
or  total  flow.  This  mechanism  may  be  either  mechanical  or  electrical. 
The  electric  flow  meter  has  the  advantage  of  being  able  to  locate  the  instru- 
ments at  some  distance  from  the  primary  element. 

Fig.  7  is  a  typical  example  of  an  orifice-type  meter  installation.  A  few 
general  points  to  be  considered  in  installing  a  meter  of  this  type  are :  (1 ) 


DIMENSIONS  K'  AND   K»  ARE   SUPPLIED  8V  THE 
MANUFACTURER  -  DIMENSIONS  X    AND  Y   ARE 
MINIMUM  AND  SHOULD  BE  INCREASED  IF  POSSIBLE- 
INSTALLATION    SHOULD  BE  UNDER  SUPERVISION 
OF  MANUFACTURER 


Fia.  7.  ORIFICE  METEB  STEAM  SUPPLY  CONNECTION 

It  is  desirable  to  place  the  differential  medium  in  a  horizontal  pipe  in  prefer- 
ence to  a  vertical  one,  where  either  location  is  available.  (2)  Reservoirs 
should  always  be  on  the  same  level  and  installed  in  accordance  with  the 
instructions  of  the  meter  company.  (3)  The  meter  body  should  be  placed 
at  a  lower  level  than  that  of  the  pressure  differential  medium.  Special 
instructions  are  furnished  where  the  meter  body  is  above.  (4)  Meter 
piping  should  be  kept  free  from  leaks.  (5)  Sludge  should  not  be  permitted 
to  collect  in  the  meter  body.  (6)  The  meter  body  and  meter  piping  should 
be  kept  above  freezing  temperatures.  (7)  It  is  best  not  to  connect  a  meter 
body  to  more  than  one  service,  (8)  Special  instructions  are  furnished  for 
metering  a  turbulent  or  pulsating  flow. 

Velocity  meters  are  those  in  which  the  primary  element  is  some  device 
that  is  kept  in  continual  rotation  by  the  linear  motion  of  the  stream.  The 
secondary  element  is,  essentially,  a  revolution  counter.  The  primary  and 
secondary  elements  are  combined  into  one  unit. 

For  steam  metering,  the  shunt  meter  is  an  example  of  the  velocity  type. 
This  unit  is  connected  directly  in  2,  3  and  4  in.  pipe  lines.  Larger  size 
mains  are  metered  by  installing  a  2  in.  meter  in  a  bypass  with  a  restricting 
orifice  in  the  main  line. 
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Selection  of  Meter 

In  selecting  a  meter  for  a  particular  installation,  the  number  of  different 
makes  and  types  of  meters  suitable  for  the  job  is  usually  limited  by  one 
or  more  of  the  following  considerations:  (1)  Its  use  in  a  new  or  an  old 
installation.  (2)  Method  to  be  used  in  charging  for  the  service,  (3) 
Location  of  the  meter.  (4)  Large  or  small  quantity  to  be  measured.  (5) 
Temporary  or  permanent  installation.  (6)  Cleanliness  of  the  fluid  to  be 
measured.  (7)  Temperature  of  the  fluid  to  be  measured.  (8)  Accuracy 
expected.  (9)  Nature  of  flow:  turbulent,  pulsating,  or  steady.  (10) 
Cost,  a,  purchase  price,  6.  installation  cost,  c.  calibration  cost,  d.  main- 
tenance cost.  (11)  Servicing  facilities  of  the  manufacturer.  (12)  Pres- 
sure at  which  fluid  is  to  be  metered.  (13)  Type  of  record  desired  as  to 
indicating,  recording  or  totalizing.  (14)  Stocking  of  repair  parts.  (15) 
Use  of  open  jets  where  steam  is  to  be  metered.  (16)  Metering  to  be  done 
by  one  meter  or  by  a  combination  of  meters.  (17)  Use  as  a  check  meter. 
(18)  Its  facilities  for  determining  or  recording  information  other  than 
flow.  (19)  Whether  or  not  the  condensate  can  be  returned  to  a  central 
point. 

STEAM  REQUIREMENTS 

Methods  of  estimating  steam  requirements  for  heating  various  types  of 
buildings  are  given  in  Chapter  17. 

Table  6  in  Chapter  17  represents  information  obtained  from  all  sections 
of  the  United  States,  and  the  group  of  buildings  from  which  the  informa- 
tion was  taken  represents  a  cross-section  of  all  types  of  heating  systems. 

Steam  requirements  for  water  heating  can  be  satisfactorily  estimated 
by  using  a  consumption  of  0.0025  Ib  per  (day)  (cu  ft  of  heated  space)  for 
office  buildings,  without  restaurants,  and  0.0065  Ib  per  (day)  (cu  ft  of 
heated  space)  for  apartment  buildings. 

Complete  information  on  water  heating  requirements  is  given  in 
Chapter  48. 

Additional  data  on  steam  requirements  of  various  types  of  buildings  in 
a  number  of  cities  may  be  found  in  the  Handbook  of  the  National  District 
Heating  Association. 

RATES 

Fundamentally,  district  heating  rates  are  based  upon  the  same  princi- 
ples as  those  recognized  in  the  electric  light  and  power  industry,  the  main 
object  being  a  reasonable  return  on  the  investment.  However,  there  are 
other  requirements  to  be  met ;  the  rate  for  each  class  of  service  should  be 
based  upon  the  cost  to  the  utility  company  of  the  service  supplied,  and 
upon  the  value  of  the  service  to  the  consumer,  and  it  must  be  between 
these  two  limits.  District  heating  rates  should  be  designed  to  produce  a 
sufficient  return  on  the  investment  regardless  of  weather  conditions,  al- 
though existing  rate  schedules  do  not  always  conform  to  this  principle. 
Lastly,  the  rate  schedule  must  be  reasonably  simple  and  understandable. 

Glossary  of  Rate  Terms 

Load  Factor.  The  ratio,  in  per  cent,  of  the  average  hourly  load  to  the 
maximum  hourly  load.  This  is  usually  based  on  a  one-year  period,  but 
may  be  applied  to  any  specified  period. 

Demand  Factor.  The  relation  between  the  connected  radiator  surface, 
or  required  radiator  surface,  and  the  demand  of  the  particular  installation. 
It  varies  from  0.25  to  0.3  Ib  per  (hr)  (sq  ft  of  surface). 
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Diversify  Factor.  The  ratio  of  the  sum  of  the  individual  demands  of  a 
number  of  buHdings  to  the  actual  composite  demand  of  the  group. 

Types  of  Rates 

The  various  types  of  rates  to  be  found  in  use  in  district  heating  systems 
are: 

1.  Straight- Line  Meter  Rate.    The  price  charged  per  unit  is  constant,  and  the  con- 
sumer pays  in  direct  proportion  to  Ms  consumption  without  regard  to  the  difference 
in  costs  of  supplying  the  individual  customers. 

2.  Block  Meter  Rate.    The  pounds  of  steam  consumed  by  a  customer  are  divided 
into  blocks  of  thousands  of  pounds  each,  and  lower  rates  are  charged  for  each  suc- 
cessive block  consumed.    This  type  of  charge  predominates  in  steam  heating  rate 
schedules,  having  the  advantage  of  proportioning  the  bill  according  to  the  consump- 
tion and  the  cost  of  service.    It  has  the  disadvantage  of  not  discriminating  between 
customers  having  &  high  load  factor  (relatively  low  demand)  and  those  having  a  low 
load  factor  (relatively  high  demand) .    The  utility  company  must  maintain  sufficient 
capacity  to  serve  the  high  demand  customers,  and  the  cost  of  the  increased  plant 
investment  is  divided  equally  among  the  users,  so  the  high  demand  customers  are 
benefited  at  the  expense  of  the  others, 

3.  Demand  Rates.    These  refer  to  any  method  of  charge  based  on  a  measured 
maximum  load  during  a  specified  period  of  time. 

The  flat  demand  rate  is  usually  expressed  in  dollars  per  thousand  pounds  of  demand 
per  month  or  per  annum.  It  is  based  on  the  size  of  a  customer's  installation,  and  is 
seldom  used  except  where  a  meter  is  not  practicable. 

The  Wright  demand  rate  is  similar  in  calculation  to  the  block  rate,  except  that  it  is 
expressed  in  terms  of  hours'  use  of  the  maximum  demand.  It  is  seldom  used,  but 
forms  the  basis  for  other  forms  of  rates. 

The  Hopkinson  demand  rate  is  divided  into  two  elements : 

(a)  A  charge  based  upon  the  demand,  either  estimated  or  measured. 

(6)  A  charge  based  upon  the  amount  of  steam  consumed. 

This  rate  may  be  modified  by  dividing  the  quantities  of  steam  demanded  and  con- 
sumed into  blocks  charged  for  at  different  rates. 

The  Doherty  rate  is  divided  into  three  elements: 

(a)  A  charge  based  upon  demand. 

(6)  A  charge  based  upon  steam  consumed. 

(c)  A  customer  charge. 

In  the  Hopkinson  rate,  the  last  two  elements  are  combined  into  one  element. 

Demand  rates  are  comparatively  new  and  are  not  yet  widely  used. 
While  they  are  equitable  and  competitive,  they  are  difficult  for  the  average 
layman  to  understand.  They  are  of  benefit  to  utility  companies  and  to 
consumers  because  the  investment  and  operating  costs  can  be  divided,  to 
suit  the  particular  circumstances,  into  demand,  customer,  and  consumption 
groups  through  the  use  of  some  modification  of  the  Hopkinson  rate.  De- 
mand rates  are  an  advantage  to  the  customer  in  that  the  use  of  such  a  rate 
reduces  the  rate  per  thousand  pounds  to  the  long-hour  user. 

Fuel  Price  Surcharge.  It  is  usually  desirable  to  establish  a  rate  upon  a 
specified  basic  cost  of  fuel  to  the  utility  company.  Where  there  are  wide 
variations  in  the  price  of  fuel,  it  is  also  desirable  to  add  a  definite  charge 
per  thousand  pounds  of  steam  sold  for  each  increment  of  increase  in  the 
price  of  fuel.  This  surcharge  automatically  compensates  for  the  variations 
without  necessitating  frequent  changing  of  the  whole  rate  structure. 

Some  utility  companies  include  a  labor  surcharge  as  well  as  a  coal  sur- 
charge. 
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CENTRAL  SYSTEMS  FOR  AIR  CONDITIONING 

Features  of  Systems,  Zoning,  Apparatus  Dew-Point,  Cooling  Load,  Heating  Load 

Air  Quantity  and  Effectual  Temperature  Difference,  Low  and  High 

Pressure  Induction  Conveetors,  Evaporative  Cooling,  Precooling, 

Sensible  Cooling  with  Unwetted  Coils,  Run-Around 

System,  Selection  of  Type  of  System,  Location 

of  Apparatus,  Design  Procedure 

THE  term,  central,  applied  to  an  air  conditioning  system  implies  that 
the  equipment  such  as  fans,  coils,  filters  and  their  encasement  are 
designed  for  assembly  in  the  field  rather  than  in  a  factory  as  a  unit.    As 
a  central  system  usually  serves  several  different  rooms,  individual  con- 
trols are  required  for  each  room. 

FEATURES'  OF  CENTRAL  SYSTEMS 

One  advantage  of  a  central  air  supply  system  is  that  one  apparatus 
serving  many  rooms  may  involve  a  lower  investment  cost  than  that  for  a 
number  of  self-contained  plants,  each  serving  a  single  room.  A  central 
system  may  occupy  basement  or  attic  space  that  is  relatively  unimportant, 
whereas  individual  factory-assembled  apparatus  placed  in  each  room 
may  occupy  otherwise  valuable  space.  Another  advantage  of  a  central 
system  is  accessibility  for  servicing,  since  it  is  possible  to  provide  doors 
in  the  encasement  for  cleaning  and  inspecting  all  of  the  component  parts 
in  a  manner  usually  superior  to  that  practicable  with  compact  factory- 
assembled  equipment. 

Central  air  conditioning  systems  usually  are  connected  by  ducts  with 
the  various  rooms  served,  and  preferably  have  exhaust  fans  that  may 
effect  complete  removal  and  disposal  of  any  desired  proportion  of  the  air. 
The  exhaust  fan  may  return  air  to  the  supply  system  for  recirculation,  as 
a  measure  of  economy  of  fuel  or  refrigeration. 

Central  air  conditioning  systems  are  served  by  heating  and  refrigerat- 
ing equipment  which  may  be  located  at  some  distance  from  the  air  supply 
apparatus,  and  which  may  serve  one  or  more  central  air  supply  systems. 

Year-Round  Air  Supply  System 

Fig.  1  is  a  plan  of  a  year-round  air  supply  system.  Outside  air  may 
enter  from  the  left  at  A,  desirably  from  an  intake  on  the  side  of  the  build- 
ing least  exposed  to  solar  heat,  and  not  close  to  the  ground  or  to  a  sun- 
heated  or  dust-gathering  roof.  A  damper. B  for  proportioning  the  volume 
of  outside  air,  is  interlocked  with  the  return  air  damper  C  in  such  man- 
ner that  as  the  outside  air  volume  increases  the  return  air  volume  decreases. 
The  return  air  duct  D,  shown  diagranamatically,  comes  from  the  exhaust 
fan.  All  the  air,  it  will  be  observed,  must  pass  through  the  filters  E, 
and  there  is  ample  room  on  both  the  inlet  and  outlet  sides  of  the  filters  for 
servicing  them.  The  filters  may  be  of  mechanically  cleaned  type,  of 
replaceable  cell  type,  or  may  be  electronic,  as  described  in  more  detail  in 
Chapter  33. 

The  cleaned  air  passes  to  the  equipment  that  changes  its  temperature 
and  humidity.  Except  in  very  warm  climates,  a  heating  or  tempering 
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coil  F  is  required  to  warm  the  air  to  a  temperature  above  freezing.  Usu- 
ally, the  heat  is  supplied  by  means  of  hot  water  or  steam.  During  many 
hours  of  most  days  it  is  practicable  to  recirculate  enough  of  the  air  so  that 
the  air  drawn  from  outside,  after  mixing  with  the  relatively  warm  return 
air,  will  not  be  cold  enough  to  freeze  the  water  in  the  humidifier. 

Upon  leaving  the  tempering  coil,  the  air  enters  the  humidifier  G.  This 
may  be  a  spray  of  warmed  water,  circulated  by  a  small  pump  from  a 
water  tank  under  the  spray  chamber,  or  may  be  other  means  of  supplying 
water  vapor.  The  supply  of  moisture  must  be  under  automatic  and  very 
reliable  control.  Following  the  humidifier  a  heater  I  is  required,  for  con- 
trolling the  temperature  of  the  air  entering  the  supply  fan. 

The  second  group  of  heat  transfer  devices  in  a  year-round  system 
includes  an  air  cooling  component  H,  for  use  in  warm  weather.  Its  sur- 
face may  be  chilled  by  direct  expansion  of  an  approved  refrigerant  within 
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its  tubes,  or  the  surface  may  be  cooled  by  a  pump-circulated  liquid  such 
as  water  or  brine.  This  device  must  be  sufficiently  cold  to  cool  the  sum- 
mer air  to  a  temperature  below  the  existing  dew-point,  and  may  be  ex- 
pected to  be  wetted  constantly  by  the  moisture  condensed  from  the  air. 
A  water-tight  drainage  tank  must  be  installed  under  the  cooling  coil  and 
should  extend  for  a  distance  toward  the  fan.  Water  should  be  drained 
by  means  of  a  trapped  waste  through  a  vented  air-break.  The  second 
group  of  heat  transfer  devices  also  includes  an  air-heating  component 
(reheater)  similar  to  the  tempering  coil  and  capable  of  warming  the 
chilled,  saturated  air  leaving  the  cooling  surface,  to  a  temperature  suffi- 
ciently high  to  prevent  complaint  of  drafts  when  the  air  is  delivered  into 
the  rooms. 

ZONING  AND  ZONE  CONTROL 

It  is  apparent  that  while  an  apparatus  like  that  of  Fig.  1  would  be  very 
desirable  for  any  single  room,  since  in  that  case  the  air  could  be  delivered 
at  optimum  conditions,  the  cost  of  a  complete  individual  system  for  each 
room  and  the  space  required  for  the  equipment  generally  would  be  pro- 
hibitive. Economy  is  favored  if  the  varying  requirements  of  numerous 
rooms  or  zones  can  be  simultaneously  satisfied  by  air  from  a  single  central 
supply  system. 
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Various  methods  are  practicable  for  controlling  the  temperature,  hu- 
midity and  air  movement  in  various  rooms  or  zones.  A  measure  of  con- 
trol is  attainable  merely  by  proportioning  the  flow  of  air  to  each  room, 
though  usually  such  control  by  throttling  dampers  is  difficult  to  maintain 
and  should  be  avoided  when  possible. 

Another  scheme  is  to  install  a  properly  proportioned  coil  in  the  branch 
air  supply  duct  serving  each  room  to  warm  the  air  to  suit  the  individual 
need.  The  air,  for  example,  leaving  the  fan  that  serves  several  rooms, 
may  be  cooled  before  entering  the  fan,  to  the  condition  favorable  for  one 
room,  and  the  air  for  each  other  room  may  be  reheated  by  the  branch 
duct  coil  to  the  required  temperature.  It  is  also  possible  to  circulate  a 
heat  absorbing  medium  in  the  branch  duct  coils  to  reduce  the  temperature 
of  the  air  passing  to  rooms  that  would  be  overheated  if  they  received  air 
at  the  condition  leaving  the  central  air  supply  system.  In  Fig.  1  such 
coils  J  are  indicated  in  the  three  branch  ducts  leaving  the  supply  fan. 
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When  heat  transfer  devices  are  placed  in  branch  ducts  for  improved 
temperature  control,  mechanically  circulated  water  gives  excellent  results 
as  a  heat  carrier.  The  water  usually  is  warmer  than  the  air  but  it  is  pos- 
sible to  use  water  colder  than  the  air. 

It  is  practicable  also  to  use  single  central  air  conditioning  equipment 
similar  to  that  shown  in  Fig.  1,  in  conjunction  with  several  fans;  one  for 
each  room  or  zone.  In  such  cases  there  may  be  a  separate  reheater  on  the 
suction  side  of  each  relatively  small  supply  fan. 

The  designer  must  remember  that  the  various  supply  fans  will  compete 
with  each  other  for  air,  against  the  resistance  interposed  by  the  filters, 
coUs,  etc.-,  that  are  used  in  common  under  such  circumstances,  and  that, 
therefore,  unless  the  fans  are  of  backward-curved  blade,  non-overloading 
type,  they  may  alternate  in  carrying  more  than  their  share  of  the  air,  and 
thereby  cause  the  air  distribution  to  be  chaotic  and  unsatisfactory. 

Another  method  of  controlling  temperature  in  various  rooms  served 
by  a  central  air  supply  system  is  shown  in  the  sectional  elevation,  Fig.  2. 
The  supply  fan  is  placed  immediately  after  the  humidifier.  When  cooling 
the  air  in  hot  weather,  the  humidifier  is  not  operated.  The  fan  will 
deliver  the  air  through  the  heating  coil  and  through  the  cooling  coil  to 
the  two  air  pressure  chambers  A  and  B  at  the  right  of  these  coils.  From 
these  chambers  many  separate  ducts,  one  of  which  is  shown,  each  with  a 
double-blade  mixing  damper,  may  convey  the  air  to  the  various  rooms. 
The  mixing  dampers,  one  of  which  is  shown,  are  interlocked  so  that  as  the 
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upper  one  closes  the  lower  one  opens;  selecting  between  them,  air  in  the 
required  quantity  from  either  the  wanner  chamber  A  or  the  cooler  one  B. 
In  cold  weather  no  refrigerant  is  required  In  the  cooling  coil,  and  in  hot 
weather  no  heating  medium  is  circulated  in  the  heating  coil.  With  this 
scheme,  the  control  of  relative  humidity  in  warm  weather  is  not  always 
sufficiently  precise  to  meet  requirements,  since  the  untreated  air  delivered 
through  the  upper  coil  may  be  so  high  in  relative  humidity  that  it  cannot 
sufficiently  compensate  for  the  nearly  saturated  air  leaving  the  lower  coil. 
A  reheater  could  be  placed  if  desired,  to  the  right  of  the  lower  coil  to  bring 
the  air  in  the  lower  chamber  to  the  desired  relative  humidity.  The 
simple  arrangement  of  Fig.  2  is  admirable  in  winter  and,  except  where 
close  control  of  relative  humidity  is  important,  may  be  acceptable  in 
summer. 

Another  method  of  attaining  temperature  control  in  individual  rooms 
with  a  year-round  central  air  supply  system,  is  to  install  a  booster  fan 


FIG.  3.  ARRANGEMENT  FOR  INDIVIDUAL  ROOM  TEMPERATURE  CONTROL  WITH  CENTRAL 

AIR  SUPPLY  SYSTEM  - 


between  the  main  air  supply  duct  and  the  air  delivery  opening  to  each 
zone  or  room,  as  shown  in  Fig.  3.  Air  can  then  be  delivered  from  the 
central  supply  fan  through  the  main  duct  at  some  desired  condition,  for 
instance,  60  F,  45  per  cent  relative  humidity.  A  double  mixing  damper 
near  the  intake  opening  of  the  booster  fan,  controlled  by  a  thermostat  in 
the  room  or  zone  that  is  served  by  the  fan,  is  interlocked  with  an  outlet 
exhaust  damper  in  the  spent  air  opening,  so  that  as  more  of  the  room  air 
is  recirculated,  and  as  less  new  air  from  the  main  air  supply  duct  is  de- 
livered into  the  room,  the  spent  air  outlet  is  throttled  in  proportion.  In 
many  large  installations  this  principle  is  applied  successfully  for  zoning 
different  stories  in  multi-story  office  buildings,  the  main  supply  fan  being 
on  the  roof,  and  each  booster  fan  used  for  supplying  the  rooms  of  one 
orientation  of  each  story.  In  other  cases  the  booster  fans  serve  only  single 
offices,  and  therefore  are  small  enough  to  be  concealed  above  ceilings  along- 
side the  main  supply  duct. 

^There  may  be  installations  in  which  the  use  of  recirculated  air  for  mixing 
with  new  refrigerated  ^and^  nearly  saturated  air  to  control  temperature 
and  relative  humidity  is  objectionable.  In  such  cases  the  general  recircu- 
lation  arrangements  of  Fig.  1  may  be  omitted,  and  the  heat  transfer  coils 
located  in  the  ducts  may  be  used.  In  some  cases  where  general  recircu- 
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lation  is  not  acceptable,  as  for  all  the  rooms  In  an  entire  building,  use  of 
the  local  circulation  of  Fig.  3  may  solve  the  problem. 

APPARATUS  DEW-POINT 

In  ordinary  practice,  with  commercial  apparatus,  complete  saturation 
of  the  air  is  seldom  obtained.  Four-row  finned  cooling  coils  contact  ap- 
proximately 80  per  cent  of  the  air,  whereas  six-row  finned  coils  contact 
approximately  95  per  cent  of  the  air.  In  spray  type  dehumidifiers  of  good 
design  the  air  leaves  the  dehumidifier  at  1  to  2  deg  higher  wet-bulb  tem- 
perature than  the  spray  water  leaving  the  dehumidifier,  and  the  difference 
between  the  dry-bulb  and  wet-bulb  temperatures  leaving  the  dehumidifier 
may  be  as  low  as  1  deg.  A  spray  type  dehumidifier  having  sufficient 
length  of  spray  chamber  and  density  of  spray,  together  with  proper 
arrangement  of  nozzles,  may  approach  saturation  very  closety. 

As  explained  in  Chapter  3,  the  slope  of  the  line  on  the  psychrometric 
chart  connecting  the  room  condition  with  the  apparatus  dew-point  on  the 
saturation  line,  determines  the  ratio  of  sensible  heat  absorbing  capacity 
to  the  moisture  absorbing  capacity  of  the  supply  air.  Therefore  the  room 
condition  can  be  maintained  as  long  as  the  supply  air  temperature  lies  on 
this  line,  but  a  greater  volume  of  supply  air  must  be  used  to  satisfy  the 
room  load  if  the  cooling  coil  does  not  contact  100  per  cent  of  the  air.  For 
a  given  room  load,  the  same  apparatus  dew-point  will  be  required  whether 
the  cooling  appliance  contacts  all  the  air  or  only  part  of  the  air. 

From  the  point  of  view  of  satisfying  the  given  cooling  load  require- 
ments, the  air  passing  through  the  apparatus  without  being  cooled  below 
the  dew-point  temperature  produces  two  effects : 

1.  The  air  quantity  which  must  be  passed  through  the  dehumidifier  must  be  in- 
creased.   Thus,  if  20  per  cent  of  the  air  passing  is  contacted,  then  25  per  cent  (0.20  •*• 
0.80  X  100)  more  air  must  be  used  than  would  be  necessary  if  all  of  it  were  contacted. 

2.  Passing  untreated  air  may  change  the  room  cooling  load,  which  in  turn  may 
change  the  sensible  heat  factor.    If  return  air  only  is  passed  through  the  dehumidi- 
fier or  if  room  air  only  is  by -passed,  the  room  load  would  not  change,  but  if  some 
outside  air  is  passed  through,  the  room  sensible  heat  gain  and  room  latent  heat  gain 
will  be  changed  due  to  the  addition  of  untreated  outside  air,  which  changes  the  sensi- 
ble heat  factor.    When  a  load  calculation  is  made,  it  is  necessary  to  know  the  per- 
centage of  air  affected  in  the  dehumidifier,  and  calculation  must  be  made  accordingly. 

If  the  ventilation  air  is  drawn  through  the  dehumidifier  before  it  goes 
into  the  room,  only  that  portion  of  the  air  not  saturated  must  be  included 
in  the  room  load  for  the  purpose  of  determining  the  apparatus  dew-point 
and  supply  air  quantity.  It  should  be  noted  when  evaluating  the  load 
added  by  untreated  outside  air  that  the  temperature  difference  between 
room  air  and  outside  air,  and  the  moisture  content  difference  between 
room  air  and  outside  air,  should  be  used,  rather  than  the  difference  between 
outside  air  and  apparatus  dew-point,  since  the  rise  from  the  apparatus 
dew-point  to  room  condition  is  charged  against  the  dehumidifier  as  the 
cooling  and  dehumidifying  load. 

In  winter,  room  relative  humidities  in  excess  of  30  per  cent  are  seldom 
required  in  a  system  designed  for  comfort  conditioning  only,  and  a  low 
saturating  efficiency  may  be  desirable,  or  even  necessary,  especially  if  the 
same  volume  of  air  is  handled  as  in  summer.  With  a  spray  type  dehu- 
midifier the  main  sprays  may  be  shut  off  and  only  the  eliminators  need  be 
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flooded;  which  may  give  sufficient  moisture.  In  other  cases,  such  as 
those  in  which  cooling  coils  are  sprayed,  the  spray  water  supply  may  be 
throttled.  If  the  saturation  efficiency  of  the  sprays  is  too  low,  the  spray 
water  may  be  heated.  The  amount  of  heat  put  into  the  spray  water  by 
open  or  closed  water  heaters  will  be  equal  to  that  required  to  bring  the 
dew-point  temperature  of  the  air  entering  the  sprays  up  to  that  required 
before  entering  the  preheater.  It  is  possible,  where  clean  steam  is  avail- 
able, to  introduce  steam  directly  into  the  air  stream  to  produce  the  desired 
dew-point  temperature  of  supply  air.  However,  the  steam  must  be  ex- 
ceptionally clean,  or  objectionable  odors  will  result. 

It  should  be  noted  that  the  quantity  of  outdoor  air  to  be  introduced  is 
affected  by  infiltration  and  leakage.  Infiltration  will  reduce  the  quantity 
to  be  introduced  by  the  system,  while  leakage  may  have  to  be  offset  by 
an  increase  in  the  quantity  of  outdoor  air. 

COOLING  LOAD 

The  method  of  determining  the  cooling  load  for  a  conditioned  space  or 
spaces  is  outlined  in  Chapter  12,  As  pointed  out  therein,  many  of  the 
items  of  heat  gain  are  variable  and  do  not  reach  their  maximum  values 
simultaneously.  Proper  consideration  of  these  peaks  and  the  avoidance 
of  pyramiding  these  peaks  in  the  cooling  load  calculations  are  stressed. 
Maximum  solar  heat  gain  on  an  east  exposure  is  seldom  coincident  with 
the  maximum  outdoor  wet-bulb. 

A  large  difference  in  the  time-incidence  of  the  peaks  between  various 
spaces  or  parts  of  the  same  space  indicates  the  necessity  for  zoning.  In 
a  building  having  an  east  and  west  exposure,  where  solar  heat  gain  forms 
a  fair  share  of  the  cooling  load,  the  times  of  individual  zone  peaks  are 
apt  to  be  some  hours  apart,  and  the  peak  load  of  one  plus  the  off-peak  load 
of  the  other  will  be  substantially  less  than  their  combined  peak  loads. 
Proper  zoning  will  permit  operation  to  take  full  advantage  of  this  con- 
dition or  of  similar  conditions  of  non-simultaneous  peaks,  and  will  result 
in  a  lower  total  load  and  in  savings  in  equipment. 

A  factor,  similar  in  effect  and  closely  related  to  the  non-simultaneous 
occurrence  of  peak  loads,  is  diversity.  Typical  of  this  is  the  case  of  a 
large  department  store  where  the  air  handling  equipment  serving  a  certain 
space  must  be  sufficient  to  handle  the  load  created  by  the  throngs  of 
people  attending  sales  in  that  space.  Under  such  a  condition  the  number 
of  people  in  other  spaces  is  usually  normal  or  below.  While  this  means 
that  the  air  handling  equipment  for  certain  departments  must  be  large 
enough  to  cope  with  the  situation,  the  refrigeration  equipment  need  be 
only  large  enough  to  handle  the  average  maximum.  If  a  system  employ- 
ing zone  recirculating  fans  and  a  single  central  fan  and  dehumidifier  were 
used,  the  saving  would  be  reflected  in  the  capacity  of  the  central  fan  and 
dehumidifier.  Another  example  of  this  diversity  is  found  in  an  office 
building  having  restaurants  and  stores  of  certain  types  in  the  first  story 
and  basement.  At  noon,  when  the  restaurants  and  stores  are  crowded, 
the  offices  are  below  normal  occupancy. 

Heat  lag  should  be  carefully  considered  in  the  cooling  load  calculations. 
In  certain  types  of  buildings  the  effect  of  solar  radiation  is  still  apparent 
several  hours  after  the  sun  has  shifted  from  that  exposure.  In  other 
types  having  a  much  lighter  construction,  the  heat  gain  due  to  solar 
radiation  decreases  markedly  with  the  passing  of  the  sun.  Some  walls, 
having  been  warmed  by  the  sun,  may  radiate  heat  long  after  the  passing 
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of  the  sun,  thus  requiring  lower  inside  temperatures  to  offset  the  radiant 
energy. 

Buildings  have  considerable  heat  storage  capacity  which  can  often  be 
utilized  to  great  advantage,  and  which  has  more  than  once  provided  an 
unexpected  safety  factor.  If  a  space  is  kept  below  the  design  inside  tem- 
perature for  some  time,  the  interior  walls,  floors,  furniture  and  fixtures 
begin  to  assume  the  temperature  of  the  space.  Where  the  time  is  suf- 
ficient the  entire  mass,  rather  than  merely  its  surface,  may  reach  the  room 
temperature.  Thus,  when  a  space  has  been  precooled  below  the  design 
maximum  temperature  for  a  period  of  time  prior  to  the  advent  of  the 
peak  load,  and  the  heat  gain  begins  to  increase  the  peak  conditions,  some 
of  the  increase  is  used  in  raising  the  temperature  of  the  furniture,  fixtures, 
etc.,  to  the  design  conditions  and  the  cooling  load  can  be  reduced  accord- 
ingly. However,  unless  very  accurate  data  with  regard  to  the  mass,  sur- 
face, specific  heat,  etc.,  of  the  items  within  the  space  are  available,  due 
caution  must  be  used  in  discounting  the  cooling  load  for  this  storage 
effect.  In  the  absence  of  reliable  data  this  allowance  is  often  a  matter  of 
experience  rather  than  calculation. 

Where  air  conditioning  supply  and  return  ducts  pass  through  uncon- 
ditioned spaces,  there  will  be  a  transfer  of  heat  from  these  spaces  to  the 
air  in  the  ducts,  even  though  these  ducts  are  well  insulated.  An  allow- 
ance should  be  made  for  this  heat  gain  and  included  in  the  heat  estimate 
so  that  air  can  be  supplied  at  a  temperature  low  enough  to  offset  the  rise 
caused  by  this  heat  gain  (see  Chapter  31).  There  will  also  be  some  heat 
gain  to  the  air  in  ducts  passing  through  conditioned  spaces,  but  since  a 
cooling  effect  is  produced  in  the  space  through  which  the  duct  passes,  this 
is  not  a  loss  and  usually  can  be  compensated  for  by  adjustment  of  air 
quantities  between  the  various  spaces. 

HEATING  LOAD 

Methods  of  calculating  the  heating  load  are  shown  in  Chapter  11. 
Many  of  the  factors  outlined  previously  under  Cooling  Load,  such  as 
zoning,  non-simultaneous  peaks,  and  diversity,  apply  in  the  reverse  man- 
ner due  to  the  heating  requirements  instead  of  the  cooling  requirements. 
However,  these  factors  affect  the  heating  load  from  the  standpoint  of 
control  of  inside  conditions,  overall  performance,  and  economy  of  opera- 
tion more  than  from  a  capacity  of  equipment  standpoint.  It  is  not  only 
necessary  to  heat  a  building  or  space  to  its  design  conditions  when  there 
is  but  the  merest  fraction  of  normal  occupancy,  and  when  there  are  prac- 
tically no  lights,  internal  heat,  or  solar  radiation,  but  it  is  also  necessary  to 
provide  capacity  to  heat  the  building  quickly  when  sudden  cold  follows 
relatively  warm  weather,  as  may  occur  after  a  week-end  or  holiday  shut- 
down. However,  in  normal  operation  during  week-ends  and  holidays, 
buildings  are  usually  kept  at  a  holding  temperature  to  prevent  the  freezing 
of  services.  In  many  cases,  less  fuel  is  required  to  continue  operation 
of  the  heating  plant  at  a  near-normal  rate  and  maintain  the  building  or 
space  at  a  temperature  of  50  to  65  F  for  some  time,  than  to  shut  the  sys- 
tem down  and  then  bring  the  temperature  back  to  normal  through 
forced  operation  of  the  heat  generating  equipment  with  a  consequent 
loss  in  efficiency. 

AIR  QUANTITY  AND  EFFECTUAL  TEMPERATURE  DIFFERENCE 

The  difference  between  the  room  air  temperature  and  the  supply  air 
temperature  at  the  outlet  to  the  room  is  known  as  the  effectual  tempera- 
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ture  difference.  In  the  theoretical  case  of  a  dehumidifier  haying  100 
per  cent  saturating  efficiency,  and  where  this  air  is  delivered  directly  to 
the  room  without  temperature  increases  due  to  heat  gain,  then  the  effec- 
tual temperature  difference  is  the  difference  between  room  temperature 
and  apparatus  dew-point  temperature.  If  duct  heat  gains  are  considered 
a  part  of  the  room  load,  this  still  holds  true.  The  apparatus  dew-point, 
as  outlined  previously,  is  fixed  by  the  latent  and  sensible  loads  of  the 
space,  but  in  many  cases,  it  is  desirable  to  deliver  more  air  to  the  spaces 
than  is  indicated  by  the  difference  between  the  room  temperature  and  the 
apparatus  dew-point. 

It  has  been  indicated  that  where  a  percentage  of  air  is  passed  through 
the  dehumidifier  without  being  treated,  the  relationship  is  modified  in 
direct  proportion,  and  that  if  room  air  is  passed  through  untreated,  no 
effect  on  the  heat  balance  results.  Similarly,  if  room  air  is  passed  around 
the  dehumidifier  and  mixed  with  the  treated  air,  the  heat  balance  is  not 
adversely  affected.  Therefore,  if  the  quantity  of  air  passed  through  the 
dehumidifier  is  determined  by  the  usual  methods,  room  air  can  be  passed 
around  the  dehumidifier  and  mixed  with  the  dehumidified  air,  increasing 
the  supply  air  quantity  and  temperature  and  decreasing  the  effectual 
temperature  difference.  Thus  if  the  difference  between  the  room  tem- 
perature and  the  apparatus  dew-point  indicates  that  10,000  cfm  at  30  deg 
below  room  temperature  will  be  required  to  hold  conditions,  that  quantity 
can  be  passed  through  the  dehumidifier  and  cooled  to  30  deg  below  the 
room  temperature,  then  mixed  with  10,000  cfm  of  room  air,  resulting 
in  a  supply  air  quantity  of  20,000  cfm  and  an  effectual  temperature  dif- 
ference of  15  deg  instead  of  30  deg.  Air  supply  outlets  and  grilles  that 
have  a  high  induction  ratio  are  available,  and  cause  a  large  amount  of  room 
air  to  be  mixed  with  the  air  leaving  the  outlet  within  a  short  distance  of 
the  outlet  through  the  induction  effect  of  the  air  stream.  A  proper  selec- 
tion of  outlets  may  make  it  possible  to  introduce  air  at  low  temperatures 
and  high  velocities  without  causing  objectionable  drafts  or  cold  spots,  but 
care  must  be  used  to  see  that  too  little  air  motion  is  not  a  result.  Low 
effectual  temperature  differences  may  be  required  for  this  reason.  While 
the  use  of  a  high  effectual  temperature  difference  results  in  a  saving  in 
initial  cost  of  fans  and  ducts,  and  in  the  operating  cost  of  fans,  this  differ- 
ence should  be  carefully  considered.  If  the  sensible  heat  load  of  a  space 
is  subjected  to  substantial  variations,  low  effectual  temperature  differences 
should  be  considered,  since  systems  employing  low  effectual  temperature 
differences  require  less  precision  in  controls. 

Reduction  of  air  quantity  by  slowing  down  the  fans  for  the  winter  season, 
and  increasing  the  temperature  difference,  often  is  feasible.  A  saving  in 
fan  power  can  thus  be  effected,  provided  the  air  distribution  remains 
adequate. 

Extremes  should  be  avoided  in  all  cases.  For  summer  air  conditioning, 
low  supply  air  temperatures  result  in  larger  heat  gains  to  the  air  passing 
through  the  ducts,  as  well  as  in  poor  control.  Too  high  a  supply  air  tem- 
perature may  result  in  excessive  initial  and  operating  costs.  Suggested 
limits  for  the  effectual  temperature  difference  are  from  12  to  20  deg,  the 
actual  selection  being  based  on  the  requirements  of  the  particular  case. 
For  winter  air  conditioning,  too  high  supply  air  temperatures  result  in 
excessive  heat  losses  from  the  ducts  and  stratification  within  the  room 
unless  thorough  mixing  is  assured,  while  too  low  supply  air  temperatures 
may  cause  drafts,  high  operating  costs,  etc.  Suggested  limits  are  from 
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15  to  35  deg.    There  can  be  no  set  rule,  and  each  case  should  be  judged 
according  to  Its  particular  requirements  of  the  installation. 

Reference  may  be  made  to  Chapter  30  for  further  discussion  of  the  most 
satisfactory  design  difference  between  the  entering  air  temperature  and 
volume  in  relation  to  the  desired  room  condition. 

INDUCTION  CONVECTORS— LOW  PRESSURE  TYPE 

Induction^  convectors  located  in  the  room  that  is  to  be  served,  utilize  a 
jet  of  conditioned  air  (or  primary  air)  to  induce  a  flow  of  room  or  secondary 
air  which  mixes  with  the  primary  air  Fig.  4.  The  mixture  is  discharged 
into  the  room  through  a  grille  at  the  top  of  the  eonveetor.  Heating  coils 
are  located  in  the  secondary  air  stream.  The  output  is  controlled  either 
by  manually  or  automatically  throttling  the  air  jet.  Heat  may  be  sup- 
plied to  the  coil  in  summer  as  well  as  in  winter.  These  induction  con- 
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FIG.  4.  INDUCTION  UNIT  (Low  PRESSURE  TYPE) 

vectors  present  several  advantages.  Since  the  secondary  air  stream  is 
thoroughly  mixed  with  the  high  velocity  low  temperature  air  stream 
before  leaving  the  discharge  outlet  of  the  device,  the  resultant  tempera- 
ture of  the  mixture  is  satisfactory  even  though  the  primary  air  is  introduced 
at  a  temperature  too  low  for  ordinary  methods  of  distribution.  One  of 
these  devices  usually  is  provided  under  each  window  in  place  of  the 
customary  direct  radiator,  and  combines  the  air  distribution  system 
with  the  heating  system.  With  a  conventional  system  it  may  be  necessary 
to  provide  supplementary  heating  in  the  form  of  direct  radiation.  Induc- 
tion convectors  may  be  selected  with  heating  coils  having  sufficient  ca- 
pacity under  gravity  conditions  (that  is,  with  the  fan  system  shut  off 
and  no  primary  air  entering  the  device)  to  maintain  the  room  at  a  reason- 
able temperature  in  winter.  The  use  of  low  temperature,  dehumidified 
air  which  has  not  been  reheated  or  mixed  with  room  air  before  delivery  to 
the  room,  may  permit  a  reduction  in  fan  capacity  and  the  use  of  smaller 
ducts.  In  some  cases  a  by-pass  may  be  desirable  in  order  to  maintain 
the  primary  air  volume  and  to  provide  additional  control.  This  system 
can  provide  a  degree  of  zoning  that  is  usually  difficult  with  conventional 
design  since  the  air  delivered  by  each  unit  can  be  controlled  individually. 
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Selection  of  induction  convectors  should  be  made  with  due  regard  to  noise 
level.  The  inductive  capacity  of  the  device  increases  with  the  jet  velocity , 
but  high  jet  velocities  may  result  in  objectionable  noise. 

INDUCTION  CONYECTORS— HIGH  PRESSURE  TYPE 

Another  type  of  induction  convector  Fig.  5  employs  nozzles  which 
produce  a  high  velocity  air  jet  without  objectionable  noise.  The  term, 
high  pressure,  is  to  some  extent  inaccurate,  since  the  air  pressure  at  the 
nozzles,  while  several  times  that  used  with  a  low  pressure  induction  con- 
vector,  is  still  less  than  the  total  resistance  pressure  of  a  conventional 
central  system.  The  high  velocity  jet  of  primary  air  induces  a  flow  of  air 
from  the  room  through  coils  located  in  the  secondary  air  stream  and 


Heating  and 
cooling  coil  x 


FIG.  5.  INDUCTION  UNIT  (HIGH  PKBSSURE  TYPE) 

supplied  with  chilled  water  in  summer  and  with  hot  water  in  winter. 
The  chilled  water  removes  a  large  portion  of  the  sensible  heat  in  summer 
and  the  hot  water  supplies  the  sensible  heat  loss  in  winter.  The  primary 
air  is  delivered  at  a  sufficiently  low  dew-point  to  compensate  for  the 
latent  heat  gain  in  summer.  In  winter  the  primary  air  is  supplied  at  a 
sufficiently  high  dew-point  to  take  care  of  latent  heat  losses.  Control  of 
temperature  is  obtained  by  throttling  the  water  quantity  supplied  to  the 
secondary  coil.  The  required  flow  of  primary  air  is  greatly  reduced  due 
to  the  fact  that  a  portion  of  the  sensible  heat  load  is  carried  by  the  second- 
ary air  stream.  Since  the  primary  quantity  is  small,  very  high  velocities 
can  be  maintained  in  the  supply  ducts  without  requiring  fan  power  in 
excess  of  that  for  a  conventional  system.  Therefore,  the  supply  ducts  or 
pipes  can  be  very  small  and  can  be  run  in  chases,  or  furred  in  at  columns 
along  with  the  water  pipes.  The  primary  air  is  treated  in  the  usual  man- 
ner to  reach  the  required  dew-point  and  a  surface  or  spray  dehumidifier 
or  a  dehydrator  may  be  used.  The  primary  air  quantity  is  sufficient 
for  ventilation  purposes  and  frequently  consists  entirely  of  outdoor  air. 
The  water  piping  for  the  coils  can  be  so  valved  that  hot  water  will  be  sup- 
plied to  one  zone  that  may  require  heating,  while  cold  water  may  be  sup- 
plied at  the  same  time  to  a  zone  that  requires  cooling. 
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This  system  usually  is  limited  in  application  to  hotels,  apartments, 
office  buildings  and  other  multi-room  installations  having  a  large  perime- 
ter with  relation  to  the  floor  area.  The  units  usually  are  installed  beneath 
the  windows,  replacing  direct  radiation  or  thermally-circulating  enclosed 
convectors.  Where  the  spaces  to  be  conditioned  extend  a  considerable 
distance  from  the  outer  wall  into  the  interior  of  the  building,  a  separate 
system  or  zone  for  the  conditioning  of  the  interior  portions  may  be  required. 

EVAPORATIVE  COOLING 

In  climates  where,  on  the  hottest  days,  the  outdoor  wet-bulb  depression 
is  relatively  great,  it  may  be  possible  to  dispense  with  refrigeration  or 
other  cooling  sources  by  use  of  the  evaporative  cooling  effect.  A  well 
designed  air  washer  using  recirculating  sprays  will  reduce  the  entering  dry- 
bulb  temperature  to  within  a  degree  or  two  of  the  entering  wet-bulb  condi- 
tion. Thus,  it  may  be  possible  that,  with  air  entering  at  100  F  dry-bulb, 
60  F  wet-bulb,  a  leaving  condition  of  62  F  dry-bulb,  nearly  saturated,  can 
be  obtained.  Under  some  conditions  of  latent  and  sensible  heat  load, 
evaporative  cooling  may  be  adequate. 

At  times  when  the  outdoor  wet-bulb  temperature  is  not  quite  low  enough 
to  permit  the  use  of  straight  evaporative  cooling,  it  is  possible  to  use  pre- 
cooling  convectors  with  refrigeration,  well  water  or  a  cooling  tower  as  the 
basic  source  of  sensible  heat  removal  to  reduce  the  wet-bulb  temperature 
of  the  air  before  it  enters  the  spray  chamber.  Where  internal  heat  loads 
are  high,  this  scheme  may  be  more  economical  than  one  using  return  air. 
Where  the  required  supply  air  dew-point  is  too  low  to  permit  straight 
evaporative  cooling,  and  where  the  sensible  heat  load  is  not  too  great, 
intentional  partial  saturation  may  be  employed.  That  is,  the  low  dew- 
point  of  the  outdoor  air  is  utilized  by  permitting  some  of  this  air  to  pass 
through  the  humidifying  sprays  untreated,  or  to  by-pass  the  humidifier. 
All  of  these  remarks  with  regard  to  evaporative  cooling  are  based  on  the 
assumption  that  all  of  the  supply  air  will  be  taken  from  outside.  Provision 
should  be  made  in  most  cases  for  the  return  of  some  air  from  the  condi- 
tioned spaces  for  control  purposes,  as  well  as  for  economy  of  fuel  in  winter. 

PRECOOLING 

Where  sufficiently  cold  water  from  wells  or  streams  is  available,  a  saving 
in  refrigeration  may  be  obtained  by  the  use,  in  location  ahead  of  the  de- 
humidifier,  of  precooling  coils  through  which  the  cold  water  is  circulated. 
The  resultant  cooling  of  the  air  decreases  the  load  to  be  carried  by  the 
dehumidifier  and  refrigeration  plant.  In  normal  practice  the  water,  after 
passing  through  the  precooling  coils  may  be  further  utilized  in  the  refrig- 
eration plant  condenser.  The  economic  advantages  of  this  scheme  are 
apparent,  and  it  is  frequently  used* 

SENSIBLE  COOLING  WITH  UNWETTED  COILS 

Under  favorable  atmospheric  conditions  where  a  large  wet-bulb  depres- 
sion exists  and  the  dew-point  of  the  outdoor  air  is  sufficiently  low  at  all 
times,  acceptable  cooling  may  be  obtained  by  removing  only  the  sensible 
heat  from  the  outdoor  air  delivered  to  the  rooms.  Under  this  condition 
of  a  great  wet-bulb  depression,  a  temperature-reducing  coil  may  be  located 
in  the  air  stream  and  supplied  with  water  from  a  cooling  tower.  When 
humidity  control  is  desired,  sprays  to  saturate  or  partially  saturate  the  air 
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may  be  used  down-stream  from  the  unwetted  coil.  Saturation  or  partial 
saturation  after  the  coil  will  reduce  further  the  dry-bulb  temperature  and 
the  air  quantity  required.  This  system  has  very  definite  application  in 
hot  dry  climates. 

RUN-AROUND  SYSTEM 

An  interesting  method  of  control  is  found  in  the  use  of  combined  re- 
heating and  precooling,  usually  termed  the  run-around  system.  Typically, 
three  coils  are  placed  in  series  in  the  air  stream.  The  primary  one  receives 
liquid  that  has  been  cooled  in  the  third  coil.  The  center  coil  is  main- 
tained at  a  temperature  colder  than  the  dew-point  of  the  air.  The  primary 
coil  thus  pre-cools  the  air,  and  the  third  coil  reheats  the  saturated  air  from 
the  center  coil.  The  third  coil  is  heated  by  the  relatively  warm  water 
coming  to  it  from  the  primary  coil.  The  run-around  scheme  has  the 
advantage  of  permitting  a  higher  supply  air  dew-point  temperature  than 
would  be  possible  otherwise.  This  is  due  to  the  fact  that  continual  re- 
heating is  available,  wrhich  is  not  a  large  penalty  on  the  refrigeration  plant 
since  it  provides  precooling  at  the  same  time.  This  reheating  at  peak  load 
creates  an  artificial  sensible  heat  gain  which  increases  the  ratio  of  sensible 
heat  to  total  heat  and,  for  a  given  room  temperature,  results  in  a  higher 
apparatus  dew-point.  Thus,  while  the  volume  of  supply  air  is  increased, 
the  low-side  temperature  level  of  the  refrigeration  plant  is  raised  and  this 
may  effect  savings  in  initial  and  operating  costs.  The  run-around  system 
has  the  disadvantage  of  providing  a  decreasing  amount  of  heat  for  reheat- 
ing as  the  demand  for  reheating  increases. 

SELECTION  OF  TYPE  OF  SYSTEM 

If  the  perimeter  of  the  building  is  large  with  regard  to  the  area,  and  if 
there  are  many  rooms,  induction  convectors  of  either  the  low  or  high  pres- 
sure type  may  be  employed.  Occasionally  a  dual  system,  one  duct  carrying 
air  at  a  warmer  temperature  than  the  other,  may  be  considered. 

Low  buildings  with  large  floor  areas  may  be  divided  into  sections  or 
zones  with  separate  central  air  supply  systems  to  facilitate  temperature 
control.  In  the  case  of  large  department  stores  it  may  be  possible  to  pro- 
vide a  single  conditioner,  with  a  fan  delivering  the  conditioned  air  to  local 
mixing  fans  which  supply  the  various  departments  or  spaces.  This  appli- 
cation is  limited  by  the  practicability  of  running  the  large  conditioned 
air  ducts  to  the  various  recirculating  fans.  Each  vertical  section  of  the 
building  also  may  be  supplied  by  a  separate  fan  delivering  conditioned  air 
to  local  mixing  fans.  In  many  cases  the  most  economical  and  satisfactory 
scheme  may  be  to  employ  a  hot  water  or  steam  reheater  in  each  branch 
duct  to  each  room.  Where  vertical  sectionalizing  is  not  indicated,  the 
building  may  be  divided  into  horizontal  groups,  each  handled  by  a  central 
system  and  adequately  zoned.  In  some  large  buildings,  apparatus  rooms 
for  the  systems  may  be  located  in  the  basement  and  in  the  attic  and  on 
intermediate  floors. 

In  high  buildings  the  necessity  for  horizontal  sectionalizing  may  be 
suggested  by  the  size  of  air  supply  and  return  risers,  and  by  the  extent  to 
which  they  encroach  upon  usable  space.  Each  story  should  be  cut  off  by 
doors  from  other  stories,  as  otherwise  the  cool  air  tends  to  collect  in  the 
lower  story  and  the  warm  air  is  forced  to  the  upper  story. 

Balconies  and  large  lobbies  in  theatres  and  similar  high  rooms  frequently 
justify  the  use  of  separate  zoning  fans,  to  counteract  the  tendency  of  the 
heavier,  cooler  air  to  collect  at  the  lower  levels  of  these  spaces. 
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Fans  operate  at  full  capacity  continuously  in  many  systems,  and  there- 
fore should  be  selected  for  good  efficiencies.  In  winter  when  higher  temper- 
ature differentials  are  used,  it  is  sometimes  practicable  to  deliver  smaller 
air  quantities  than  when  cooling. 

In  climates  where  winter  temperatures  fall  below  freezing,  the  tempering 
coils  should  be  of  the  steam-distributing  type ;  or  if  they  are  heated  by  a 
liquid,  this  liquid  should  contain  some  anti-freezing  substance  such  as 
ethylene  glycol.  If  hot  water  is  employed  in  cold  climates,  the  temper- 
ature control  of  the  air  should  be  obtained  through  use  of  face  and  by-pass 
dampers  rather  than  by  throttling  the  valves,  to  prevent  damage  due  to 
freezing. 

If  zone  reheaters  placed  in  supply  duct  branches  are  employed,  they 
should  be  of  such  type  as  to  be  heated  over  the  entire  surface  so  that  no 
temperature-stratification  can  occur  in  the  delivered  air.  Steam-distri- 
buting-tube coils  or  mechanically  circulated  water  coils  are  serviceable  in 
such  cases,  and  throttling  valves  may  be  used. 

Refrigeration  equipment  must  be  carefully  selected  to  satisfy  the  partic- 
ular requirements  of  each  installation.  For  some  small  plants  the  evapora- 
tor may  be  placed  in  the  air  stream,  when  type  of  refrigerant  and  nature 
of  occupancy  permit.  In  many  cases,  chilled  water  coils  are  required  by 
considerations  of  safety.  Where  low  temperature  and  relative  humidity 
are  necessary,  brine,  often  of  calcium  chloride,  may  be  indicated. 

Condensing  requirements  must  have  economic  analysis.  Wells,  public 
water  service,  cooling  towers  and  evaporative  condensers  present  possibili- 
ties for  consideration.  Condenser  water  may  have  a  secondary  use  for 
roof  sprays  in  hot  weather,  and  is  usually  suitable  for  lawn  sprinkling. 
Most  health  department  rules  in  cities  prohibit  any  connection  from  refrig- 
erant condensers  that  might  permit  the  water  to  be  used  for  drinking  or 
lavatory  purposes. 

Practically  without  exception,  air  cleaners  should  be  provided  for  both 
outside  and  recirculated  air. 

Control  of  temperature  and  of  relative  humidity  by  automatic  means 
is  vital,  if  comfort  and  economical  operation  of  air  conditioning  equipment 
are  to  be  attained. 

The  insulation  of  ductwork  is  not  merely  a  matter  of  economics,  but 
sometimes  is  a  necessity  from  the  standpoint  of  limiting  the  temperature 
change  of  the  air  between  the  conditioning  apparatus  and  the  point  of 
final  delivery.  Such  temperature  change  of  the  air  should  be  taken  into 
account  when  apportioning  the  air  and  sizing  the  ducts.  When  computing 
heating  or  cooling  loads,  due  allowance  must  be  made  for  the  effect  of  any 
hot  or  cold  ducts  or  pipes  contained  in  the  space  under  consideration,  and 
insulation  must  be  incorporated  where  necessary  or  justified.  Consider- 
ation must  also  be  given  to  the  possibilities  of  condensation  of  moisture 
on  either  the  inside  or  outside  surfaces  of  pipes,  ducts,  housings,  fan  encase- 
ments, etc.,  and  insulation  should  be  applied  to  prevent  corrosion  and 
water  damage  and  to  conserve  refrigeration. 

The  location  of  the  apparatus  room  often  is  determined  by  building 
construction  or  available  space.  The  closer  the  apparatus  room  is  to  the 
conditioned  space,  the  less  expensive  are  the  ducts.  If  the  equipment 
is  noisy,  it  should  be  located  at  some  distance  from  the  occupied  spaces  or 
be  provided  with  adequate  sound  and  vibration  treatment.  The  scattering 
of  wet  apparatus  throughout  a  building  is  to  be  avoided  unless  suitable 
precautions  are  taken.  It  must  be  remembered  that  encroachment  on 
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spaces  that  are  otherwise  usable  can  be  charged  against  the  system  as  an 
operating  cost. 

In  general,  the  apparatus  should  be  arranged  to  have  straight  line  air 
flow.  Each  change  in  direction  is  the  cause  of  air  resistance  and,  in  addi- 
tion, elbows  and  offsets  may  cause  eddy  currents  resulting  in  stratification. 
The  usual  order  of  equipment  location,  beginning  at  the  outside  air  intake, 
is :  weather  hood  of  louvers,  outside  air  dampers,  return  air  connection, 
filters,  tempering  coils,  cooling  coils  or  sprays,  by-pass  connection  with  or 
without  reheaters,  reheaters,  fan  and  distributing  ducts. 

Screens  at  the  intake  prevent  the  entry  of  large  foreign  matter,  birds, 
etc.  A  hood  or  louver  at  the  outside  air  intake  prevents  the  entry  of  rain 
and  snow.  Since  in  most  climates  there  are  many  days  during  which  use 
of  100  per  cent  outside  air  unheated  or  uncooled  may  be  economical,  the 
areas  of  all  air-passing  and  treating  apparatus  should  be  large  enough  for 
such  a  volume,  and  the  exhaust  or  spent  air  equipment  should  be  capable 
of  discharging  out  of  doors,  all  of  the  air  admitted. 

The  by-pass  connection  normally  connects  the  return  air  duct  system 
with  the  apparatus  casing  between  the  conditioner  and  the  supply  fan. 
Usually  the  by-pass  opening  is  sized  to  handle  about  50  per  cent  of  the  fan 
capacity  where  a  variable  by-pass  is  used,  though  extreme  load  variations 
may  require  a  larger  size.  It  is  at  times  good  design  to  locate  a  reheating 
coil  in  the  by-pass  connection  to  permit  using  some  by-pass  air  when  heat- 
ing is  required.  Since  the  relatively  high  resistance  of  the  cooling  coil  or 
spray  is  to  be  balanced  by  the  heating  coil  and  by-pass  connection,  enough 
heating  surface  can  be  provided  to  raise  the  temperature  of  the  by-pass 
air  to  the  point  where  the  mixture  of  by-passed  air  and  conditioned  air 
will  have  the  required  temperature.  When  a  variable  by-pass  is  used,  a 
damper  working  in  opposition  to  the  by-pass  damper  should  be  placed 
across  the  face  of  the  dehumidifier,  for  unless  the  resistances  of  the  two  are 
carefully  balanced  at  all  operating  points,  the  proper  mixtures  of  air  will 
not  be  obtained.  Outside  air  that  has  not  been  dehumidified  should  not 
be  by-passed  around  a  cooling  coil  or  spray  dehumidifier  if  accurate  control 
of  the  delivered  relative  humidity  is  desired.  Where  the  by-pass  is  made 
a  part  of  the  dehumidifier  or  conditioner  and  is  located  on  the  top  or  side 
of  it,  the  return  air  connection  should  be  arranged  so  that  stratification  of 
return  air  is  insured,  baffles  being  provided  to  accomplish  this  purpose  if 
necessary.  Where  return  air  and  by-pass  air  connections  are  taken  off  a 
return  duct  system,  it  may  be  necessary  to  install  a  back-draft  damper 
between  the  return  air  connection  and  the  by-pass  connection.  When  the 
by-pass  damper  is  at  maximum  opening  it  may  be  much  easier  for  outside 
air  to  pass  through  the  return  damper,  into  the  return  duct  connection  and 
through  the  by-pass,  than  for  return  air  to  pass  through  the  by-pass  con- 
nection into  the  fan.  Air  tends  to  take  the  path  of  least  resistance  and,  if 
the  dehumidifier  resistance  is  high,  and  if  the  return  duct  resistances  are 
low,  this  situation  is  apt  to  occur.  A  recirculating  air  fan,  instead  of  a 
back-draft  damper,  may  be  required  for  this  case,  if  the  failure  of  return  air 
to  reach  the  dehumidifier  or  conditioner  is  a  serious  matter  under  reduced 
load  conditions. 

LOCATION  OF  APPARATUS 

In  general,  the  outside  air  intake,  preheaters,  and  return  air  connections 
precede  the  conditioner,  while  the  by-pass,  reheaters  and  fan  follow  it. 
In  the  case  of  a  blow-through  system,  where  the  fan  is  located  ahead  of 
the  conditioner,  the  leakage  of  air  at  the  conditioner  is  outward,  instead  of 
inward,  and  may  be  accompanied  by  water  leakage. 
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The  location  of  the  complete  apparatus  assembly,  including  the  dehumi- 
difier,  will  be  dependent  on  the  type  of  building,  spaces  available,  structural 
characteristics,  etc.  The  type  of  conditioner  used  may  limit  the  location 
under  certain  conditions.  Where  cooling  coils  employing  chilled  water  or 
brine  as  the  cooling  agent  are  used,  there  are  few  limitations  with  regard 
to  location  other  than  those  of  pumping  power,  working  pressures,  piping 
costs,  etc.  Where  spray  dehumidifiers  are  used,  very  definite  limitations 
present  themselves,  and  these  may  require  certain  extraneous  equipment 
to  make  the  system  workable.  If  several  spray  type  dehumidifiers  are 
located  on  different  levels,  thus  involving  different  water  pressures,  a  surge 
or  storage  tank,  to  which  the  return  water  from  each  dehumidifier  can  be 
taken,  is  required.  Should  the  water  level  in  the  pan  of  the  dehumidifiers 
be  low  in  relation  to  that  of  the  surge  tank,  return  water  pumps  will  be 
required,  and  these  pumps  will  have  to  be  operated  until  the  water  supply 
lines  are  drained  in  order  to  prevent 'flooding  of  the  lower  dehumidifiers. 
Where  spray  dehumidifiers  are  on  the  same  level,  equalizing  lines  between 
the  pans  may  be  required  if  a  storage  tank  is  not  provided.  It  is  exceed- 
ingly important  that  water-tight  drained  floors  shall  be  provided  under  all 
overhead  cooling  systems,  since  water  condensed  out  of  the  air  generally 
will  be  present  and  may  damage  the  interior  finish  of  the  rooms  below  the 
apparatus. 

All  of  the  various  pieces  of  equipment  from  the  outdoor  air  intake  through 
the  fan  usually  are  connected  together  by  sheet  metal  casings.  Frequently 
the  building  structure  or  specially  constructed  walls  or  partitions  may  be 
used  to  form  a  portion  of  the  casing.  In  any  case  the  casing  or  connection 
must  be  sufficiently  sturdy  for  the  required  duty.  Sheet  metal  work  must 
be  well  braced  not  only  to  prevent  vibration  under  pulsations  in  air  flow, 
but  also  to  withstand  the  abuse  of  normal  usage.  Casings  should  be 
braced  wherever  access  doors  are  installed,  and  all  large  panels  should  be 
adequately  reinforced  by  structural  steel. 

Accessibility  for  Service 

Each  apparatus  layout  is  to  be  made  with  accessibility  in  mind.  Where 
cooling  convectors  are  used,  space  for  removing  and  repairing  or  replacing 
them  should  be  provided.  Adequate  space  is  to  be  provided  for  the  servic- 
ing and  replacement  of  eliminators.  Whether  these  accompany  sprays  or 
wetted  coils,  filters  must  be  so  located  that  the  proper  cleaning,  replace- 
ment or  routine  servicing  can  be  accomplished  without  difficulty.  Free 
access  to  the  bearings  of  all  moving  machinery  is  a  necessity.  Provision 
should  be  made  for  the  complete  removal  and  replacement  of  any  parts  of 
the  apparatus  that  are  subject  to  wear,  deterioration  or  damage,  whether 
it  may  be  filter,  fanwheel,  motor,  pump,  impeller  or  heat  transfer  surface. 

DESIGN  PROCEDURE 

The  customary  design  procedure  is  outlined  herewith.  For  simplifica- 
tion the  procedure  is  set  up  on  the  basis  of  a  year-round  system.  For 
systems  designed  only  for  winter  or  summer,  the  unrelated  parts  may  be 
omitted. 

1.  Selection  of  design  conditions  (inside  and  outside). 

a.  Summer. 

b.  Winter. 
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2.  Determination  of  outside  air  requirements. 

3.  Determination  of  cooling  load. 

a.  Room  sensible  heat  gain. 

b.  Room  latent  heat  gain. 

c.  Room  total  heat  gain. 

d.  Grand  total  heat  gain. 

4.  Determination  of  heating  load. 

a.  Room  sensible  heat  loss. 

b.  Room  moisture  loss. 

c.  Humidification  requirement. 

d.  Total  heating  requirement. 

5.  Determination    of    apparatus    dewpoint    and    dehumidified 

or  humidified  air  quantity. 

a.  Summer  (full  load  and  part  load). 

b.  Winter. 

6.  Supply  air  temperature  difference  and  quantity. 

a.  Summer* 

b.  Winter. 

7.  Equipment  selection. 

8.  Equipment  layout. 

The  foregoing  steps  are  merely  typical.  Many  applications  will  require 
at  least  a  preliminary  investigation  of  some  of  the  latter  steps  before  pro- 
ceeding with  the  earlier  steps.  A  permanent  record  of  all  design  assump- 
tions and  computations  should  be  made  and  preserved  for  comparison  with 
the  performance  of  the  installation. 


CHAPTER  30 

AIR  DISTRIBUTION 

Standards  for  Satisfactory  Conditions,  Definitions,  Mechanics  of  Air 

Distribution,  Outlet  Performance,  Types  of  Air  Outlets,  Outlet 

Location  and  Selection,  Directional  and  Volume  Control, 

Return  and  Exhaust  Intakes,  Specific  Applications 

/CORRECT  air  distribution  contributes  as  much  or  more  to  the  success 
\^s  of  a  forced  air  heating,  ventilating,  cooling  or  air  conditioning  system 
as  does  any  other  single  factor.  An  air  conditioning  system  may  deliver 
the  required  quantity  of  conditioned  air  and  still  fail  to  give  satisfactory 
room  conditions  because  of  poor  air  distribution.  The  scope  of  the  chapter 
is  limited  to  the  air  distribution  within  the  conditioned  space.  Reference 
is  made  to  the  distributing  duct  system  only  insofar  as  it  affects  the  per- 
formance of  the  air  distribution  outlet.  See  Chapter  31  for  information 
on  air  duct  design. 

STANDARDS  FOR  SATISFACTORY  CONDITIONS 

The  object  of  air  distribution  is  to  create  within  the  space  the  proper 
combination  of  room  temperature,  air  motion  and  humidity,  whether  by 
cooling,  heating  or  ventilating.  The  purpose  to  be  accomplished  deter- 
mines the  factors  to  be  controlled.  For  instance,  in  many  industrial  ap- 
plications it  is  necessary  to  maintain  proper  standards  throughout  a  large 
portion  of  the  space;  sometimes  almost  throughout  the  entire  enclosure. 
In  these  cases  design  room  temperature,  room  air  motion  and  humidity 
will  depend  entirely  upon  the  requirements  of  the  product  and  its  manu- 
facturing processes. 

If,  however,  comfort  of  the  occupants  is  the  principal  objective,  con- 
sideration of  the  occupied  zone  (floor  to  6  ft  above  floor  level)  is  primarily 
required.  In  order  to  obtain  comfort  conditions  within  this  zone,  standard 
limits  have  been  set  up  as  acceptable  effective  temperatures.  This  term 
comprises  air  temperature,  motion,  humidity  and  their  physiological  effect 
on  the  surface  of  the  human  body.  Any  variation  from  accepted  standards 
of  one  of  these  elements  may  result  in  discomfort  to  the  occupants.  The 
same  effect  may  be  caused  by  lack  of  uniformity  of  conditions  within  the 
space  or  by  excessive  fluctuation  of  conditions  in  the  same  part  of  the  space. 
Such  discomfort  may  arise  due  to  excessive  room  air  temperature  variations 
(horizontally,  vertically,  or  both),  excessive  air  motion  (draft),  failure  to 
deliver  or  distribute  the  air  according  to  the  load  requirements  at  the  dif- 
ferent locations,  or  too  rapid  fluctuation  of  room  temperature  or  air  motion 
(gusts). 

In  addition  the  noise  level  created  by  the  introduction  of  supply  air 
should  be  kept  within  acceptable  limits,  and  streaking  or  smudging  of  walls 
or  ceilings  should  be  prevented. 

With  reference  to  permissible  room  air  motion  it  is  not  possible  to  estab- 
lish a  specific  standard  covering  the  entire  complex  problem  of  air  distribu- 
tion. Velocities  less  than  15  fpm  generally  cause  a  feeling  of  air  stagna- 
tion, whereas  velocities  higher  than  65  fpm  will  disturb  loose  paper  sheets 
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on  desks  and  may  result  in  a  sensation  of  draft.  Air  velocities  of  25  to  35 
fpm  in  the  occupied  zone  are  most  satisfactory  ?  but  air  motion  of  20  to  50 
fpm  will  usually  be  acceptable,  particularly  when  the  lower  part  of  this 
range  of  velocity  is  used  in  cooling  applications,  and  the  higher  values  on 
heating  jobs.  In  any  case,  it  is  certain  that  the  effect  of  room  air  motion 

,,  on  comfort  or  discomfort  depends  on  air  temperature  and  direction  as  well 

\  as  on  velocity. 

Reference  should  be  made  to  Chapter  6,  Physiological  Principles,  for 
information  on  effective  temperature  and  comfort  zones.  Material  in 
Chapter  40,  Sound  Control,  covers  acceptable  room  noise  levels  and  noise 
generated  by  air  outlets. 

DEFINITIONS 

The  following  definitions  referring  to  air  distribution  equipment  have 
gained  general  acceptance. 

1.  Supply  Opening  or  Outlet:  Any  opening  through  which  air  is  delivered  into  a 
space  which  is  being  heated,  or  cooled,  or  humidified,  or  dehumidified,  or  ventilated. 

2.  Exhaust  Opening  or  Return  Intake:  Any  opening  through  which  air  is  removed 
from  a  space  which  is  being  heated,  or  cooled,  or  humidified,  or  dehumidified,  or  venti- 
lated. 

3.  Outside  Air  Opening:  Any  opening  used  as  an  entry  for  air  from  outdoors. 

4.  Damper:  A  device  used  to  vary  the  volume  of  air  passing  through  a  confined 
cross-section  by  varying  the  cross-sectional  area. 

5.  Grille:  A  covering  for  any  opening  and  through  which  air  passes.    A  supply 
grille  discharges  air  axially  with  a  limited  spread. 

6.  Register:  A  grille  equipped  with  a  damper. 

7.  Free  Area:  The  total  minimum  area  of  the  openings  in  the  air  outlet  or  inlet 
through  which  air  can  pass. 

8.  Core  Area:  The  total  plane  area  of  the  portion  of  a  grille,  bounded  by  a  line 
tangent  to  the  outer  edges  of  the  outer  openings  through  which  air  can  pass. 

9.  Mean  Area:  The  total  of  the  core  and  free  areas  divided  by  two. 

10.  Percentage  Free  Area:  The  ratio  of  the  free  area  to  the  core  area  expressed  in 
percentage. 

11.  Aspect  Ratio:  The  ratio  of  length  of  the  core  of  a  grille  to  the  width. 

12.  Vane  Ratio:  The  ratio  of  depth  of  vane  to  shortest  opening  width  between  two 
adjacent  vanes. 

13.  Plaque:  A  ceiling  outlet  in  which  the  supply  air  impinges  against  a  plate  or 
series  of  parallel  plates,  and  is  deflected  horizontally  in  all  directions. 

14.  Diffuser:  An  outlet  discharging  supply  air  in  various  directions  and  planes, 
thereby  effecting  its  mixture  with  the  room  air. 

15.  Primary  Air:  The  air  delivered  to  the  outlet  by  the  supply  duct. 

16.  Induction:  The  entrainment  of  room  air  by  an  air  stream. 

17.  Internal  Induction:  The  induction  of  room  air  drawn  into  an  outlet  by  the 
primary  air  stream.    (Commonly  called  aspiration) . 

18.  External  Induction:  The  induction  of  room  air  by  the  air  stream  discharged 
from  the  outlet  (commonly  called  secondary  air  motion) . 

19.  Induced  Air:^  The  room^air  entrained  by  the  primary  air  through  internal  in- 
duction, or  by  the  discharged  air  through  external  induction  or  both. 

20.  Total  Air:  The  mixture  of  primary  air  and  induced  air. 

21.  Induction  Ratio:  The  total  air  divided  by  the  primary  air. 

22.  Throw  (Blow):  The  horizontal  or  vertical  axial  distance  an  air  stream  travels 
on  leaving  the  outlet  (grille)  to  a  position  at  which  air  motion  reduces  to  a  maxi- 
mum velocity  of  50  fpm. 

23.  Drop:  The  vertical  distance,  the  lower  edge  of  a  horizontally  projected  air 
stream  drops  between  the  outlet  and  the  end  of  its  throw. 

24.  Rise:  The  converse  of  drop. 

25^  Envelope:  The  outer  boundary  of  an  air  stream  moving  at  a  perceptible 
velocity. 
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26.  Spread:  The  divergence  of  the  air  stream  in  a  horizontal  or  vertical  plane  after 
it  leaves  the  outlet. 

27.  Diffusion:  Distribution  and  mixing  of  air  within  a  space,  accomplished  by  an 
outlet  discharging  supply  air  in  various  directions  and  planes  in  order  to  effect  the 
desired  air  conditions  in  the  occupied  zone  of  that  space. 

28.  Radius  of  Diffusion:  The  horizontal  distance  from  the  diffuses  outlet  to  the 
perimeter  of  the  space,  within  which  effective  diffusion  is  accomplished  and  air 
motion  in  the  occupied  sone  is  reduced  to  50  fpm  maximum. 

29.  Outlet  Velocity:  The  average  velocity  of  air  emerging  from  the  outlet  measured 
in  the  plane  of  the  opening. 

30.  Terminal  Velocity:  The  average  air  stream  velocity  at  the  end  of  the  throw. 

31.  Temperature  Differential:  Temperature  difference  between  primary  and  room 
air. 

32.  Temperature  Variation:  Temperature  difference  between  points  of  the  same 
space. 

MECHANICS  OF  AIR  DISTRIBUTION 

In  the  mechanics  of  air  distribution,  two  major  problems  are  involved: 
(1)  complete  mixing  of  the  primary  air  and  air  outside  of  the  zone  of  occu- 
pancy in  order  to  reduce  the  temperature  difference  and  air  motion  to 
acceptable  limits  before  the  air  enters  the  occupied  zone;  and  (2)  counter- 
action of  the  natural  convection  and  radiation  effects  within  the  room. 

The  theory  concerning  the  distribution  of  conditioned  air  within  an  en- 
closure is  still  incomplete,  and  no  general  law  governing  outlet  performance 
has  been  formulated.  The  characteristics  and  performances  of  the  various 
existing  types  of  outlets  must  therefore  be  evaluated  largely  by  experimen- 
tal work.  Some  progress  has  been  made  concerning  the  theoretical  analy- 
sis of  the  characteristics  of  a  primary  air  stream  discharged  in  an  uncon- 
fined  space,  i.e.,  a  space  large  enough  so  that  the  primary  air  stream  is  not 
disturbed  by  contact  with  surfaces,  or  by  adjacent  streams.  The  approach 
to  this  problem  is  usually  made  by  means  of  the  momentum  theory.  De- 
velopment of  this  theory  has  so  far  been  confined  to  side  wall  distribution  of 
air,  because  this  is  its  most  elementary  application.  Fundamentally,  the 
same  laws  apply  also  to  ceiling  distribution,  but  a  great  amount  of  addi- 
tional research  is  still  required  to  adapt  them  to  the  more  complicated 
conditions  of  deflection  of  air  up  to  90  deg,  spread  up  to  360  deg  and  the  re- 
sulting rapid  induction. 

Momentum  Theory 

When  air  is  discharged  from  an  outlet  into  a  free  open  space,  the  primary 
air  stream  entrains  room  air  as  it  traverses  the  space.  This  entraining 
effect  increases  the  cross-sectional  area  and  reduces  the  velocity  of  the 
resulting  air  stream.  When  the  air  stream  is  projected  horizontally,  in- 
duction takes  place  with  the  conservation  of  linear  momentum.  This  has 
been  confirmed  by  tests  which  indicate  that  the  momentum  remains 
almost  constant  throughout  the  entire  measurable  length  of  the  air 
stream.  This  relationship  may  be  expressed  by  Equation  1: 


-  (M,  +  Ma)7,  (1) 

where 

MI  —  mass  of  primary  air. 
Af  a  «  mass  of  induced  air. 
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Fj  m  Y@I0eity  of  primary  air. 

Fs  »  velocity  of  Induced  air  (for  practical  U8es  F*  =*  0). 

FI  »  velocity  of  the  mixture. 

If  the  velocity  of  induced  air  Is  sero,  Equation  1  changes  to  : 


Since  In  many  applications  the  densities  of  primary  and  room  air  are 
about  equal,  air  volumes  may  be  substituted  for  mass  and  Equation  2 
becomes: 


ys         Qi         ql  w/ 

where 

Ql  =>  volume  of  primary  air,  cubic  feet  per  minute. 
Qs  =»  volume  of  secondary  air,  cubic  feet  per  minute. 

Qi  »  volume  of  mixture  of  primary  air  and  induced  air,  cubic  feet  per  minute, 
r  » induction  ratio. 

Jet  Pattern  From  Round  or  Rectangular  Openings  in  a  Large  Room 

The  relation  between  the  shape  of  the  discharge  of  a  jet  and  the  shape 
of  the  conventional  outlet  has  long  been  the  subject  of  research.  It  has 
been  proved  to  be  incorrect  to  assume  that  the  jet  retains  the  outlet  shape 
when  it  discharges  into  a  free  open  space.1  Air  streams  from  rectangular 
outlets  having  low  aspect  ratios  develop  a  symmetrical  or  cone  shape  within 
a  few  diameters  from  the  outlet  face.  From  there  on,  the  jet  continues  to 
expand  at  a  fairly  constant  rate.  Beyond  20  diameters  there  is  very  little 
difference  between  round  and  rectangular  jets.  The  assumption  can  be 
made  that  the  apex  of  the  cone  is  in  the  same  position  for  any  jet  having  a 
small  aspect  ratio.  For  the  more  usual  problems  of  the  conventional  room 
with  outlets  near  the  ceiling,  there  are  insufficient  experimental  data  to 
justify  a  definite  statement  on  the  effect  of  aspect  ratio. 

If  the  round  or  rectangular  opening  is  divided  into  a  number  of  orifices 
having  straight  sides,  the  performance  of  the  air  stream  will  be  similar  to 
that  of  a  plain  opening. 

Velocity  Across  Jets 

Eesults  of  many  tests1  Indicate  that  the  ratio  of  centerline  velocity  to 
average  velocity  is, about  3,  irrespective  of  outlet  size,  shape  or  initial 
velocity.  This  statement  is  true  for  stream  cross-sections  located  beyond 
10  diameters  from  the  outlet,  and  is  fairly  accurate  for  distances  up  to  50 
diameters.  Experimental  data  are  lacking  for  distances  beyond  50  diam- 
eters. 

Effect  of  Aspect  Ratio  on  Entrainment 

In  slotted  outlets,  the  air  entrainment  of  the  primary  jet  is  a  function  of 
aspect  ratio.1  This  effect  is  most  pronounced  when  large  changes  in  the 
ratio  are  made.  A  comparison  between  a  slot  of  aspect  ratio  24  and 
a  square  opening  of  the  same  area  is  given  in  curves  A  and  B  of  Fig.  L  At 
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a  distance  of  8  ft  from  the  outlet,  the  entrainment  of  the  slot  is  8.1  as  com- 
pared with  6.9  for  the  square,  or  an  increase  of  about  17  per  cent, 

Curve  C  shows  the  further  increase  in  entrainment  obtained  by  using  an 
aspect  ratio  of  48.    An  increase  of  40  per  cent  is  obtained  over  the  24  in.  x 
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DISTANCE  FROM  OUTLET,  FEET 

FIG.  L  TYPICAL  RELATION  OP  ENTRAINMBNT  RATIO  TO  DISTANCE  FBOM  OUTLET 
FOB  SLOTTED  OUTLETS.    (BASBD  ON  800  PPM  OUTLET  VELOCITY,) 

1  in.  slot.    This  indicates  that  long  narrow  slots  produce  air  streams  that 
give  high  induction  of  secondary  air. 

Parallel  Slots 

The  use  of  several  slots  in  parallel  to  vary  the  rate  of  air  entrainment 
depends  mainly  xm  the  distance  between  the  slots.  If  close  together,  the 
air  pattern  is  about  the  same  as  for  a  smgle  opening  of  equal  area.  Spac- 
ing the  openings  farther  apart  gives  an  increase  in  entrainment  as  shown  on 
curves  D  and  E  of  Fig.  1.  It  will  be  noted  that  2  openings  24  in.  x  J  in. 
located  very  close  together  will  obtain  an  entrainment  which  is  about  the 
same  as  obtained  with  one  24  in.  x  J  in.  opening.  However,  if  the  slots  are 
spaced  6j  in.  apart  there  is  a  marked  increase  in  entrainment. 
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Throw 

Equations  for  the  throw  of  straight  flow  side  wall  outlets  have  been  de- 
veloped on  the  basis  of  the  momentum,  theory.  Equation  4  states  the 
throw  in  terms  of  the  area  of  the  outlet  and  the  primary  air  volume  :s 

L  -  0.82  -~=  (4) 

where 

L»  tnrow,feet. 
At  «  eff ective  outlet  area ,  in  square  inches  *»  (gross  measured  area)  X  (percentage 

of  free  area/100)  X  (discharge  coefficient) . 
The  discharge  coefficient  is  approximately  0.8. 

Equation  4  has  been  developed  under  the  assumption  that  the  tempera- 
ture of  the  supply  air  is  the  same  as  the  temperature  of  the  room  air.  It 
applies  only  to  straight  flow  outlets  with  aspect  ratios  less  than  16. 

Equation  5  for  the  performance  of  straight  flow  outlets  evolved  from 
research1  allows  the  calculation  of  the  maximum  residual  velocity  at  any 
distance  perpendicular  to  the  outlet  face.  It  applies  for  aspect  ratios  up 
to  50. 

where 

Vr  **  maximum  residual  velocity  in  air  stream,  i.e.,  the  highest  maintained  velocity 

at  the  given  cross  section  in  the  room,  feet  per  minute. 
Fi  •»  average  initial  velocity  across  outlet,  feet  per  minute. 
K  —  constant  of  proportionality. 
Ai  «•  effective  outlet  area  in  square  feet  -»  (gross  measured  area)  X  (percentage  of 

free  area/100)  X  (discharge  coefficient) . 
X  **  normal  distance  from  outlet  face,  feet. 

Equation  5  together  with  Equation  6  (which  reduces  to  Equation  7  if 
the  jet  angle  is  20  deg)  for  the  entrainment  ratio, 

0.785  K  f     /~T~  e  V 

Entrainment  Ratio  »   •  -       —  [  j  /  .    V  +  2Ztan  -  I   —  1 
RXVAi\/y  0.785  V 


(6) 
/i^V^i  \y   0.785  a/ 

where 

E  —  ratio  of  maximum  residual  velocity  to  average  residual  velocity. 
6  «  jet  angle  or  spread  angle  in  degrees. 


Entrainment  Eatio  =  ~^^  (  &  /  ~^~  -f  0.35  X  V  - 
(20  deg  jet  angle)       BlVZi  \J   0.785  / 


has  been  used  to  develop  charts8  which  provide  the  graphical  solution  of 
problems  involving  the  determination  of  the  throw  of  air  from  slots  and  jets, 
the  residual  velocity,  and  the  size  of  openings.  (See  Figs.  2  and  3).  The 
charts  apply  only  to  air  discharging  into  room  air  of  same  temperature  as  the 
stream.  They  can  be  used  to  determine  the  throw  of  air  and  entrairiment 
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ratios  lip  to  40 : 1  with  initial  velocities  of  1000  to  6000  fpm,  and  with,  residual 
velocities  of  100  to  1000  fpm.  The  charts  furthermore  are  for  use  with 
sharp-edged  orifices  or  slots,  and  include  the  coefficient  of  discharge.  If  air 
is  discharged  from  an  orifice  with  a  well-rounded  entrance  or  from  a  length 
of  straight  duct,  the  coefficient  of  discharge  is  unity  and  the  actual  area  of 
the  opening  is  the  effective  area.  For  such  rectangular  openings  the 
effective  diameter  is  the  diameter  of  a  circle  with  an  area  equal  to  the  actual 
area  of  the  rectangle.  The  following  examples  will  illustrate  the  use  of  the 
charts  : 

Example  I:  Air  is  delivered  to  a  cooler  through  independent  slots  each  24  in.  x2  in. 


100 


ISO          200      250    300          400       500    600  700  800     t,000 

MAXIMUM    RESIDUAL   VELOCITY    FPM 


FIG.  2.  RELATION  BETWEEN  INITIAL  VELOCITY,  RESIDUAL  VELOCITY, 
ENTRAINMENT  RATIO  AND  THROW  OF  AIR  FROM  JETS  AND  SLOTS 

with  an  initial  velocity  of  2000  fpm.    Determine  the  maximum  residual  velocity  and 
the  entrainment  ratio  at  a  distance  of  15  ft  from  the  slot. 

From  Fig.  3  the  effective  diameter  =  6.2  in.  =  0.52  ft.  The  number  of  effective 
diameters  in  15ft  »  15/0.52  =  28.8. 

From  Fig.  2  at  2000  ft  initial  velocity  read  entrainment  ratio  =  6.6  and  maximum 
residual  velocity  -  390  fpm.  From  tests  it  has  been  shown  that  the  average  residual 
velocity  may  be  taken  as  }  of  the  maximum  or  130  fpm  in  this  case. 

Example  £:  Using  the  data  from  Example  1  determine  the  distance  at  which  the 
maximum  residual  velocity  will  be  150  fpm. 

From  Fig.  2  at  Fi  »  2000  and  Vr  =»  150,  the  number  of  effective  diameters  is  read 
directly  as  73  and  the  throw  of  the  air  is  therefore  73  x  0.52  »  38  ft. 

Example  $:  Air  issues  from  a  round  orifice  plate  with  an  initial  average  velocity  of 
4000  fpm.  It  is  to  have  a  maximum  residual  velocity  of  400  fpm  at  a  distance  of  30  ft 
from  the  opening.  Calculate  the  size  of  the  opening  required  and  the  entrainment 
ratio. 

On  Fig.  2  at  the  intersection  of  the  curve  of  4000  fpm,  the  entrainment  ratio  is  read 
directly  as  15  and  the  effective  diameters  of  throw  **  .55. 
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Since  55  effective  diameters  are  equal  to  30  ft  as  required,  I  effective  diameter  « 
!|  =  0.645  ft  or  6.56  in. 

On  Fig.  3  vertically  below  intersection  of  0.56  in,  effective  diameter  line,  and 
equivalent  round  opening  line,  read  8.5  in.  in  lower  margin. 

Example  4:  A  jet  of  air  issues  from  a  pipe  or  from  air  orifice  having  a  well-rounded 


EFFECTIVE      DIAMETER 
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ROUND     AND     RECTANGULAR 


OPENINGS      (  PLENUM      APPROACH 


£        2.5      3  4         5        6      7     8     8   Id  15 

SLOT  WIDTH  OR  OfWPICE  DIAMETER  -INCHES 
FIG.  3.  EFFECTIVE  DIAMETERS  TOE  ROTJND  AND  RECTANGULAR  OPENINGS 
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entrance  (coefficient  of  discharge  =  1.0)  and  delivers  air  with  the  same  velocities  and 
with  the  same  throw  as  in  Example  8.    What  is  the  required  diameter? 

In  this  case  since  the  coefficient  of  discharge  is  unity,  the  effective  diameter  of  the 
jet  is  the  actual  diameter  of  the  pipe  or  orifice,  or  6.56  in.,  as  obtained  in  Example  S. 

Spread 

The  induction  effect  results  in  the  spreading  of  the  air  stream..    The  total 
angle  included  by  the  air  stream  from  straight  flow  outlets  has  been  meas- 
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ured  and  found  to  be  between  14  and  25  deg.    The  angle  will  depend  on  the 
type  of  approach,  type  of  outlet  and  velocity. 

The  effect  of  vertical  bars  placed  in  the  face  of  the  outlet  to  increase  the 
spread,  may  also  be  deduced  from  the  momentum  theory.  Assuming  that 
there  are  no  horizontal  deflecting  bars,  and  that  the  air  spreads  vertically 
through  a  total  angle  of  14  deg;  that  a  uniform  velocity  exists  at  any  sec- 
tion of  the  air  stream;  and  that  the  conservation  of  momentum  principle 
applies  down  to  a  velocity  of  60  fpm;  the  following  approximate  equations 
for  throw  are  to  be  substituted  for  Equation  4  :2 

Qi 
For  a  spread  of  15  deg  on  each  horizontal  side  L  =*  0.55  —7=  (8) 


For  a  spread  of  30  deg  on  each  horizontal  side  L  »  0.37  —-=.  (0) 


For  a  spread  of  45  deg  on  each  horizontal  aide  L  «  0.28  —=  (10) 

" 


Straight  Diverging  Converging 

FIGK  4.  SPREAD  OF  AIR  STBBAM  WMH  VARIOUS  VANES 

Guide  Vanes 

Vanes  should  have  a  depth  of  one  to  two  times  the  spacing  between  the 
vanes.  If  the  ratio  of  vane  depth  to  spacing  is  less  than  one,  effective  con- 
trol by  means  of  the  vanes  cannot  be  obtained.  Little  improvement  is  ob- 
tained^by  increasing  the  ratio  beyond  two.  The  effect  of  various  types  of 
vanes  is  given  in  following  paragraphs. 

Straight  Vanes .  As  mentioned  previously,  the  included  angle  between  both  planes 
will  be  in  the  neighborhood  of  14  deg,  for  a  strai'ght  setting  of  the  vanes  as  shown  in 
Fig.  4. 

Diverging  Vanes.  Such  vanes  set  for  an  angular  spread  will  have  a  marked  effect 
on  the  direction  and  distance  of  travel  of  an  air  stream.  An  outlet  having  vertical 
vanes  set^straight  forward  in  the  center,  with  uniformly  increasing  angular  deflection 
to  a  maximum  at  each  end  of  45  deg,  will  produce  an  air  stream  with  a  horizontal 
included  angle  of  approximately  60  deg  as  shown  in  Fig.  4.  The  throw  will  be  re- 
duced one-half  for  such  a  vane  setting.  Increasing  the  divergence  of  the  vanes 
reduces  the  air  quantity  handled  by  an  outlet,  for  a  given  duct  static  pressure.  The 
primary  function  of  the  vanes  is  to  spread  the  air  horizontally  .^  Spreading  the  air 
vertically  entails  the  risk  of  hitting  beams  or  other  obstructions,  or  of  blowing 
primary  air  at  excessive  velocities  into  the  occupied  zone. 

Converging  Vanes.  The  blow  of  an  outlet  may  be  somewhat  increased  by  converg- 
ing the  vanes  of  an  outlet  as  illustrated  in  Fig.  4.  Even  with  converging  vanes,  the 
resultant  angle  of  spread  of  an  air  stream  will  not  be  less  than  14  deg.  The  air 
converges  for  a  few  feet  in  front  of  the  outlet,  and  then  diverges  more  than  if  the 
vanes  had  been  set  straight. 

Both  the  horizontal  and  vertical  vanes  of  an  outlet  are  important.  After 
an  installation  has  been  made,  many  conditions  of  draftiness  or  stuffinesi 
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can  be  alleviated  by  some  vane  adjustment,  provided  an  independent  means 
for  regulation  of  static  pressure  behind  the  vanes  is  included. 

Vertical  Drop  and  Rise 

The  distance  that  the  lower  edge  of  the  air  stream  drops  below  the  bottom 
of  the  outlet  is  important,  since  the  air  stream  should  not  reach  the  occupied 
zone  until  the  velocity  has  fallen  to  about  50  fpm.  The  drop  (H9  feet)  is 
influenced  by  two  forces ;  the  natural  vertical  spread  of  the  stream  and  the 
gravitational  force  due  to  the  difference  in  density  between  supply  air  and 
room  air.  For  air  emerging  at  room  temperature,  the  drop  will  be  a  func- 
tion of  the  spread  only  and  will  he  equal  to : 


(II) 

\  a  / 

where 

Hi  »  drop  du®  to  spread  (when  emerging  air  and  room  temperature  are  the  same), 

feet. 
I/«  throw,  feet. 

When  there  is  a  temperature  difference  between  the  air  stream  and  the 
room,  there  is  an  additional  drop  which  is  approximately:4 


where 

Hz  «  additional  drop  due  to  temperature  difference,  feet. 
ni  andn*  =  constants  (tentative  suggested  values  n\  «  5,  nt  »  1.2). 
(r  =  room  temperature,  degrees  Fahrenheit. 
tm  »  supply  air  temperature,  degrees  Fahrenheit. 
FI  •»  jet  velocity,  feet  per  minute* 

It  should  be  remembered  that  the  total  drop  H  =  H\  +  £r2-  ffi  is 
positive  for  either  heating  or  cooling ;  H%  is  positive  for  cooling,  negative 
for  heating.  In  consequence,  there  will  always  be  vertical  drop  in  cooling, 
and  a  vertical  rise  in  heating  only  if  If  2  >  H i. 

Another  empirical  equation  for  the  total  drop  is  :2 


Fi 
where 

m  -»  constant  (tentatively  suggested  value  of  m  «  16) . 

IB  other  words,  for  a  given  throw  L,  the  drop  or  rise  increases  as  the  tem- 
perature difference  increases  and  the  outlet  velocity  decreases.  This  equa- 
tion is  only  valid  if  a  temperature  difference  exists  between  room  air  and 
supply  air. 

Room  Air  Motion  (Wall  Outlet) 

One  of  the  most  important  problems  in  air  distribution  is  to  achieve  air 
motion  in  the  occupied  zone  within  acceptable  velocity  limits*  Therefore, 
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outlet  performance  and  characteristics  of  the  space  have  to  be  related  to 
this  air  motion. 

The  air  moving  in  the  occupied  zone  is  (for  a  side  waH  outlet)  equal  in 
quantity  to  the  total  air  contained  in  the  outlet  stream  at  the  end  of  the 
throw,  and  it  is  generally  moving  in  a  direction  opposite  to  the  stream. 
Assuming  that  the  maximum  volume  of  air  is  in  circulation  when  the  air 
stream  velocity  F3  drops  to  200  fpm,  that  the  free  area  for  return  flow  is 
0.6  of  the  area  of  the  wall  in  which  the  outlets  are  located,  then,  according 
to  the  momentum  theory:2*4 


(14) 


0.6s  Aw 
where 

V  »  average  room  velocity,  fpm. 
Q3  «  volume  of  room  air  in  motion,  cfm. 
A***  area  of  wall  in  which  outlet  is  located,  square  feet. 

Fi 
Since  Q3  =  Qi  x  r,  (by  definition) ;  and  r  =»  7=-  according  to  Equation  3 ; 

V* 

the  average  room  velocity  is: 


or,  with  F3  =  200  fpm 

ft.  17. 

(15) 


When  the  volume  Qi,  of  primary  air,  the  velocity  Fi,  of  primary  air  and 
the  wall  area  Aw,  are  known,  the  average  room  velocity  may  be  calculated 
from  Equation  15  in  order  to  determine  the  acceptability  of  the  air  dis- 
tribution system. 

OUTLET  PERFORMANCE 

The  factors  of  outlet  performance,  (1)  throw,  (2)  drop,  (3)  room  air 
motion,  (4)  capacity,  (5)  temperature  differential,  (6)  dirt  and  (7)  noise, 
place  considerable  limitations  on  the  design  of  a  satisfactory  distribution 
system. 

1.  Throw.  The  throw  of  a  wall  outlet  must  be  sufficient  to  produce  satisfactory 
conditions  over  the  area  to  be  conditioned.  Underblowing  may^  cause  heated  air  to 
rise  too  rapidly  above  the  occupied  zone  and  thus  create  excessive  vertical  temper- 
ature variation  (stratification)  ;  in  cooling  operation  it  may  cause  cold  air  to  drop  into 
the  occupied  zone  before  a  satisfactory  mixing  of  supply  and  room  air  has  been  ac- 
complished by  induction  and  thereby  create  a  condition  of  acute  discomfort  (draft) . 
On  the  other  hand,  overblowing  will  result  in  objectionable  downdrafts  from  any 
surface  the  primary  air  stream  may  strike. 

On  the  average,  it  is  considered  most  practicable  to  select  a  throw  which  is  three- 
fourths  of  the  distance  toward  an  exposed  wall  or  window,  as  shown  in  A  of  Fig.  5. 
However,  structural  characteristics,  mounting  height,  temperature  differential  and 
resultant  drop  or  rise,  or  location  of  greatest  heating  or  cooling  loads  strongly  affect 
the  selection  of  the  optimum  throw.  In  spaces  with  beamed  ceilings,  the  outlets 
should  be  located  below  the  bottom  of  the  lowest  beam  level,  and  preferably  low 
enough  so  that  an  upward  or  arched  blow  may  be  employed.  The  blow  should  be 
arched  sufficiently  to  miss  the  beams  and,  at  the  same  time,  in  such  a  manner  as  to 
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prevent  the  primary  or  induced  air  stream  from  striking  furniture  and  obstacles,  and 
producing  objectionable  drafts. 

In  the  case  of  ceiling  diff users,  air  is  distributed  with  a  horizontal  spread  of  360 
deg.  In  addition  there  is  a  downward  component  of  air  motion.  Therefore,  both 
throw  (radius  of  diffusion)  and  mounting  height  are  important  and  interdependent 
factors.  Due  to  the  360  deg  spread  of  air  diffusion,  the  rate  of  induction  will  be  higher 
and  the  throw  shorter  than  that  of  a  wall  grille  opening  handling  the  same  air  quantity 
at  the  same  outlet  velocity.  Therefore,  ceiling  diff  users  will  frequently  permit  the 
use  of  higher  air  velocities  than  wall  outlets,  and  consequently  may  be  sized  smaller 
to  handle  the  same  air  volumes.  If  such  ceiling  outlets  are  installed  flush  with  the 
ceiling,  impingement  of  the  air  stream  along  the  ceiling  surface  restricts  induction 
of  secondary  air,  and  the  throw  is  increased  approximately  20  per  cent  above  that  of 
an  unrestricted  air  stream. 

In  the  use  of  perforated  ceiling  plates  as  air  distributing  devices,  the  term  throw 
could  hardly  be  applied  in  its  proper  meaning.  Although  this  type  of  outlet  can 
handle  the  greatest  amount  of  air  in  proportion  to  room  size,  jet  velocities  must  be 
kept  low. 

In  all  types  of  ceiling  air  distribution  the  following  should  be  noted: 

If  cold  air  is  used,  it  must  be  brought  to  the  proper  temperature  by  mixing  with 
room  air  before  entering  the  zones  of  occupancy. 
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Air  slightly  above  room  temperature  will  usually  be  properly  distributed  by  outlets 
selected  for  cooling. 

When  delivering  warm  air  the  same  may  be  projected  downward,  and  the  amount  of 
dispersal  of  the  jet  varied  to  obtain  proper  mixing  and  control. 

2.  Drop.    The  outlets  should  be  located  so  that  the  air  stream  at  the  termination 
of  the  blow  is  not  less  than  5  or  6  ft  above  the  floor  level.    As  illustrated  in  B  of  Fig. 
5  the  maximum  permissible  blow  for  a  given  ceiling  height  may  be  obtained  by  locat- 
ing the  outlet  low  on  the  wall,  arching  the  blow,  and  sweeping  the  air  across  the  flat 
celling.    The  air,  as  it  traverses  the  room,  will  adhere  to  the  ceiling.    The  objection 
to  this  method  is  the  possible  streaking  of  the  ceiling  with  dirt. 

3.  Room  Air  Motion.    Various  features  may  cause  room,  air  motion  to  exceed  ac- 
ceptable standards.    Some  of  these  are:  excessive  air  discharge  velocities;  high  air 
volume  per  cubic  foot  of  space  (often  referred  to  as  number  of  air  changes  per  hour) ; 
premature  drop  of  cold  air  into  the  occupied  zone;  overblow  causing  spilling  of  high 
velocity  air  into  the  occupied  zone;  heating  in  severe  climates  by  means  of  downward 
projection  of  hot  air.    It  should  be  realized  that  these  factors  will  not  equally  affect 
all  types  or  designs  of  outlets  at  different  temperature  differentials,  mounting  heights, 
etc.    For  instance,  certain  outlets  may  safely  handle  more  air  per  cubic  foot  of  space 
at  higher  discharge  velocities  than  others,  and  downward  projection  of  supply  air 
will  sometimes  not  be  considered  excessive  if  the  supply  air  temperature  is  sub- 
stantially higher  than  the  room  temperature. 

4.  Capacity.    The  quantity  of  air  to  be  handled  is  determined  by  the  heating, 
cooling,  or  ventilating  requirements.    Manufacturers*  rating  sheets  are  usually 
consulted  for  selection  of  the  proper  number,  size  and  type  of  outlets  for  a  given  air 
quantity.    The  basis  of  rating  used  should  be  carefully  noted  to  make  certain  that 
resulting  velocities  are  suitable  for  the  application. 
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5.  Temperature  Differential.    This  is  one  of  tlie  most  important  factors  affecting 
outlet  performance.    The  quality  of  the  temperature  control,  or  the  extent  of  the 
control  problem,  is  directly  a  function  of  temperature  difference.    Obviously,  a 
system  which  carries  under  design  conditions  only  a  5  deg  difference  between  supply 
air  stream  and  room  temperature,  would  require  no  control  at  all,  for  even  a  50  per 
cent  change  in  load  could  only  effect  a  2|  deg  change  in  room  temperature  under  the 
worst  conditions.    Because  of  the  self-equalizing  nature  of  most  load  factors,  even 
this  extreme  is  never  realized.    It  is  obvious  that  the  greater  the  temperature  dif- 
ferential between  supply  air  and  room  temperature,  the  greater  will  be  the  change  in 
room  temperature  for  a  given  change  in  load.    The  use  of  outlets  that  give  rapid 
mixing,  permits  greater  temperature  differentials.    These  principles  apply  in  both 
heating  and  cooling  practice. 

6.  Dirt.    Although  the  primary  air  may  be  carefully  filtered,  small  particles  of 
dirt  and  dust  will  not  be  captured  by  mechanical  filters,  and  may  finally  be  deposited 
on  the  walls  or  ceiling.    With  ceiling  outlets,  dirt  streaking  may  be  minimized  by 
carefully  controlling  the  discharge  of  the  outlets.    With  wall  outlets,  dirt  streaking 
may  be  minimized  by  preventing  direct  impingement  of  the  air  on  any  ceiling  or  room 
surface.    Floor  outlets  may  offer  objection  as  dirt  collectors. 

7.  Noise.    The  increase  of  noise  level  caused  by  an  outlet  is  primarily  a  function 
of  its  air  discharge  velocity  and  its  size.    The  maximum  acceptable  noise  level  in  a 
space  may  dictate  completely  the  selection  of  the  permissible  outlet  velocity.    In 
addition,  however,  noise  may  be  caused  by  excessive  restriction  of  free  outlet  area  due 
to  outlet  design;  by  unnecessary  turbulence  due  to  one  sided  air  flow  through  the 
outlet;  or  by  the  impingement  of  high  velocity  air  on  sharp  edges.    Such  high  fre- 
quency noises  due  to  excessive  turbulence  are  especially  annoying  (see  Chapter  40 
for  discussion  of  permissible  room  noise  levels  and  noise  generation  by  outlets), 

TYPES  OF  AIR  OUTLETS 

Two  types  of  air  supply  outlets  are  commonly  used ;  side  wall  and  ceiling. 
A  variety  of  designs  has  been  developed  for  both  types,  and  the  final  selec- 
tion depends  to  a  large  degree  upon  the  specific  problems  arising  in  tiie  air 
distribution  system  to  be  used. 

In  addition  to  the  comments  on  use  and  application  of  outlets  which  fol- 
low, reference  should  also  be  made  to  sections  of  this  chapter  on  Outlet 
Location  and  Selection,  as  well  as  on  Specific  Applications. 

Wall  Outlets 

Wall  type  openings  in  general  use  are:  (1)  perforated  grilles,  (2)  vaned 
outlets,  (3)  registers,  (4)  slotted  outlets,  (5)  ejector  nozzles,  and  (6)  wall 
diffusers. 

1.  Perforated  Grilles.    Due  to  the  non-ad justibility  and  small  vane  ratio,  these 
outlets,  although  inexpensive,  have  not  ^met^  with  favor  as  wall  type  supply  open- 
ings.   They  are  useful  primarily  where  directional  air  control  is  unnecessary,  and  for 
return  air  intakes. 

2.  Vaned  Outlets.    Outlets  equipped  with  either  vertical^or  horizontal  adjustable 
vanes  or  both  are  particularly  suited  to  side  wall  distribution.    For  proper  control 
over  the  air  flow,  the  vane  ratio  should  be  from  1  to  2.    Outlets  with  non-adjustable 
vanes  may  be  employed,  but  they  should  only  be  used  where  the  performance  is  not 
critical  or  can  be  adequately  predicted.^   Vanes  should  be  properly  designed  to  pre- 
vent an  increase  of  noise  above  permissible  level. 

3.  Registers.    Perforated  grilles  or  vaned  outlets  equipped  with  a  vane  damper  are 
termed  registers.    They  are  used  primarily  for  residential  heating  systems,  where  the 
outlet  distribution  is  not  critical  and  low  cost  is  of  importance. 

4.  Slotted  Outlets.    Slotted  outlets  consist  essentially  of  either  flat  steel  plates 
containing  a  number  of  long  narrow  slots,  or  a  single  long  narrow  slot.    In  order  to 
give  a  good  conversion  from  static  pressure  to  velocity  pressure,  the  sides  of  the  slot* 
are  rounded  to  give  a  venturi  effect.    Due  to  their  high  aspect  ratio,  the  slotted  out- 
lets have  a  greater  induction  effect  than  the  comparable  vaned  outlets  of  equal  area 
and  consequently,  the  throw  is  reduced*    They  are  primarily  useful  where  an  un- 
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obtrusive  means  of  distribution  Is  desired,  and  where  It  is  desirable  to  submerge  the 
outlets  into  the  room  decoration  and  to  minimize  the  effect  of  obstructions  in  the  line 
of  discharge.  They  are  adaptable  to  narrow  rooms  having  low  ceilings.  In  this 
case  the  slots  should  extend  the  full  length  of  the  room.  In  all  applications  air 
quantity  and  distribution  must  be  carefully  planned,  as  correction  after  Installation 
is  difficult. 

5.  Ejector  Nozzles.    These  are  outlets  operating  at  high  static  pressure.    They 
give  a  high  conversion  from  static  In  the  duct  to  velocity  pressure  in  the  outlet,  and 
have  a  high  induction  effect  due  to  their  high  outlet  velocity.    They  are  chiefly 
used  for  long  throw  and  Industrial  process  Installations,  such  as  drying,  freezing, 
cooking,  etc.    Another  type  of  ejector  is  sometimes  referred  to  as  a  louver  nozzle  and 
has  a  45  to  90  deg  elbow /which  can  be  rotated  similarly  to  a  universal  joint  about  an 
axis  perpendicular  to  the  surface  to  which  It  is  fastened.    These  outlets  give  a  con- 
siderable degree  of  adjustability  and  are,  therefore,  desirable  for  use  in  confined 
spaces  where  spot  cooling  is  employed.    The  use  of  very  high  velocities  Is  gradually 
disappearing  due  to  noise  difficulties. 

6.  Wall  Diffusers.    These  outlets  incorporate  design  features  originally  developed 
for  ceiling  outlets,  and  use,  therefore,  semi-conical  or  semi -pyramidal  guide  vanes 
instead  of  the  straight  vanes  of  the  conventional  side  wall  outlet. 

Ceiling  Outlets 

Generally  used  ceiling  outlets  are:  (1)  plaques,  (2)  ceiling  diffusers,  and 
(3)  perforated  ceilings  and  panels.    A  discussion  of  each  follows. 

1.  Plaques.    Plaques  ^are  of  simple  design.    The  air  from^  the  supply  opening 
impinges  on  a  plate,  which  permits  the  ah*  to  be  deflected  horizontally  in  all  direc- 
tions.   Plaques,  although  inexpensive,  are  difficult  to  control  and  are  not  generally 
satisfactory.    In  certain  applications,  a  properly  designed  plaque  yields  satisfactory 
results. 

2.  Ceiling  Diffusers.  ^  Ceiling  diffusers  are  round  prjrectangular  outlets  installed 
on,  or  parallel  to,  the  ceiling,  and  discharge  supply  air  in  a  variety  of  directions  and 
planes.    Performance  of  the  different  designs  varies  according  to  principle  employed. 
Some  have  no  Internal  Induction,  but  hasten  external  induction  by;  supplying  air  in 
multiple  layers.    Others  have  internal  induction  and  distribute  air  over  an  entire 
half  sphere.    The  induction  effect  is  greatest  in  the  direction  of  the  axis  of  the  outlet, 
and  least  in  the  plane  perpendicular  to  the  axis  and  located  at  the  ceiling  level.    Thus 
the  induction  is  greatest  In  the  vertical  direction  where  the  least  throw  can  be  toler- 
ated, and  least  in  the  horizontal  plane  at  the  ceiling  where  the  greatest  blow  is  both 
desired  and  permissible. 

3.  Perforated  Ceilings  and  Perforated  Panels.    These  devices  obtain  air  diffusion 
by  discharging  air  through  perforations  in  the  ceiling,  or  part  of  the  ceiling  or  walls. 
Some  perforated  panels  feature  a  control  plate  frame  which  is  inserted  in  the  con- 
ventional celling  duct.    Supply  air  enters  the  plenum  above  the  distribution  plates 
through  an  adjustable  air  valve  which  can  be  set  for  varying  air  quantities  and 
velocities.    The  advantages  are  unobtrusive  appearance^and  the  ready  application  of 
sound  absorbing  material  to  the  design.    Also,  if  designed  properly,  this  system 
provides  a  low  rate  of  room  air  motion  and  consequently,  lends  itself  to  applications 
having  high  load  or  high  ventilating  requirements.    The  perforations  should  be  kept 
free  of  accumulations  of  dirt,  as  clogging  will  cause  uneven  distribution,  and  result 
in  smudging  of  the  celling.    Best  results  are  obtained  in  systems  having  efficient 
cleaning  devices. 

In  present  practice  relatively  low  velocities  are  used  because  the  perforated 
material  offers  only  small  resistance  to  the  air  flow.  Therefore,  great  care  must  be 
taken  to  distribute  the  primary  air  at  uniform  velocities  over  the  perforated  panels 
to  avoid  uneven  air  distribution  and  primary  air  streams  of  undesirable  velocities 
and  direction. 

OUTLET  LOCATION  AND  SELECTION 

In  selecting  the  location  of  outlets,  consideration  must  be  given  to  the 
factors  of  (1)  physical  construction,  (2)  physical  appearance,  (3)  location 
of  heating  or  cooling  loads,  and  (4)  outlet  performance. 

1.  The  physical  construction  of  a  building,  particularly  of  old  buildings,  immedi- 
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ately  places  limitations  on  the  type  of  distribution  system  which  can  be  employed. 
The  first  factor  in  the  selection  of  outlet  locations,  therefore,  is  a  consideration  of  the 
possible  location  of  the  supply  duct,  that  is,  whether  it  is  above  the  ceiling,  within  the 
walls,  through  furred  spaces  above  corridors,  or  in  the  conditioned  space,  etc.  A 
particular  method  of  distribution  may  be  highly  desirable,  but  its  execution,  due  to 
the  location  of  beams  and  masonry  walls,  may  be  impossible, 

2.  The  physical  appearance  of  the  outlets  should  conform  to  the  esthetic  appearance 
of  the  room.     In  factories,  warehouses,  etc.,  the  esthetic  demand  may  not  be  high; 
however,  in  department  stores,  clubs,  theaters,  etc.,  the  location  of  the  grilles  may  be 
dictated  largely  by  such  demands. 

3.  The  location  of  heating  or  cooling  loads  in  a  room  dictates  to  a  great  extent  the 
general  location  of  the  outlets.    The  outlets  should  be  located  to  neutralize  any 
undesirable  cold  drafts  or  radiation  effects  set  up  by  a  concentration  of  the  heating 
or  cooling  load.    The  problem  can  be  divided  into  natural  loads  due  to  outside  weather 
and  internal  heat  loads. 

In  winter  the  natural  or  primary  heating  load  is  caused  ^  by  exposed  walls, 
windows  and  skylights.  Heat  is  lost  primarily  through  convection  to  these  exposed 
surfaces.  The  convection  currents  or  cold  drafts  drop  down  the  exposed  surfaces 
and  seriously  impair  the  comfort  conditions  in  the  room,  particularly  at  the  floor 
level  near  the  exposed  surfaces.  The  outlets  should  be  located  to  counteract  these 
down  drafts.  Methods  which  may  be  employed  are; 

a.  Direct  counteraction  of  convection  currents  from  cold  surfaces  can  be  obtained 
by  locating  the  outlets  to  blow  upward  from  beneath  windows  or  exposed  wails, 
or  to  blow  across  the  exposed  wall.    This  method  is  desirable  in  small  offices 
or  bedrooms^  or  any  location  where  people  are  seated  or  working  near  exposed 
surfaces.    In  northern  climates,  where  the  outside  temperature  may  be  con- 
stantly below  40  F,  and  the  construction  consists  of  uninsulated  walls  and 
single  glass,  this  method  of  distribution  is  particularly  useful  for  the  main- 
tenance of  comfort  requirements. 

b.  High  induction  by  ceiling  or  wall  outlets  may  be  employed  to  nullify  the  con- 
vection currents  from  exposed  surfaces.    If  outside  temperatures  are  consist- 
ently below  40  F,  and  the  exposed  surfaces  are  not  well  insulated,  the  induction 
effort  required  for  neutralization  of  the  downdrafts  is  so  great  that  the  air 
motion  in  the  room  may  exceed  comfort  limits,  unless  care  is  taken  in  selection 
and  location  of  the  outlet.    Where  comfort  conditions  are  not  critical  as  in 
factories  for  heavy  manufacturing,  warehouses,  etc.,  satisfactory  results  can 
be  obtained  even  in  cold  climates.    For  uninsulated  walls  and  glass  areas  some 
supplementary  heating  is  often  valuable.    Wall  diffusers,  direct  radiation  or 
warm  panels  will  satisfy  these  requirements  for  supplementary  heating. 

c«  The  location  of  exhaust  or  recirculated  air  openings  at  the  base  of  large  areas  of 
glass  is  sometimes  effective  in  reducing  cold  downdraft  into  the  occupied  space. 

If  a  concentrated  source  of  heat  creating  an  internal  heat  load  is  located  at  the  oc- 
cupancy level  of  the  room,  the  heating  effect  may  be  counteracted  by  blowing  the 
supply  air  toward  the  heat  source,  or  by  locating  an  exhaust  or  return  grille  adjacent 
to  the  heat  source.  The  latter  method  will  prove  more  economical,  as  heat  will  be 
withdrawn  at  its  source  rather  than  be  dissipated  into  the  conditioned  space,  f  Where 
a  lighting  load  is  particularly  heavy  (five  watts  per  square  foot)  and  located  high  in  a 
conditioned  space,  it  may  be  economically  desirable  to  locate  the  outlets  below  the 
lighting  load.  Warm  air  from  the  lights  will  stratifv  near  the  ceiling  and  can  be 
removed  by  an  exhaust  or  return  fan,  the  former  being  advisable  if  the  wet-bulb 
temperature  of  the  air  is  above  the  outside  temperature,  and  the  latter  being  pref- 
erable if  the  wet-bulb  temperature  is  below  that  of  the  outside  air.  Either  method 
reduces  the  requirements  for  supply  air.  If  the  lamps  are  exposed,  less  saving  can 
be  realized  than  if  enclosed,  as  a  considerable  portion  of  the  total  energy  is  radiant. 

4.  Outlet  Performance.    The  laws  of  air  distribution,  previously  discussed,  will  be 
found  to  exercise  an  important  influence  upon  the  design  of  an  acceptable  distribution 
system.    This  applies  particularly  to  such  features  as  throw,  drop,  capacity  and  room 
air  motion. 

Procedure  for  Outlet  Location  and  Selection 

In  determining  outlet  location  and  selecting  the  type  of  outlets,  it  is  cus- 
tomary to  proceed  as  follows : 
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1.  Study  the  plan  of  the  building  and  note  the  amount  of  air  to  be  supplied  to  each 
enclosure. 

2.  Select  number  of  outlets  for  each  enclosure*  considering  air  quantity  required 
and  distance  available  for  throw  or  as  radius  of  diffusion.    The  same  factors,  as  well 
as  distance  from  floor  level  available  as  mounting  height,  structural  characteristics 
of  the  space  and  consideration  of  appearance,  will  determine  the  type  of  outlet  used. 

3.  Arrange  location  of  outlets  in  space.    Usually  the  outlets  will  be  evenly  spaced 
to  distribute  air  uniformly  throughout  the  enclosure.    Sometimes^  however,  more 
air  should  be  supplied  and  directed  towards  zones  having  exceptional  heating  or 
cooling  loads.    An  important  point  to  consider  is  the  combination  of  proper  outlet 
location  and  efficient  duct  design  (see  Chapter  31).    Consult  manufacturers'  tables 
for  recommended  location  and  spacing  of  outlets. 

4.  Select  sue  of  outlets  according  to  air  quantity  handled^  permissible  throat  or 
discharge  velocities  or  effective  throw,  taking  into  consideration  other  factors  such 
as  noise  level,  static  pressure  resistance,  etc.    It  will  generally  be  found  that  most 
selection  tables  for  grille  type  outlets  are  based  on  capacity  and  throw,  whereas  data 
for  ceiling  or  wall  diffusers  are  usually  based  upon  capacity  and  permissible  outlet 
velocity.    Choice  and  arrangement  of  either  type  of  outlet  should,  however,  satisfy 
the  requirements  of  all  aspects  of  air  distribution.    Therefore,  type,  location  and 
size  of  any  outlet  should  be  checked  against  manufacturers'  ratings  to  determine 
whether  the  selection  made  would  satisfy  the  requirements  of  the  job.    The  most 
important  questions  to  be  considered  are : 

a.  Can  drafts  occur  because  of  divergence  between  rated  throw  (radius  of  diffu- 
sion) and  distance  between  outlet  and  nearest  obstacle  of  air  stream  (wall, 
beam,  pillar,  ledge,  etc.)  ? 

b.  Can  drafts  occur  because  of  excessive  cooling  temperature  differential  and  too 
low  mounting  height  of  the  outlet? 

c.  Can  drafts  occur  because  of  too  low  velocity  causing  a  drop  in  cooling  installa- 
tions? 

d.  Will  the  outlet  operate  at  too  high  a  velocity  and  thereby  cause  an  excessive 
increase  in  noise  level? 

e.  Will  the  outlet  operate  against  an  excessive  static  pressure  resistance? 

Balancing  the  System 

In  designing  an  air  conditioning  system  it  should  be  the  aim  of  the  en- 
gineer to  size  ducts  and  outlets  in  such  a  manner  that  proper  distribution  of 
supply  air  takes  place.  In  practice,  however,  this  is  almost  impossible  and 
therefore  additional  means  for  regulating  air  distribution  are  required  to 
balance  the  isystem.  Some  of  these  means  are : 

1.  Reducing  the  effective  area  of  some  supply  openings  by  blank-offs. 

2.  Placing  dampers  in  the  supply  and  return  (exhaust)  openings. 

3.  Placing  dampers  in  the  supply  and  return  (exhaust)  duets. 

4.  Using  combinations  of  dampers  in  both  supply  and  return  (exhaust)  ducts. 

In  selecting  the  desired  type  of  damper  or  balancing  method,  the  follow- 
ing points  should  be  kept  in  mind : 

L  Unfavorable  effect  on  air  stream  and  noise  level  should  be  avoided.  This  will 
often  eliminate  blank-offs  and  dampers  installed  in  the  supply  and  return  (exhaust) 
openings,  unless  such  dampers  are  of  special  design. 

2.  It  should  be  possible  to  alter  the  volume  control  setting  and  measure  the  amount 
of  air  handled  without  difficulty.  This  will  be  particularly  difficult  to  achieve  in 
the  case  of  blank-offo. 

Generally  speaking,  it  is  most  satisfactory  to  install  dampers  in  the  supply 
duct  at  some  distance  back  of  the  outlets,  so  as  to  avoid  disturbing  the  air 
flow.  Dampers  in  both  supply  and  return  air  ducts,  form  the  most  flexible 
means  of  controlling  supply  of  air  to  the  room  and  static  pressure  within  the 
room.  Means  of  volume  and  directional  control  are  discussed  in  detail  in  a 
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following  eection  of  this  chapter.    Many  types  of  air  distribution  control 
devices  are  now  commercially  available. 

AND  VOLUME  CONTROL 

Duct  Approaches  to  Outlets 

In  order  to  obtain  proper  direction  of  flow  and  distribution  of  air  from 
outlets,  it  is  necessary  that  the  air  stream  approaching  the  outlet  be  of  uni- 
form velocity  over  the  entire  connection  to  duct,  and  perpendicular  to  the 
face. 

Grilles  and  directional  outlets  cannot  compensate  for  improper  approach, 
Any  attempt  to  secure  a  low  face  velocity  and  a  high  duct  velocity  by  con- 
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FIG.  6.  OTTTLET  VELOCITY  AND  Am  DIRECTION  DIAGKAMS  FOE  STACK  HEADS 
WITH  EXPANDING  OUTLETS 

Stack  14  in.  x  6  in.       Outlets  14  in.  x  9  in.       Stack  Velocity  500  fpm 

A.  Rounded  Throat  and  Rounded  Back.        D.  Square  Throat  and  Cushion  Chamber. 

B.  Square  Throat  and  Round  Back.  E.  Rounded  Throat  and  Back  and  2  Splitters. 

C.  Square  Throat  and  Back.  F.  Square  Throat  and  Back  and  6  Guide  Vanes. 


structing  an  expanding  chamber  directly  behind  the  grille,  is  likely  to  be  -un- 
successful because  the  enlargement  angle,  even  in  a  straight  duct,  cannot  be 
greater  than  7  deg  at  each  side  if  the  stream  is  to  fill  the  outlet  without 
turbulence. 

In  elbow  outlets  or  stack  heads  at  the  top  of  vertical  stacks,  it  is  necessary 
to  provide  splitters  or  guide  vanes  in  the  elbows  regardless  of  the  shape  of 
the  elbows,  whether  of  rounded,  square  or  expanding  types.  Cushion 
chambers  at  the  top  of  the  stack  heads  have  no  beneficial  effect.  The  direc- 
tion of  flow,  distribution  and  velocity  (measured  12  in.  from  outlet)  of  the 
air,  based  on  tests,5  are  shown  in  Fig.  6  for  various  types  of  stack  heads  ex- 
panding from  a  14  in.  x  6  in.  stack  to  14  in.  x  9  in.  outlets,  without  grilles. 
The  air  velocity  for  each  was  500  fpm  in  the  stack  below  the  elbow,  but  the 
direction  of  flow  and  the  distribution  patterns  are  generally  indicative  of 
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performance  obtainable  with  non-expanding  elbows  of  similar  shapes  for  a 
range  of  velocities  200  to  1400  fpm.  Some  of  the  conclusions  drawn  from 
the  tests  were : 

1.  Experiments  with  various  elbow  outlets  OB  the  14  in.  x  6  in.  vertical  stack8  with 
stack  air  velocities  of  200  to  1400  fpm,  indicated  that  enlargement  of  the  outlet  area, 
whether  used  in  connection  with  square  or  rounded  elbows,  would  not  reduce  either 
the  angle  of  discharge  (which  was  20  to  30  deg  above  the  horizontal)  or  the  outlet 
velocity.    The  effect  of  the  enlargement  of  the  outlet  was  mainly  to  increase  the 
reverse  flow  area  in  the  lower  part  of  the  outlet,  but  in  each  case  enlargement  of  the 
outlet  reduced  the  static  pressure  in  the  duct  below  the  elbow. 

2.  Splitters  in  the  elbows  had  the  effect  of  dividing  the  air  stream  into  a  number  of 
streams  Sowing  through  rounded  elbows,  and  therefore  lowered  the  angle  of  discharge, 
reduced  or  eliminated  the  reverse  flow  area,  and  made  the  outlet  velocity  quite 
uniform. 

3.  Turning  vanes  having  2  in.  inner  and  1  in.  outer  radii  located  in  the  center  of 
the  elbow  were  found  most  effective  in  improving  performance  in  regard  to  angle  of 
discharge,  outlet  velocity,  and  elimination  of  reverse  flow  area. 
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FIG.  7.  EFFECT  OF  VABIQTTS  DAMPBB  ABRANGBMENTS  DESIGNED  FOE  STRAIGHT  BLOW 


4.  Pressure  loss  through  stack  heads  may  be  reduced  by  use  of  splitters  or  turning 
vanes,  or  by  increasing  the  inner  radius  of  an  elbow.  Considering  the  sum  of  the 
velocity  and  static  pressure  as  a  measure  of  the  energy  required  to  change  the  direc- 
tion of  the  air  stream  and  to  deliver  the  air  into  the  atmosphere,  and  considering  the 
energy  required  for  a  plain  fitting  as  100  per  cent,  it  was  found  that  turning  vanes 
dropped  the  energy  requirement  of  square  type  stack  heads  to  45  per  cent.  Splitters 
reduced  the  energy  requirement  to  90  per  cent  in  long  radius  elbows,  and  to  74  per 
cent  in  short  radius  turns.  In  expanding  heads,  splitters  reduced  the  energy  require- 
ment to  5S  per  cent. 

Side  Outlets  in  Horizontal  Air  Ducts 

When  air  is  supplied  to  a  room  from  side  outlets  in  horizontal  ducts,  it  is 
necessary  to  use  directive  devices  within  the  duct  at  each  outlet  in  order  to 
obtain  a  uniform  velocity  of  delivered  air,  and  to  obtain  a  direction  of  flow 
perpendicular  to  the  face  of  the  outlet.  In  tests8  conducted  with  3  in.  x  10 
in.,  4  In.  x  9  in.,  and  6  in.  x  6  in.  outlets  in  a  6  in.  x  20  in.  horizontal  duct  at 
duct  velocities  of  200  to  1400  fpm  (in  the  6  in.  x  20  in.  section)  it  was  found 
that  multiple  curved  deflectors  produced  the  best  flow  characteristics. 
Vertical  guide  strips  in  the  outlet  were  not  so  effective  as  curved  deflectors. 
A  single  scoop  type  deflector  at  the  outlet  did  not  improve  the  flow  pattern 
obtained  from  a  plain  outlet,  and  was  therefore  not  found  to  be  desirable. 

Ceiling  Outlets  on  Horizontal  Ducts 

Ceiling  outlets  are  usually  installed  below  horizontal  supply  ducts  so 
that  the  supply  air  has  to  make  a  90  deg  turn  before  entering  the  outlet  it- 
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self.  The  shorter  the  connection  between  bottom  of  duct  and  outlet,  the 
greater  is  the  need  for  directive  devices  to  obtain  uniformity  of  flow.  Gen- 
erally speaking^  conditions  and  remedy  in  such  cases  strongly  resemble  those 
for  side  outlets  in  horizontal  air  ducts.  Ceiling  ducts  often  have  a  rectangu- 
lar cross  section,  while  the  connections  to  the  ceiling  outlets  are  circular, 
It  will  then  be  quite  difficult  to  install  turning  vanes  successfully,  particu- 
larly if  the  ducts  are  shallow  and  the  connection,  areas  are  comparatively 
large.  This  will  be  the  case  when  more  than  one  outlet  is  installed  on  one 
duct  ran,  and  restrictions  of  duct  area  must  be  avoided.  In  such  cases  good 
results  have  been  obtained  by  using  a  series  of  vertical  guide  strips,  in- 
stalled at  right  angles  to  the  direction  of  air  approach  in  the  outlet  connec- 
tion where  it  leaves  the  horizontal  air  duct. 

Volume  Control 

Various  methods  are  used  to  regulate  volume  of  supply  and  return  (ex- 
haust) air.    Some  of  these  accomplish  only  minor  changes  in  volume ;  most 

TABLE  L    RECOMMEND SD  RETUEN  INTAKE  FACB  VELOCITIES 


INTAKE  LOCATION 

VELOCITY 
OVER  GROSS  AREA 
FPM 

Above  occupied  zone 

800  up 

Within  occupied  zone,  not  near  seats  

600-800 

Within  occupied  zone,  near  seats  

400-600 

Door  or  wall  louvers...  ,.  

500-700 

Undercutting  of  doors  (through  undercut  area)  

600 

of  them  however  permit  a  range  of  adjustment  from  maximum  air  supply  to 
complete  shut-off. 

When  selecting  type  and  location  of  such  dampers;  the  following  points 
must  be  considered,  especially  when  the  volume  control  feature  is  to  be 
located  near  the  air  outlet  itself :  (1 )  deflection  of  air  stream  by  the  damper; 
(2)  need  and  feasibility  of  directional  control ;  (3)  increase  of  noise  level  due 
to  irregular  and  localized  high  air  velocities  caused  by  damper  operation. 

The  following  types  of  volume  control  are  most  frequently  encountered : 

1.  Slide  Damper.    A  single  plate>  which  can  be  pushed  across  the  duct*    Since  its 
operation  changes  the  free  area  of  air  passage  in  a  one-sided  manner,  it  should  not  be 
located  near  any  air  outlet,  and  its  use  is  practicable  only  where  no  intermediate 
setting  between  full  open  and  closed  is  required. 

2.  Hit-and-Miss  Damper.    Two  slotted  plates  or  discs,  closely  adjacent ;  by  moving 
one  of  the  two  plates  the  respective  slots  may  be  opened  or  closed.    This  type  of 
volume  control  may  be  installed  close  to  an  air  outlet  and  it  is  easy  to  operate,  but 
its  main  disadvantage  is  that  even  in  the  open  position  the  air  passage  area  is  blocked 
by  at  least  50  per  cent.    This  requires  oversizing  of  the  air  outlet  in  order  to  avoid 
excessive  increase  of  noise  level. 

3.  Splitter  Damper.    A  single  blade  sheet  metal  plate  hinged  at  one  edge,  usually 
located  at  the  branch  connection  of  a  duct  or  outlet.    It  is  easy  to  operate,  but  often 
causes  irregular  air  flow  in  the  duct.    When  used  in  connection  with,  and  near  an 
outlet,  additional  directional  control  is  required. 

4.  Butterfly  Damper.  ^  A  single  blade  sheet  metal  plate  hinged  in  the  middle, 
usually  located  in  a  straight  duct  run.    It  is  easier  to  handle  than  a  splitter  damper, 
since  only  half  the  motion  is  necessary  to  change  its  setting.    However,  if  located  too 
close  to  an  air  outlet,  it  is  objectionable  because  its  operation  frequently  results  in  a 
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condition  whereby  two  high  velocity  jets  are  created  along  the  sides  of  the  duct,  or 
the  air  spills  immediately  downward  into  the  occupied  zone  (see  C  Fig.  7). 

5.  Louv$r  Dampers.    Numerous  designs  have  been  developed  incorporating  a 

series  of  splitter  or  butterfly  dampers  across  the  duct  or  air  outlet.  Their  main 
advantage  consists  in  retaining  greater  uniformity  of  air  flow,  and  in  requiring  less 
depth  for  installation.  Some  designs  provide  for  louver  blades  moving  in  opposite 
directions,  and  while  decreasing  free  air  passage  area,  retain  a  constant  air  flow 
direction  along  the  axis  of  the  duct  air  outlet  connection  (see  A  and  B  in  Fig,  7). 

RETURN  AND  EXHAUST  INTAKES 

The  selection  of  return  and  exhamt  intakes  depends  on:  (1)  velocity  in 
occupied  zone  near  intake,  (2)  permissible  pressure  drop  through  Intake, 
and  (3)  noise. 

L  Velocity.  The  effect  of  air  flow  through  return  intakes  upon  air  movement  in 
the  room  is  slight.  Air  handled  by  the  intake  is  drawn  from  all  directions, 
the  velocity  dropping  off  rapidly  as  distance  from  intake  increases.  The  only  locality 
where  drafts  may  prove  objectionable  is  adjacent  to  the  intake.  To  prevent  ex- 
cessive air  motion  in  this  area  due  to  the  return  intake,  it  is  advisable  to  compute  the 
total  air  motion  toward  the  exhaust  opening  as  outlined  in  Equation  14  where  A  is 

TABLE  2.   AFPEOXIMATB  PBESSURB  DBOPS  FOR  LATTICE  RBTUHN  INTAKES 
Inches  Water  Gage—Standard  Air 


FACE  VELOCITY,  FPM 

PER  CENT 

FREE  AREA 

400 

500 

600 

700 

800 

900 

1000 

50 

0.06 

0.09 

0.13 

0,17 

0.22 

0.28 

0.35 

60 

0.04 

0.06 

0,09 

0.12 

0.16 

0.20 

0.24 

70 

0.03 

0.05 

0.07 

0.09 

0.12 

0.15 

0.18 

80 

0.02 

0.03 

0.05 

0.07 

0.09 

0.11 

0.14 

the  exhaust  wall  area  in  square  feet.    Recommended  return  intake  face  velocities 
are  given  in  Table  1  . 

2.  Permissible  Pressure  Drop.    The  permissible  pressure  drop  will  depend  on  the 
choice  of  the  designer.    Table  2  gives  pressure  drop  through  plain  lattice  intakes 
as  a  function  of  free  area  and  face  velocity, 

Proper  pressure  drop  allowance  should  be  made  for  control  or  directive  devices, 

3.  Noise.    The  problem  of  noise  generated  by  return  intakes  is  the  same  as  that 
for  supply  outlets.    In  computing  resultant  room  noise  levels  from  the  operation  of 
an  air  conditioning  system,  the  return  intake  must  be  included  as  a  part  of  the  total 
grille  area.    The  major  difference  between  the  supply  outlets  and  return  intakes  is 
the  frequent  installation  of  the  latter  at  ear  level.    When  so  located,  it  is  recom- 
mendecUhat  the  return  intake  velocity  be  not  in  excess  of  75  per  cent  of  the  maximum 
permissible  outlet  velocity. 

Outlet  Location 


^  control  of  the  room  air  motion  for  the  maintenance  of  comfort  con- 
ditions depends  on  the  proper  selection  of  the  supply  outlets.  The  loca- 
tion of  the  return  or  exhaust  intakes  does  not  critically  affect  air  motion,  unless 
rooxa  air  velocities  in  the  occupied  zone  adjacent  to  the  intake  exceed  com- 
fort limits,  The  locations  of  return  or  exhaust  intakes  are,  however,  impor- 
tant for  obtaining  the  desired  room  temperature  equalization. 

Ceiling  kcations  for  exhaust  outlets  are  recommended  for  bars,  kitchens, 
lavatories,  dining  rooms,  club  rooms,  etc.,  where  warm  air  will  rise  to  the 
ceiling  level  In  heating  installations,  location  of  the  return  grilles  in  the 
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celling  or  high  on  the  wall  will  result  in  stratification  of  the  conditioned  air? 
and  a  high  percentage  of  the  heated  air  will  be  drawn  into  the  return  duct 
before  it  has  served  its  purpose,  (Refer  also  to  considerations  outlined 
previously  in  section  Outlet  Location  and  Selection  in  this  chapter.) 

Some  circular  ceiling  outlets  combine  the  supply  and  return  openings  in  a 
single  unit.  The  return  duct  is  in  the  center  with  the  supply  pattern  on  the 
outside.  This  method  gives  best  results  for  cooling  applications.  The 
application  for  heating  is  more  critical  and  requires  consideration  of  ceiling 
height,  amount  of  outside  wall  area,  and  number  of  air  changes  required. 
In  some  cases,  stratification  of  warm  air  may  cause  short  circuiting.  Where 
the  wall  losses  are  a  small  part  of  the  total,  little  difficulty  is  encountered 
with  stratification. 

Floor  locations  of  returns  are  used  in  heating  installations  for  ceiling  or 
side  wall  supply.  When  located  so  that  air  is  drawn  across  exposed  walls, 
the  performance  of  the  system  may  be  somewhat  improved.  In  general, 
floor  locations  tend  to  collect  dirt  and  refuse. 

Wall  and  door  locations  of  exhaust  outlets  depending  on  their  elevation, 
have  the  characteristics  of  either  floor  or  ceiling  returns.  In  large  buildings 
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with  many  small  rooms,  the  return  air  may  be  brought  through  door  grilles 
or  door  undercuts  into  the  corridors,  and  then  to  a  common  return  or  ex- 
haust. The  pressure  drop  through  door  returns  should  not  be  excessive; 
otherwise  the  air  distribution  to  the  room  may  be  seriously  unbalanced 
with  the  opening  or  closing  of  the  doors.  Outward  leakage  through  doors 
or  windows  cannot  be  counted  upon  for  dependable  results, 

SPECIFIC  APPLICATIONS 

For  theaters  and  auditoriums  the  air  distribution  methods  used  are  the 
downward  distribution  system  with  ceiling  diffusers,  and  the  horizontal 
distribution  system  with  ej ector  nozzles  or  wall  diffusers.  Fig.  8  shows  both 
methods.  Ceiling  distribution  is  accomplished  by  ceiling  outlets  under 
main  ceiling  and  balcony.  It  is  indicated  when  main  ceiling  or  balcony 
is  cut  up  by  architectural  treatment  or  beams.  The  only  critical  points 
are  under  the  balcony,  and  (occasionally)  above  the^very  rear  of  the  bal- 
cony, where  ceiling  heights  are  low  and  where  direct  impingement  of  air  is 
sometimes  a  hazard. 

Wall  or  ejector  distribution  is  particularly  applicable  for,  relatively  long 
and  narrow  theaters.  It  is  essential  with  this  type  of  distribution  that  there 
be  no  interference  with  the  movement  of  air  throughout  its  entire  path  from 
the  high  velocity  nozzles  to  the  front  of  the  theater.  The  ceiling  should  be 
smooth,  without  projecting  beams  or  obstructing  ornamentation.  For  large 
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FIG.  9.    DISTRIBUTION  METHODS  FOB  SMALL  ROOMS 

A.  Satisfactory  for  cooling.    Unsatisfactory  for  heating  in  severe  climates  where  the  outside  temperature 
is  consistently  below  40  F,  and  single  glass  and  uninsulated  walls  are  prevalent. 

B.  Performance  approximately  that  of  A  when  small  diffusers  are  used  in  bottom  of  the  duct. 
G.  Satisfactory  for  cooling.    Satisfactory  for  heating  if  direct  radiation  is  properly  controlled. 

D.  Satisfactory  for  both  cooling  and  heating.    The  air  should  be  discharged  slightly  away  from  the  wall, 
and  for  low  velocities,  should  be  fanned  out  parallel  to  the  wall. 


theaters,  relatively  high  velocities  can  be  used.  These  will  work  satisfac- 
torily if  adjustable  outlets  are  used  to  avoid  areas  of  local  turbulence. 

In  small  or  medium  size  theaters,  it  is  sometimes  practicable  to  use  side 
wall  or  front  wall  distribution.  For  the  satisfactory  operation  of  such  a 
system  during  the  winter  heating  period,  the  returns  should  preferably  be 
located  at  the  floor  level  and  near  the  front  of  the  theater  to  prevent  cold 
spots  which  may  result  from  exposed  wall  convection  or  infiltration  from, 
exits. 

For  multi-room  buildings  diagrams  shown  in  Fig.  9  illustrate  distribution 
methods  for  small  rooms  with  exposed  wall,  such  as  offices,  hotel  (guest) 
rooms,  hospital  (patients)  rooms,  apartments,  etc. 

For  a  small  store  the  cooling  performance  of  various  distribution  methods 
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FIG.  10.  SMALL  STORE  COOLING  DISTRIBUTION 

A.  JR«ar  Watt.    High  outlet  velocity,  satisfactory  if  properly  designed;  possibility  of  excessive  air  motion 
and  drafts  if  used  for  wrong  application. 

B.  Front  Wall.    High  outlet  velocity,  results  same  as  A. 

C.  Front  and  Rear  Walls.    Moderate  room  air  motion,  outlet  blows  should  not  impinge  giving  rise  to  down 
drafts  in  center. 

D.  Center.    Moderate  ah*  motion,  no  impingement  of  air  streams.    Good  results, 

E.  One  Side.    Moderate  room  air  motion;  should  blow  toward  exposed  wall.    Good  results. 

F.  CeUinff.    Low  room  air  motion.    Good  results.    Outlets  should  be  selected  of  sufficient  size  to  allow 
or  blocking  when  not  located  in  perfect  squares. 
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is  illustrated  in  Fig.  10.    Marine  applications  of  air  distribution  systems  are 
given  In  Chapter  47. 
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CHAPTER  31 

AIR  DUCT  DESIGN 

Pressure  Losses,  Friction  Losses,  Circular  Equivalents  of  Rectangular  Ducts, 

Dynamic  or  Shock  Losses,  Pressure  Loss  in  Elbows,  Losses  Due  to  Area 

Changes,  Pressure  Changes,  Duct  Design*  Methods  and  Examples,  Duct 

Construction  Details,  Heat  Losses  from  Ducts,  Maintenance 

AIR  ducts  for  the  transmission  of  the  air  in  forced  air  heating;  ventilat- 
ing, cooling  or  air  conditioning  systems  must  be  carefully  designed  for 
functional  as  well  as  economical  reasons.  The  design  should  be  based 
upon  the  fundamental  laws  of  fluid  flow  in  pipes,  and  should  take  into  ac- 
count recent  analytical  and  experimental  studies  which  complement  and 
substantiate  the  fundamental  laws.  The  basic  equations  of  the  flow  of 
fluids  will  be  found  in  Chapter  4,  Fluid  Flow, 

PRESSURE  LOSSES 

Air  ducts  impose  resistances  to  air  flow  which  must  be  overcome  by 
pressure  differences  resulting  from  the  expenditure  of  energy  in  maintaining 
the  flow.  In  ventilating  and  air  conditioning  work  the  flow  of  air  takes 
place  under  very  small  pressure  differences,  and  the  assumption  that  the 
gas  density  remains  constant  throughout  the  flow  will  cause  only  a  negligible 
error.  It  is  therefore  possible  to  use  the  equation  for  incompressible  fluids 
(liquids)  for  the  flow  of  air  in  a  duct,  instead  of  the  complicated  thermo- 
dynamic  formulas  for  air  discharge  under  conditions  of  adiabatic  flow  which 
would  be  necessary  for  large  pressure  differences. 

A  reasonably  accurate  estimate  of  the  flow  resistances  offered  by  the 
system  is  essential  for  satisfactory  duct  design.  The  theoretical  resistance 
of  an  air  handling  system  can  be  computed  from  the  methods  and  data 
given  in  this  chapter,  The  actual  resistance  for  any  given  installation, 
however,  may  vary  considerably  from  the  calculated  resistance  because  of 
variation  in  the  smoothness  of  materials,  the  type  of  joints  used  and  the 
ability  of  the  workmen  to  manufacture  the  system  in  accordance  with  the 
design.  It  is  best  to  select  fans  and  motors  of  sufficient  size  to  allow  a 
factor  of  safety.  Dampers  should  be  installed  in  each  branch  outlet  to 
balance  the  system. 

The  drop  in  pressure  in  air  transmission  systems  is  due  to  friction  losses 
and  dynamic  (shock)  losses.  Pressure  increases  and  decreases  may  also 
be  effected  by  changes  in  duct  areas  with  resulting  conversion  of  velocity 
pressure  to  static  pressure,  and  vice  versa.  The  friction  losses  for  turbulent 
flow  (which  occur  in  all  practical  air  flow  problems)  are  due  to  the  friction 
of  air  against  the  sides  of  the  duct,  and  to  internal  friction  between  the 
molecules.  The  dynamic  losses  are  caused  by  changes  in  the  direction  or 
in  the  velocity  of  air  flow,  such  as  caused  by  changes  in  size  and  shape  of 
the  cross-section  of  the  duct,  bends  (elbows),  and  to  obstructions  to  flow 
offered  by  dampers. 

FRICTION  LOSSES 

Pressure  drop  in  a  straight  duct  is  caused  by  surface  friction,  and  this 
friction  loss  is  most  readily  calculated  by  means  of  the  Air  Friction  Charts, 
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FIG.  1.  FRICTION  OF  AIR  IN  STKAIGHT  DUCTS 
For  Volumes  of  10  to  2000  cfm 

(Based  on  Standard  Airof  0.075  Ib  per  cu  ft  density  flowing  through  average,  clean,  round,  galvanized  metal 
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FRICTION    LOSS  IN   INCHES  OF  WATER   PER   100  FT 
FIG.  2.  FRICTION  OF  AIR  IN  STBAIGHT  DUCTS 
For  Volumes  of  1000  to  100,000  cfm 

(Based  on  Standard  Air  of  0.075  Ib  per  cu  ft  density  flowing  through  average,  clean,  round^  galvanised 
metal  ducts  having  approximately  40  joints  per  100  ft.)  No  safety  factor  included.  Caution:  Do  not 
extrapolate  below  chart. 

Figs.  1  and  2,  covering  volume  ranges  of  10  to  2000  cfm,  and  1000  to  100,000 
cfm,  respectively.  These  charts  were  developed  by  the  A.S.ELV.E.  Re- 
search Laboratory.1  They  do  not  include  any  safety  factor. 

The  charts,  Figs.  1  and  2,  were  constructed  from  the  basic  flow  equation 
for  the  pressure  loss  in  circular  ducts  (see  Chapter  4) : 
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where 


hi  =*  head  loss  due  to  friction,  In  feet  of  fluid  flowing. 

L  »  length  of  conduit,  feet. 

D  =  Inside  diameter  of  conduit,  feet. 

v  «  fluid  velocity,  feet  per  second. 

g  »  acceleration  due  to  gravity,  82.17  fps  per  second. 

f  «  a  non-dimensional  friction  coefficient,  which  for  ventilation  work  depends 
upon  Reynolds  Number  and  the  relative  roughness  of  the  conduit.  Appro- 
priate values  of  /  were  taken  from  the  work  of  Moody.2  See  Chapter  4,  Fig. 
4,  Relation  Between  Friction  Factor  and  Reynolds  Number. 

The  air  friction  chart  is  based  on  standard  airs  with  a  density  of  0.075 
Ib  per  cu  ft,  flowing  through  average,  clean,  round,  galvanized  metal  ducts 
having  approximately  40  joints  per  100  ft.  Figs,  1  and  2  should  not  be 
used  to  obtain  values  below  the  charts  by  extrapolation,  because  critical 
flow  would  occur  in  this  region  and  values  so  obtained  would  be  unreliable. 
For  the  average  application,  values  from  the  charts  should  prove  suffi- 
ciently accurate,  without  corrections,  for  any  air  temperature  from  50  F 
to  90  F,  for  any  relative  humidity,  and  for  any  normal  variation  in  baro- 
metric pressure.  For  widely  varying  air  pressures  or  temperatures,  or  for 
unusual  duct  conditions,  the  friction  values  obtained  from  the  chart 
should  be  corrected.4 

For  ordinary  ventilating  work,  friction  may  be  assumed  to  vary  directly 
as  the  density  without  serious  error,  and  therefore 


(2) 

\ras 

where 

h0  «=  friction  loss  under  actual  operating  conditions,  any  consistent  units. 
AB  «=  friction  loss  under  standard  conditions,  any  consistent  units. 
Po  =*  density  of  air  under  actual  operating  conditions,  any  consistent  units. 
p»  «•  density  of  air  under  standard  conditions,  any  consistent  units. 

For  ducts  of  other  than  standard  sheet  metal  construction,  correction 
factors  may  be  obtained  from  Fig.  3.4  The  correction  factors  shown  in 
Fig.  3  were  computed  for  the  values  of  *,  the  roughness  in  feet,  shown  in 
Table  I.4  The  correct  friction  loss  for  such  ducts  may  then  be  determined 
by  multiplying  the  losses  obtained  from  Figs.  1  and  2  by  these  factors. 

Examples  1  and  2  illustrate  the  use  of  Fig.  2  to  determine  friction  loss, 
and  the  use  of  Fig.  3  to  apply  a  correction  for  roughness. 

Example  1 .  Determine  the  friction  loss  when  circulating  10,000  cfm  of  air  through 
75  ft  of  24  in.  diameter  galvanized  duct. 

Solution,  Find  10,000  cfm  on  the  left  scale  of  Fig.  2  and  move  horizontally  right 
to  the  diagonal  line  marked  24  in.  The  other  intersecting  diagonal  shows  that  the 
velocity  in  the  pipe  is  3200  fpm.  Directly  below  the  intersection  it  is  found  that 
the  friction  per  100  ft  is  0.50  in. ;  then  for  75  ft  the  friction  will  be  0.75  X  0.50  -  0.38 
in.  In  a  like  manner  any  two  variables  may  be  determined  by  the  intersection  of 
the  lines  representing  the  other  two  variables. 
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FIG.  3.  COKBECTION  FACTOES  FOB  PIPE  ROUGHNESS 

To  correct  for  pipe  roughness  multiply  friction  loss  obtained  from  Figs.  1  and  2  by  correction  factor  obtained 
from  Fig.  3, 

Example  2.  If  the  duct  in  Example  1  is  very  rough.,  instead  of  galvanized,  with  40 
joints  per  100  ft,  find  the  total  friction , 

Solution.  On  Fig.  3  find  (by  interpolation  between  12  in.  and  40  in.  pipe)  the 
intersection  of  the  24  in.  very  rough  pipe  line  and  the  3200  fpm  velocity  ordinate, 
and  at  the  left  margin  read  a  correction  factor  of  2.  The  friction  loss  in  the  rough 
duct  is  therefore  2  X  0.38  =  0.76  in. 

CIRCULAR  EQUIVALENTS  OF  RECTANGULAR  DUCTS 

An  air  handling  system  is  usually  sized  first  for  round  ducts  and,  if 
rectangular  ducts  are  desired,  their  sizes  are  selected  to  provide  air  carry- 
ing capacities  equivalent  to  those  of  the  round  ducts  originally  selected. 

A  recent  comprehensive  study  at  the  A.S.H.V.E.  Research  Laboratory 
proved  that  for  most  practical  purposes  rectangular  ducts  of  aspect  ratios 
not  exceeding  8: 1  will  have  the  same  static  friction  pressure  loss  for  equal 

TABLB  1.    VALUES  or  ROUGHNESS  «  FOB  DIITEBENT  PIPES* 


PIPS 

DEGREE 

OF 

ROUGHKESS 

e 

ROUGHNESS 
mFfiar 

Drawn  Tubing..  .  

New  Steel  or  Wrought-Iron  Pipe_..  . 
Galvanized  Iron  -  —  „ 

,      Very  smooth 
Medium  smooth 
Average 
Medium  rough 
Very  rough 

0.0000015 
0.00015 
0.0005 

o.ooa 

0.01 

Average  Concrete.           .         ~-         

Average  Riveted  Steel  -,  .„  

8  Used  in  computing  values  for  Fig.  3. 
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lengths  and  mean  velocities  of  flow  as  a  circular  duct  of  the  same  hydraulic 
diameter.  When  duct  sizes  are  expressed  in  terms  of  hydraulic  diameter, 
and  when  equations  for  friction  loss  in  round  and  rectangular  ducts  are 
equated  for  equal  capacity  and  equal  length,  an  equation  giving  the  circu- 
lar equivalent  of  a  rectangular  duct  is  obtained5  (Equation  3). 


de  -  1.30  - 


**  1.30 


(a  +  6)2 


(3) 


where 

a  «= 
6  * 


length  of  one  side  of  rectangular  duct,  inches.  (Other  side  is  6.) 
length  of  one  side  of  rectangular  duet,  inches.  (Other  side  is  a.) 
circular  equivalent  of  a  rectangular  duct  for  equal  friction  and  capacity, 

inches. 


Table  2  gives  the  circular  equivalents  of  rectangular  ducts  for  equal 
friction  and  capacity  for  aspect  ratios  not  greater  than  11.7:1  based  on 
Equation  3.* 

Multiplying  or  dividing  the  length  of  each  side  of  a  duct  by  a  constant 
is  the  same  as  multiplying  or  dividing  the  equivalent  round  size  by  the 
same  constant.  Thus,  if  the  circular  equivalent  of  an  80  x  24  in.  duct  is 
required,  it  will  be  twice  that  of  40  x  12  in.  duct,  or  2  x  23.0  =  46.0  in. 

DYNAMIC  (SHOCK)  LOSSES 

Any  sudden  change  in  the  direction  or  magnitude  of  the  velocity  of  the 
air  flow  causes  a  greater  loss  in  pressure  than  would  occur  in  steady  flow 
through  a  straight  duct  of  uniform  cross-section  and  the  same  length. 
Although  all  shock  losses  may  be  considered  as  caused  by  changes  in  the 
area  actually  occupied  by  the  air  flow,  for  convenience  they  are  divided 
into  two  general  classes:  those  caused  by  changes  in  direction  of  the  duct, 
and  those  caused  by  changes  in  cross-sectional  area  of  the  duct.  Conduit 

TABLB  2.    CIRCULAK  EQUIVALENTS  OF  RECTANGTJLAB  DUCTS  FOB  EQUAL  FKICTION 

AND  CAPACITY 
Dimensions  in  Inches 


BIDS 

BSCTAW- 
OTTLAB  DUCT 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

73 

S.O 

8.5 

9.0 

9.5 

10.0 

3.0 
3.5 
4.0 
4.5 
5,0 
5.5 

3.8 
4.1 
4.4 
4.6 
4.9 
5.1 

4.0 
4.3 
4.6 
4.9 
5.2 
5.4 

4.2 

4.6 
4.9 
5.2 
5.5 
5.7 

4.4 
4.8 
5.1 
5.4 

5.7 
6.0 

4.6 
5.0 
5.3 
5.6 
6.0 
6.3 

4.8 
5.2 
5.5 
5.9 
6.2 
6.5 

4.9 
5.3 

5.7 
6.1 
6.4 
6.8 

5.1 
5.5 
5.9 
6.3 
6.7 
7.0 

5.2 
5.7 
6.1 
6.5 
6.9 
7.2 

5.4 
5.8 
6.3 
6.7 
7.1 
7.4 

5.5 
6.0 
6.4 
6.9 
7.3 
7.6 

5.6 
6.1 
6.6 
7.0 

7.4 
7.8 

5.7 
6,3 
6.8 
7.2 
7.6 
8.0 

BIDS       ! 
BBCTAJT- 
auiajs  DUCT 

10.0 

10.5 

11.0 

HJ 

12.0 

12.fi 

12.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

3.0 
3.5 
4.0 
4.5 
5.0 
5.5 

5.7 
6.3 
6.8 
7.2 
7.6 
8.0 

5.9 
6.4 
6.9 
7.4 

7.8 
8.2 

6.0 
6.5 
7.1 
7.5 
8.0 
8.4 

6.1 
6.7 
7.2 

7.7 
8.1 
8.6 

6.2 
6.8 
7.3 

7.8 
8.3 
8.7 

6.3 

6.9 
7.5 
8.0 
8.4 
8.8 

6.4 
7.0 
7.6 
8.1 
8.6 
9.0 

6.5 
7.1 

7.7 
8.2 
8.7 
9.2 

6.6 
7.2 
7.8 
8.4 
8.9 
9.4 

6.7 
7.3 
7.9 
8.5 
9.0 
9.5 

6.8 
7.4 
8.1 
8.6 
9.1 
9.6 

6.9 
7.5 
8.2 
8.7 
9.3 
9.8 

7.0 
7.6 
8.3 
8.9 
9.4 
9.8 
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TABLE  2.    CIRCULAR  EQUIVALENTS  OF  RECTANGULAR  DUCTS  FOE  EQUAL  FEICTION 

AND  CAPACITY  (CONTINUED) 

Dimension®  in  Inches 


SlDSB 

REC- 

TAN- 
GULAB 

DUCT 

6 

7 

8 

9 

10 

n 

12 

13 

14 

15 

18 

17 

18 

is 

6 

6.6 

7 

7.1 

7.7 

8 

7.5 

8.2 

8.8 

9 

8.0 

8.6 

9.3 

9.9 

10 

8.4 

9.1 

9.8 

10.4 

10.9 

11 

8.8 

9.5 

10.2 

10.8 

11.4 

12.0 

12 

9.1 

9.9 

10.7 

11.3 

11.9 

12.5 

13.1 

13 

9.5 

10.3 

11.1 

11.8 

12.4 

13.0 

13.6 

14.2 

14 

9.8 

10.7 

11.5 

12.2 

12.9 

13.5 

14.2 

14.7 

15.3 

15 

10.1 

11.0 

11.8 

12.6 

13.3 

14.0 

14.6 

15.3 

15.8 

16.4 

16 

10.4 

11.4 

12.2 

13.0 

13.7 

14.4 

15.1 

15.7 

16.3 

16.9 

17.5 

17 

10.7 

11.7 

12.5 

13.4 

14.1 

14.9 

15.5 

16.1 

16.8 

17.4 

18.0 

18.6 

18 

11.0 

11.9 

12.9 

13.7 

14.5 

15.3 

16,0 

16.6 

17.3 

17.9 

18.5 

19.1 

19.7 

19 

11.2 

12.2 

13.2 

14.1 

14.9 

15.6 

16.4 

17.1 

17.8 

18.4 

19.0 

19.6 

20.2 

20.8 

20 

11.5 

12.5 

13.5 

14.4 

15.2 

15.9 

16.8 

17.5 

18.2 

18.8 

19.5 

20.1 

20.7 

21.3 

22 

12.0 

13.1 

14.1 

15.0 

15.9 

16.7 

17.6 

18.3 

19.1 

19.7 

20.4 

21.0 

21.7 

22.3 

24 

12.4 

13.6 

14.6 

15.6 

16.6 

17.5 

18.3 

19.1 

19.8 

20.6 

21.3 

21.9 

22.6 

23.2 

26 

12.8 

14.1 

15.2 

16.2 

17.2 

18.1 

19.0 

19.8 

20.6 

21.4 

22.1 

22.8 

23.5 

24.1 

28 

13.2 

14.5 

15.6 

16.7 

17.7 

18.7 

19.6 

20.5 

21,3 

22.1 

22.9 

23.6 

24.4 

25.0 

30 

13.6 

14.9 

16.1 

17.2 

18.3 

19.3 

20.2 

21.1 

22.0 

22.9 

23.7 

24.4 

25.2 

25.9 

32 

14.0 

15.3 

16.5 

17.7 

18.8 

19.8 

20.8 

21.8 

22.7 

23.6 

24.4 

25.2 

26.0 

26.7 

34 

14.4 

15.7 

17.0 

18.2 

19.3 

20.4 

21.4 

22.4 

23.3 

24.2 

25.1 

25.9 

26.7 

27.5 

36 

14.7 

16.1 

17.4 

18.6 

19.8 

20.9 

21.9 

23.0 

23.9 

24.8 

25.8 

26.6 

27.4 

28.3 

38 

15.0 

16.4 

17.8 

19.0 

20.3 

21.4 

22.5 

23.5 

24.5 

25.4 

26.4 

27.3 

28.1 

29.0 

40 

15.3 

16.8 

18.2 

19.4 

20.7 

21.9 

23.0 

24.0 

25.1 

26.0 

27.0 

27.9 

28.8 

29.7 

42 

15.6 

17.1 

18.5 

19.8 

21.1 

22.3 

23.4 

24.5 

25.6 

26.6 

27.6 

28.5 

29.4 

30,4 

44 

15.9 

17.5 

18.9 

20.2 

21.5 

22.7 

23.9 

25.0 

26.1 

27.2 

28.2 

29.1 

30.0 

31.0 

46 

16.2 

17.8 

19.2 

20.6 

21.9 

23.2 

24.3 

25.5 

26.7 

27.7 

28.7 

29.7 

30,6 

3L6 

48 

16.5 

18.1 

19.6 

20.9 

22.3 

23.6 

24.8 

26.0 

27.2 

28.2 

29.2 

30.2 

31.2 

32.2 

50 

16.8 

18.4 

19.9 

21.3 

22.7 

24.0 

25.2 

26.4 

27.6 

28.7 

29.8 

30.8 

31.8 

32.8 

52 

17.0 

18.7 

20.2 

21.6 

23.1 

24.4 

25.6 

26.8 

28.1 

29.2 

30.3 

31.4 

32.4 

33.4 

54 

17.3 

19.0 

20.5 

22.0 

23.4 

24.8 

26.1 

27.3 

28.5 

29.7 

30.8 

31.9 

32.9 

33.9 

56 

17.6 

19.3 

20.9 

22.4 

23.8 

25.2 

26.5 

27.7 

28.9 

30.1 

31.2 

32.4 

33.4 

34.5 

58 

17.8 

19.5 

21,1 

22.7 

24.2 

25.5 

26.9 

28.2 

29.3 

30.5 

81.  7 

32.9 

33.9 

35.0 

60 

18.1 

19.8 

21.4 

23.0 

24.5 

25.8 

27.3 

28.7 

29.8 

31.0 

32.2 

33.4 

34.5 

85.5 

62 

18.3 

20.1 

21.7 

23.3 

24.8 

26.2 

27.6 

29.0 

30.2 

31.4 

32.6 

33.  S 

35.0 

36.0 

64 

18.6 

20.3 

22.0 

23.6 

25.2 

26.5 

27.9 

29.3 

30.6 

31.8 

33.1 

34.2 

35.5 

86.5 

66 

18.8 

20.6 

22.3 

23.9 

25.5 

26.9 

28.3 

29.7 

31.0 

32.2 

33.5 

34.7 

85.9 

87.0 

68 

19.0 

20.8 

22.5 

24.2 

25.8 

27.3 

28.7 

30.1 

31.4 

82.6 

33.9 

35.1 

86.3 

87.5 

70 

19.2 

21. 

22.8 

24.5 

26.1 

27.6 

29.1 

30.4 

31.8 

33.1 

34.3 

85.6 

16.8 

17.9 

transitions  are  representative  of  changes  in  cross-sectional  area,  and  bends 
(elbows)  are  representative  of  changes  in  direction  of  the  duct. 

Shock  losses  vary  substantially  as  the  square  of  the  velocity  of  the  air, 
and  are  therefore  conveniently  expressed  as  a  fraction  of  the  velocity  head. 
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where 

hv  —  the  total  shock  pressure  loss,  feet  of  fluid  flowing. 
v  —  velocity  of  air,  feet  per  second, 

—  =«  the  Telocity  pressure  corresponding  to  the  mean  velocity  of  flow,  feet  of 

fluid  flowing. 

c  =  an  empirical  factor  based  on  experiments  and  termed  shock  factor  or  loss 
coefficient. 

It  can  be  seen  from  Equation  4  that  the  shock  factor  is  independent  of 
both  density  and  the  unit  used,  and  that  it  represents  the  number  of  velocity 
heads  lost  at  the  conduit  transition  or  bend.  Values  of  the  shock  factor 
for  various  duct  elements  are  sometimes  tabulated.6-7  It  should  be  kept 
in  mind,  however,  that  absolutely  reliable  shock  factors  have  not  yet  been 


VEUOCITY,  FT  PER  MINUTE 
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^^ 

X 

X 

x 
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^ 

' 

X 

X 

X 
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^X" 

'*'*' 

^^ 

0.01  0.02      0.03  0.04      0.06  0.08  0.1  02        0.3    0.4        0.6    0.8  1.0  2.0        3.0 

VELOCITY  HEAD,  INCHES  OF  WATER 

FIG.  4,  RELATION"  BETWEEN  VELOCITY  AND  VELOCITY  HEAD  FOB  STAND AKD  AIB 


fully  established  for  all  duct  elements,  and  that  difficulties  have  been  en- 
countered in  correlating  experimental  data  of  different  investigators.  A 
comprehensive  study  of  the  loss  factors  of  duct  elements  is  being  conducted 
by  the  A.S.ELV.E.  Research  Laboratory  for  the  purpose  of  obtaining 
exact  data. 

For  standard  air  Equation  4  changes  to : 


(5) 


where 
Hv 


«*  total  shock  pressure  loss,  inches  of  water. 
Vm  =  velocity  of  air  stream,  feet  per  minute. 
(7  =  an  experimentally  determined  constant  (snook  loss  coefficient)  . 

Fig.  4,  which  shows  diagrammatically  the_relation  of  velocity  pressure  to 
velocity  for  standard  air  (Vm  =  4005  V#v)5  caDL  be  conveniently  used  to 
find  the  total  shock  pressure  loss  for  any  duct  element  with  known  shock 
loss  coefficient  C. 

Shock  losses  are  independent  of  the  roughness  of  the  duct  walls  and 
therefore  cannot  be  computed  correctly  as  friction  losses.  It  is,  neverthe- 
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less,  customary  to  express  the  dynamic  and  friction  losses  in  duct  sections 
or  elements  in  equivalent  length  of  duct  in  feet,  or  in  diameters  to  facilitate 
their  computation  as  friction  losses.  Formulas  have  been  developed  for 
expressing  these  relations.8 

IN  ELBOWS 

It  is  conveninent  to  express  the  dynamic  and  friction  losses  in  elbows  as 
equal  to  a  number  of  diameters  of  round  pipe5  or  a  number  of  widths  of 
rectangular  pipe,  or  equivalent  length  of  duct.9  The  curves  in  Fig.  5  give 
the  number  of  diameters  or  widths  of  pipe  which  have  a  frictional  resistance 
equivalent  to  the  pressure  drop  in  the  elbows.  Curves  B  and  C  are  based 
on  tests  of  round  and  square  elbows10  of  ordinary  good  sheet  metal  con- 
struction. 


50        75       100       125       150       175       200       225       250       275      300       325       350 
CENTER-LINE  RADIUS  IN  PER  CENT  OF  PIPE  DIAMETER  OR  WIDTH 

Fis.  5.  Loss  OP  PBBSSUBB  IN  ELBOWS 

Values  obtained  from  Curve  A  should  be  used  when  there  is  any  doubt 
as  to  quality  of  duct  construction.  It  is  suggested  that  this  curve  be  used 
for  rectangular  elbows  and  five-piece  elbows,  as  it  will  thus  allow  an  addi- 
tional factor  of  safety  without  seriously  affecting  the  design. 

As  indicated  in  Fig.  5,  long  radius  elbows  will  offer  much  less  resistance 
to  the  flow  of  air  than  short  radius  elbows.  Experience  has  shown  that 
good  results  may  be  expected  when  the  radius  to  the  center  of  the  elbow 
is  1.5  times  the  pipe  diameter  or  duct  width  parallel  to  the  radius.  Exami- 
nation of  Fig.  5  will  indicate  that  little  advantage  is  to  be  gained  by  select- 
ing elbows  having  a  centerline  radius  of  more  than  two  diameters.11  Elbows 
having  a  radius  of  more  than  three  diameters  show  a  slightly  increased 
resistance  due  to  the  increased  length  of  pipe  but,  when  used,  they  reduce 
the  overall  resistance  of  the  system  and  therefore  should  not  be  avoided. 

Where  space  conditions  necessitate  the  use  of  short  radius  or  miter 
elbows  in  square  or  rectangular  duct  work,  turning  vanes  should  be  used 
to  reduce  the  pressure  losses.  Rough  or  raw  edges  on  the  vanes  should  be 
avoided  to  prevent  objectionable  noise.  Table  3  shows  typical  types  of 
vanes  and  gives  the  resistance,  expressed  in  equivalent  length  of  straight 
pipe,  for  a  74n.  x  7-in.  elbow  of  each  type. 
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The  pressure  loss  through  elbows  of  less  than  90  deg  may  be  assumed  to 
be  directly  proportional  to  the  ratio  of  the  angle  through  which  the  turn 
is  made.  The  resistance  will  vary  widely  for  the  large  degree  turns  depend- 
ing upon  the  aspect  ratio  and  the  length  of  straight  pipe  between  the  elbows 
but,  for  practical  purposes,  it  may  be  assumed  that  the  ratio  remains 
proportional  to  the  angle  through  which  the  turn  is  made.  Reverse  90  deg 
elbow  turns  should  be  avoided  wherever  possible  but,  where  used,  the 
friction  indicated  in  Fig.  5  should  be  doubled  for  the  second  elbow.  Addi- 
tional tests  are  needed  on  the  loss  of  pressure  in  elbows  and  other  types  of 
duct  fittings  in  order  to  reconcile  the  difference  between  values  shown  in 

TABLE  3.    EFFECT  OF  VANES  ON  PRESSURE  Loss  OF  T-INCH  SQUARE  VENTILATING 

Duet* 

Expressed  in  feet  of  total  equivalent  length  of  duct  (ELD) 


SQUARE  MITER  ELBOW 

STANDARD  ELBOWS  WITH  VARIOUS  RADII 

Radius 

Ratio 

X 

0 

.2 

.4 

.6 

£ 

IJQ 

a 

Radius 
Ratio 

R> 

•'w 

0 

2 

.4 

.6 

.8 

1,0 

^ 

Uw-l 

ELD,  ft 

41.1 

30.5 

27.5 

30.1 

37.7 

38.5 

ELP,  ft 

39.7 

23.3 

22.0 

25.7 

28.9 

39.7 

Radius 
Ratio 

/W 

0 

2 

3 

R2 

Radius 
Ratio 

X«? 

0 

2 

3 

,4 

.5 

.6 

*^\ 

J&x 

0 

A 

.5 

x-w 

Q 

A 

.5 

.6 

.7 

,8 

ELO.ft 

41.1 

23.5 

233 

ao,  ft 

39.7 

20.0 

22.0 

23,0 

233 

25.7 

R2 

Radius 
Ratio 

/-w 

0 

2 

3 

^ 

Radius 

Ratio 

^w 

0 

A 

£ 

.8 

1.0 

1.2 

Js 

* 

R2 

-w 

0 

A 

5 

X^ 

0 

.6 

.7 

£LO,  ft 

253 

17.7 

16.5 

ia7 

23.5 

25.6 

R2 

te 

ELD,  ft 

41.1 

20,7 

22,2 

4"  1.  R. 

Radius 
Ratio 

X 

0 

.7 

* 

,9 

IjQ 

12 

I/ 

|^ 

L 

—  « 
[^ 

^ 

*• 

-\ 

\ 

ELD\ft 

14.2 

13.3 

13.0 

12.7 

12.5 

12.7 

VANE 

A 

B 

C 

D 

ELD,  ft 

21.8 

17.0 

17.9 

173 

*  For  more  complete  data  see  A.S.H.V.E.  RESEABCH  REPOST  No.  121&— Effect  of  Vanes  in  Reducing 
Pressure  Loss  in  Elbows  in  7-Inch  Square  Ventilating  Duct,  by  M.  C.  Stuart,  C.  F.  Warner  and  W,  C.  Roberts 
(A.S.H.V.E,  TRANSACTIONS,  Vol.  48, 1942,  p.  409). 

Note  A:  Vane  A  made  up  of  a  large  number  of  small  splitters ;  B  made  up  of  a  small  number  of  large  split- 
ters bent  on  a  large  radius,  C  hollow  vanes  having  different  outside  and  inside  curvature;  and  JD  four  splitters 
with  R/W  »  0.4.  Elbow  same  as  D  except  2  in.  trailing  edge  on  the  end  of  each  splitter,  ELD  in  feet  «  17.0, 

Fig,  5  and  results  of  more  recent  tests  shown  in  Table  3.  A  study  of  this 
subject  is  in  progress  at  the  A.S.H.VJE.  Research  Laboratory  for  the 
purpose  of  obtaining  such  data. 

LOSSES  DUE  TO  AEEA  CHANGES 

Area  changes  in  ducts,  generally  unavoidable,  are  necessitated  fre- 
quently by  the  building  construction  or  changes  in  the  volume  of  air  car- 
ried. Experimental  investigations12'13  of  pressure  changes,  and  pressure 
losses  at  changes  of  the  area  of  duct  cross-sections,  indicate  that  the  excess 
pressure  loss  over  the  normal  friction  loss  is  a  shock  loss  due  to  a  faster 
stream  expanding  into  a  slower  stream,  as  determined  by  the  actual  areas 
occupied  by  the  flow  rather  than  the  areas  of  the  duct.  No  perceptible 
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FIG.  6.  AIR  FLOW  AT  ABRUPT  ENLARGEMENT  OR  CONTBACTION  OF  AIR  STREAM 

shock  loss  is  due  to  the  converging  of  the  air  stream  Itself  where  the  flow 
is  contracted,  but  the  converging  of  the  air  stream  causes  the  flow  to  con- 
tract beyond  the  edge  of  the  constriction,  forming  a  vena  contracta  in 
which  the  area  of  cross-section  of  the  air  stream  is  the  minimum  imme- 
diately following  the  edge  of  the  constriction.  For  contraction,  therefore, 
the  shock  loss  is  caused  by  expansion  from  the  vena  contracta  to  the  full 
area  following  the  contraction.  Enlargement  in  area  may  be  considered 
as  a  special  condition  of  general  expansion  following  contraction.  Fig.  6 
illustrates  (a)  abrupt  enlargement  and  (b)  abrupt  contraction. 

For  a  sudden  symmetrical  enlargement,  a  theoretical  expression  for  the 
loss  is : 


(6) 
\         -0-27   *y  &y 

or  for  standard  air : 


4005 
where 

he  =  pressure  loss  due  to  sudden  enlargement,  feet  of  fluid  flowing. 
He  »*  pressure  loss  due  to  sudden  enlargement,  based  on  standard  air,  inches 
of  water. 

Vl  =  velocity  in  the  inlet  duct,  feet  per  second. 

t>2  ~  velocity  in  the  outlet  duct,  feet  per  second. 
Yi  =  velocity  in  the  inlet  duct,  feet  per  minute, 
Y$  «  velocity  in  the  outlet  duct,  feet  per  minute. 
Ai  =  area  of  the  inlet  duct,  square  feet. 
A%  =«  area  of  the  outlet  duct,  square  feet. 

The  loss  for  a  sudden  symmetrical  contraction,  h0  can  similarly  be  ex- 
pressed as 


2g  (8) 

where 

h6  =  pressure  loss  due  to  sudden  contraction,  feet  ,of  fluid  flowing. 
t>2  s«  the  velocity  at  the  vena  contracta,  feet  per  second. 
Ag  =  the  area  of  the  vena  contracta,  square  feet. 

Ar 
Introduction  of  the  contraction  coefficient  a  =  -r  and  the  loss  coefficient 
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(  --  1  J  in  Equation  (8)  gives  (with  A(  X  vfz 


X 


or  for  standard  air: 


where 

H0  =  pressure  loss  due  to  sudden  contraction,  inches  of  water. 
Fi  =  velocity  in  the  inlet  duct,  in  feet  per  minute. 

Values  for  C  and  a  are  given  in  following  table ; 
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(9) 


(10) 


DUCT  ELEMENT 

& 

c 

Sharp  corner 
Broken  corner 
Corner  with  small  radius 
Corner  with  large  radius 

0,61  to  0.64 
0.68  to  0.8 
0.9 
0.99 

0.41    to  0.314 
0.221  to  0.0625 
0.0125 
0.0001 

Values  of  a  for  sharp  corners  for  increasing  ratios  of  A%/ 
the  following  table : 


are  given  in 


0.01      0.1 


0.2 


0.4        0.6       0.8 


1.00 


0.6 


0.61        0.62       0.65       0.7       0.77        1.00 


For  discharge  to  atmosphere  from  a  pipe,  C  =  1.0  in  Equation  10, 
whereas  for  discharge  to  atmosphere  from  an  opening  in  a  pipe  or  wall 
surface,  it  is  approximately  2.5: 


w 


=  2.5 


Conditions  of  expansion  and  contraction,  in  addition  to  abrupt  expansion 
and  abrupt  contraction,  include  abrupt  contraction  followed  by  either 
abrupt  or  gradual  expansion,  and  gradual  contraction  followed  by  either 
abrupt  or  gradual  expansion.  Pressure  losses  for  various  duct  conditions 
have  been  determined  experimentally,  although  the  available  information 
is  generally  restricted  to  symmetrical  area  changes.12'13'14 

For  a  gradual  enlargement,  Equation  7  changes  to  : 


4005 


(ID 


where 


pressure  loss  due  to  gradual  enlargement,  based  on  standard  air,  inches 
of  water. 

coefficient  of  loss,  dependent  upon  the  total  angle  included  between  the 
sides  of  the  duct. 
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Values  for  Ci  are  given  in  the  following  table: 


TOTAL  INCLUDED  ' 

ANGLE,  DEGREES! 

5        ; 

7 

|              10             ; 

20      ; 

30 

40 

50 

60 

0.20    ,     O.lo     i    0.16    '     0.35     ,     0-85    j     O.SO     j     0.92       1.0 
The  fundamental  energy  equation  for  standard  air  flow  in  a  horizontal 


duct  can  be  written15 

H*  +  f  5^1 
y  40CJO  / 


(  IS?]  +  Loss  of  Presswe  (head)  (12) 

\40UO  J 


where 


fl"i  and  H*  ta  the  static  pressure  (head)  at  two  given  points  (I)  and  (2),  inches 

of  water. 

/  Vi  V      /  ^  V 

I  -  I  and  I  --  1    =  tlie  velocity  pressure  (head)  at  the  same  points  ,  inches 
\40D5/  \4005/ 

of  water. 

Equation  12  states  that  the  mechanical  energy  at  a  given  point  (1)  must 
be  equal  to  the  mechanical  energy  at  another  point  (2),  plus  any  dissipa- 
tion of  mechanical  energy  to  internal  energy  (loss  of  pressure).  Equa- 
tion 12  is  only  valid,  if  no  work  is  done  by  or  upon  the  air  between  the 
sections  (1)  and  (2),  and  if  there  is  no  heat  transfer  to  or  from  the  air. 

/   V  V 

In  Equation  12,  H  is  a  measure  of  the  potential  energy  and  f  j™  j  a 

measure  of  the  kinetic  energy  or  energy  of  motion.  The  sum  of  static 
pressure  and  velocity  pressure  is  called  total  (dynamic,  impact)  pressure, 
and  is  a  measure  of  the  total  energy. 

Static  pressure  and  velocity  pressure  are  mutually  convertible,  that  is 
to  say,  static  pressure  may  be  transformed  into  velocity  pressure,  and 
vice  versa.  Every  change  in  the  cross-sectional  area  of  a  duct  results 
in  such  a  conversion  of  energy,  which  is  always  accompanied  by  some  loss 
in  efficiency,  or  loss  in  total  pressure. 

In  the  final  analysis  of  pressure  losses  in  ducts,  shock  losses  are  therefore 
due  to  accelerations  and  decelerations  of  the  air  stream  as  a  whole.  In  a 
converging  duct,  the  air  velocity  will  be  accelerated;  some  pressure  head 
will  be  converted  into  velocity  pressure.  This  conversion  is  generally  a 
stable  and  efficient  process,  the  energy  losses  are  small,  and  there  is  no 
eddy  formation. 

In  an  expanding  duct  section  on  the  other  hand,  the  air  will  be  decel- 
erated and  an  opposing  pressure  gradient  is  required  to  reduce  the  velocity. 
If  the  angle  of  divergence  is  appreciable,  the  flow  becomes  unstable,  there 
is  danger  of  separation  of  the  flow  from  the  duct  wall,  and  large  energy 
losses  and  eddy  formation  are  possible.16 

In  order  to  keep  losses  in  an  expanding  duct  section  to  a  minimum  and 
to  convert  the  velocity  pressure  efficiently  into  static  pressure,  the  angle  of 
divergence  should  be  kept  small.17  Theoretically,  it  might  seem  possible 
to  increase  ^the  duct  area  so  gradually  that  the  reduction  in  velocity  and 
accompanying  loss  of  velocity  pressure  would  occur  reversibly,  and  thus 
permit  100  per  cent  conversion  to  static  pressure.  Such  an  ideal  applica- 
tion of  the  principle  of  static  regain  in  duct  design  is,  of  course,  impossible 
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for  various  reasons18  such,  as:  the  necessity  of  using  sections  of  uniform 
diameter  because  of  cost,  the  need  for  using  ducts  of  dimensions  varying 
in  full  inches,  the  changing  of  duct  sizes  mainly  at  branch  connections5  and 
the  inevitable  loss  due  to  turbulence.  The  principle  of  static  pressure 
regain  is,  however,  of  importance  in  the  economical  design  of  duct  systems. 
Fig,  7  shows  the  application  of  static  pressure  regain  to  a  simple  fan  and 
discharge  duct.19  The  fan  in  the  upper  part  of  the  figure  has  a  free  inlet 
and  discharges  air  through  a  straight  duct,  the  diameter  of  which  is  equal 
to  the  fan  outlet.  The  total  pressure  which  must  be  provided  by  the  fan 
is  therefore  the  sum  of  the  pressure  that  is  necessary  to  overcome  the  fric- 
tion in  the  duct  (no  shock  pressure  loss),  plus  the  velocity  pressure  which 
in  this  case  is  the  same  at  any  location  along  the  length  of  the  duct. 

Arrange/vent  A 


4_  t  Ve/oc/fy  Pressure 
\  \J  of  the  A/r  Le&v/ng 
the  System. 


^Atmospheric  Pressure 
Arrangement   8 


After 
Section 


Expanding  Sectfon 


-if Decrease  to' Totctf  Pressure 
Due  to  Sfafy'c  Pressure1  tfegatn 


of  the  Air  Leaving 


^Vehc/ty 
Pressure 


*$tatfc  Pressure  Re- 
gain in  Expanding 
Section, 


FIG.  7.  APPLICATION  OF  STATIC  PKESSURE  REGAIN  TO  A  SIMPUB  FAN 
AND  DISCHARGE  DUCT 

In  arrangement  B  in  the  lower  part  of  Fig.  7,  a  diverging  section,  with 
after  section,  has  been  added  to  the  straight  duct.  The  velocity  in  the 
diverging  section  is  therefore  decreased,  and  velocity  pressure  converted 
into  static  pressure  before  the  air  is  released  to  the  atmosphere.  It  can 
be  seen  that  in  case  B,  the  total  pressure  at  the  fan  outlet  is  less  than  in 
case  A,  and  thus  a  saving  in  horsepower  can  be  effected. 

The  regain  in  static  pressure  Ar  in  an  abruptly  expanded  section  is  the 
difference  in  the  velocity  pressures  of  the  small  and  the  large  duct,  minus 
the  shock  pressure  loss  (Equation  6)  : 


fi  _  ill  _ 
2g      20  J 


2<7 


(13) 


or  simplified 


(14) 
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where 

for  «  regain  in  static  pressure,  feet  of  fluid  flowing. 

Vi  and  rj  =  mean  velocities   in  Inlet  and   outlet   duct   sections,   respectively, 
feet  per  second. 

The  static  pressure  regain  In  a  gradually  expanding  transition,  followed 
by  an  after  section,  may  be  expressed  as  : 


or 

h<  =  <*-*-«<*-•*  (16) 

where 

d  =  an  experimentally  determined  constant  depending  on  nature  of  construction. 

Curves  have  been  developed  showing  the  static  pressure  regain  and  the 
theoretical  efficiency  of  conversion  in  abrupt  expansion,  and  in  diverging 
sections  in  smooth  circular  ducts.18'14 

DUCT  DESIGN 

The  discussion  of  duct  design  in  this  chapter  refers  to  ducts  in  fan  sys- 
tems for  central  heating,  ventilating  and  air  conditioning  systems.  Addi- 
tional data  for  heating  ducts  used  in  residences  are  to  be  found  in  Chapter  18 
(Gravity  Warm  Air  Systems)  and  Chapter  19  (Mechanical  Warm  Air 
Systems).  The  design  of  ducts  in  industrial  exhaust  systems  is  discussed 
in  Chapter  45. 

The  following  general  rules  should  be  followed  in  design: 

1.  The  air  should  be  conveyed  as  directly  as  possible  at  the  permissible  velocities 
to  obtain  the  desired  results  with  greatest  economy  of  power,  material  and  space. 

2.  Sharp  elbows  and  bends  should  be  avoided*    Carefully  designed  splitters  and 
turning  vanes  should  be  used  to  reduce  the  elbow  or  outlet  pressure  loss. 

3.  Diverging  transformation  pieces  should  be  made  as  long  as  practicable.    As 
shown  in  the  section  on  area  changes,  losses  in  sudden  enlargements  are  high,  and 
abrupt  enlargements  should  be  avoided.    The  included  angle  of  divergence  for 
enlargements  should  not  exceed  20  deg.    Losses  in  contractions  are  low,  but  the  in- 
cluded angle  of  convergence  should  not  be  larger  than  60  deg. 

4.  Special  care  should  be  taken  to  avoid  restriction  of  flow  in  elbows  or  trans- 
formation pieces. 

5.  Rectangular  ducts  should  be  made  as  nearly  square  as  possible.    Good  practice 
limits  the  ratio  between  the  long  side  and  the  short  side  3  to  1  .    In  no  case  should  this 
ratio  exceed  10  to  1. 

6.  Ducts  should  be  constructed  of  smooth  material,  such  as  steel  or  aluminum 
sheet  metal.    For  ducts  made  from  other  materials,  for  example  masonry,  proper 
allowance  for  the  surface  friction  coefficient  should  be  made. 

Procedure  for  Duct  Design 
The  general  procedure  for  design  is  outlined  as  follows: 

1.  Study  the  plan  of  the  building  and  draw  in  roughly  the  most  convenient  system 
of  ducts,  taking  cognizance  of  the  building  construction,  avoiding  all  obstructions 
in  steel  work  and  equipment,  and  at  the  same  time  maintaining  a  simple  design. 

2.  Arrange  the  positions  of  duct  outlets  to  insure  the  proper  distribution  of  air. 

3.  Divide  the  building  into  zones  and  proportion  the  volume  of  air  necessary  for 
each  zone. 

4.  Determine  the  size  of  each  outlet,  based  on  the  volume  as  obtained  in  the  pre- 
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ceding  paragraph,  for  the  proper  outlet  velocity  and  throw.    In  case  of  some  ceiling 
diffusers.,  determine  size  of  outlet  for  proper  throat  velocity  and  radius  of  diffusion. 

5.  Calculate  the  sizes  of  all  main  and  braach  ducts  by  one  of  the  three  methods  of 
sizing  air  supply  systems  in  common  use,  the  velocity  reduction  method,  the  equal 
friction  method  or  the  static  regain  method. 

6.  Calculate  the  losses  for  the  duct  offering  the  greatest  resistance  to  the  Sow  of 
air,  using  the  A.S.H.V.E.  Friction  Charts,  Figs.  1  and  2,  and  the  other  data  given 
in  this  chapter. 

Recommended  Design  Velocities 

The  air  velocities  given  in  Table  4  have  been  found  to  give  satisfactory 
results  in  engineering  practice.  Where  the  higher  velocities  are  used, 
the  ducts  should  be  cross-braced  to  prevent  breathing,  buckling  or  vibra- 
tion, and  should  be  constructed  of  heavier  gage  metal.  At  the  higher 
velocities,  it  is  particularly  important  to  design  the  ducts  for  minimum 


TABLE  4.    RECOMMENDED  AND  MAXIMUM  DUCT  VELOCITIES 


DBSZONAXEON 

RBCOMMHNDBD  VELOCITIES,  STM 

MAXIMUM  VKLomsES,  FPM 

Residences 

Schools, 
Theaters, 
Public 
Buildings 

Industrial 
Buildings 

Residences 

Schools, 
Theaters, 
Public 
Buildings 

Industrial 
Buildings 

Outside  Air  Intakes* 
Filters8 
Heating  Coilsa 

500 
250 
450 

500 
300 
500 

500 
350 
600 

800 
300 
500 

900 
350 
600 

1200 
350 
700 

Air  Washers 
Suction  Connections 
Fan  Outlets 

500 
700 
1000-1600 

500 
800 
1300-2000 

500 
1000 
1600-2400 

500 
900 
1700 

500 
1000 
1500-2200 

500 
1400 
1700-2800 

Main  Ducts 
Branch  Ducts 
Branch  Bisers   , 

700-900 
600 
500 

1000-1300 
600-900 
600-700 

1200-1800 
800-1000 
800 

800-1200 
700-1000 
650-800 

1100-1600 
800-1300 
800-1200 

1300-2200 
1000-1SOJ 
1000-1603 

*  These  velocities  are  for  total  face  area,  not  the  net  free  area;  other  velocities  in  table  are  for  net  free  area. 

resistance.  As  high  velocities  at  one  point  offset  the  effect  of  proper  design 
in  all  other  parts  of  the  system,  emphasis  should  be  placed  on  the  impor- 
tance of  air  velocities,  elbow  design,  location  of  dampers,  fan  connections, 
grille  and  register  approach  connections,  and  similar  details.  For  industrial 
buildings,  noise  is  seldom  given  much  consideration,  and  main  duct  veloci- 
ties as  high  as  2800  or  3000  f  pm  are  sometimes  used,  but  when  these  veloci- 
ties are  used  due  consideration  should  be  given  to  duct  design,  resistance 
pressure,  fan  efficiencies  and  motor  horsepower.  For  department  stores 
and  similar  buildings,  2000  to  2200  fpm  are  sometimes  used  in  main  ducts 
where  noise  is  not  objectionable  and  space  conditions  warrant  it. 

Where  high  velocity  diffusing  outlets  are  used,  the  duct  velocity  should 
be,  if  possible,  equal  to,  or  somewhat  lower  than  the  throat  (neck)  velocity 
of  the  diffuser,  in  order  to  utilize  the  effect  of  higher  static  pressure  in  the 
duct  for  equalization  of  air  discharge. 

The  velocities  in  main  ducts,  and  particularly  in  branch  ducts  and  branch 
risers,  should  be  correlated  to  the  throat  (neck)  velocity  of  the  air  outlets, 
and  manufacturers'  data  should  be  consulted  for  permissible  throat  velocity 
for  the  particular  type  of  application. 

If  it  is  necessary  to  use  a  duct  velocity  that  is  twice  the  velocity  for  an 
outlet  mounted  on  the  side  of  the  duct,  a  collar  with  directing  vanes  should 
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be  used  to  straighten  the  flow  of  air  from  the  outlet.  Sometimes  It  Is 
desirable  to  mount  the  outlet  flush  with  the  side  of  the  duct,  in  which  case 
the  duct  velocity  should  be  kept  below  twice  that  of  ^the  outlet  velocity, 
and  even  then  an  outlet  larger  than  normally  required  should  be  used,  as 
the  entire  outlet  area  will  not  be  effective.  Manufacturers'  selection  tables 
base  siting  of  outlets  on  required  volume  of  air,  temperature  differential, 
and  distance  of  throw  or  radius  of  diffusion.  In  following  their  recom- 
mendations, maxima  should  be  avoided.  See  Chapter  30  for  a  discussion 
of  air  outlets. 

The  design  of  the  air  transmission  system  is  generally  the  last  step  in 
the  design  of  the  heating,  ventilating  or  air  conditioning  system,  but  it 
should  always  be  kept  in  mind  that  the  type  of  air  transmission  used  will, 
to  some  extent,  depend  on  the  type  of  equipment  used,  as  well  as  on  the 
purpose  of  the  system.  Various  factors  such  as  zoning  and  zone  control, 
and  their  influence  on  the  transmission  and  air  distribution  system,  are 
briefly  discussed  in  Chapter  29  (Central  Systems  for  Air  Conditioning). 

The  methods  used  for  the  design  of  duct  systems  reflect,  to  some  degree, 
certain  developments  in  the  arts  of  heating,  ventilating  and  air  conditioning, 
and  it  took  a  long  time  before  empirical  methods  gave  way  to  more  refined 
and  scientific  calculations.  Some  engineers  prefer  speed  and  simplicity  to 
scientific  exactness,  but  experience  is  then  needed  and  proper  judgment 
must  be  exerted  to  prevent  mistakes.  Both  the  Velocity  Reduction  Method 
and  the  Equal  Friction  Method  take  no  account  of  the  static  regain  resulting 
from  the  difference  between  the  velocity  of  fan  discharge  and  velocities 
of  pipe  discharge,  and  are  therefore,  to  some  degree,  approximate  methods. 
However,  they  are  more  easily  applied  than  the  static  regain  method  which 
is  based  on  proper  theory,  but  is  subject  to  an  assumption  (based  on  tests) 
regarding  the  efficiency  of  conversion  from  kinetic  energy,  to  static  regain. 

L  Velocity  Reduction  Method 

When  this  method  is  used,  arbitrary  velocities  for  the  various  sections 
of  the  ducts  are  selected,  with  the  highest  velocity  at  the  fan  outlet,  and 
lower  velocities  down  the  run  as  various  branch  ducts  are  taken  off  the  main 
duct.  As  the  quantities  of  air  that  are  to  be  delivered  through  each  section 
of  the  duct  are  known,  the  area  of  each  duct  section  can  be  easily  deter- 
mined by  using  the  formula : 

A-    |=  (17) 

Y  m 

where 

A  —  duct  area  in  square  feet. 
Qa  «  air  quantity  in  cubic  feet  per  minute. 
Fm  »  air  velocity  in  feet  per  minute, 

To  find  the  total  static  pressure  against  which  the  fan  must  operate,  the 
static  pressure  loss  of  each  section  is  calculated  separately,  and  the  total 
loss  found  by  adding  the  individual  losses  of  the  sections  of  the  duct  which 
has  the  highest  resistance.  This  may  be  the  duct  with  the  longest  run, 
but  not  necessarily  so. 

The  velocity  method  has  the  advantage  that  the  duct  area  can  be  deter- 
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mined  very  easily.  It  should  be  used  only  for  simple  layouts.  The  air 
velocities  given  earlier  in  this"  chapter  are  helpful  in  choosing  proper 
velocities.  Balancing  is  obtained  by  use  of  dampers.  The  method  is 
illustrated  in  Example  3. 


FIG.  8.  DUCT  LAYOUT  FOE  EXAMPLE  3 

Example  8.  (Velocity  Reduction  Method).  A  duct  layout  is  shown  in  Fig.  8. 
The  fan  delivers  8000  elm.  Four  outlets  deliver  2000  cfm  each.  Find  duct  dimen- 
sions and  total  pressure  loss. 

Solution.  Select  velocity  for  Section  A  (2200  fpm)  and  reduce  velocity  arbitrarily 
along  run.  Find  duct  areas  by  using  Equation  17.  For  selection  of  circular 
equivalents  of  rectangular  ducts  refer  to  Table  2,  and  for  determination  of  friction 
loss  in  duct  refer  to  Fig.  2  (See  Example  I).  Results  are  tabulated  in.  Table  5. 

TABLE  5.    TABULATION  OF  RESULTS  (EXAMPLE  3) 


SECTION 

Ant 

VOLUME 

VELOCITY 

ABBA 

ABEA 

DUCT  SIZE 

DlAM. 

FBICT.FBB 
100  sw. 

Fszcr. 
Loss 

cfm 

fpm 

8Q.  ft. 

sq.  in. 

in. 

in. 

in.HsO 

in.HaO 

A 

8000 

2200 

3.64 

524 

26x20 

24.8 

0.25 

0.10 

B 

6000 

2000 

3,00 

432 

22x20 

22.9 

0.23 

0.05 

C 

4000 

1800 

2.22 

320 

20x16 

19.5 

0.24 

0.05 

D 

2000 

1600 

1.25 

180 

12x16 

15.1 

0.24 

0.05 

Total  resistance,  0.25 


2.  Equal  Friction  Method 

When  the  equal  friction  method  of  design  is  used,  the  duct  system  is 
designed  for  equal  friction  per  foot  of  length.  This  prevents  one  section 
of  the  duct  from  having  an  excessive  resistance  compared  with  another. 
The  usual  procedure  in  this  method  is  to  select  the  main  duct  velocity  to 
be  consistent  with  good  practice  from  a  standpoint  of  noise  for  a  particular 
type  of  building.  This  velocity  should  be  less  than  the  fan  outlet  velocity. 
All  ducts  are  then  sized  for  equal  friction  per  unit  length  by  the  use  of  Figs. 
1  or  2  and  Table  2.  The  equal  friction  method  has  the  advantage  of  auto- 
matically reducing  the  velocities  in  the  various  sections  of  the  system,  and 
also  of  allowing  a  quick  check  of  the  total  duct  resistance. 

In  cases  where  the  fan  or  factory  assembled  air  conditioning  unit  can 
operate  against  only  a  limited  external  resistance,  it  is  necessary  to  divide 
the  permissible  total  resistance  by  the  total  equivalent  length  of  the  longest 
or  most  complicated  run  of  duct  to  determine  the  design  resistance  per 
100  ft,  and  then  to  size  all  ducts  at  this  resistance  value.  This  will  auto- 
matically determine  the  duct  velocities  and  give  the  desired  total  duct 
resistance.  A  further  refinement,  which  is  sometimes  used  in  large  systems, 
is  to  size  each  branch  duct  so  that  it  has  a  resistance  equal  to  the  resistance 
of  the  main  system  at  the  point  of  juncture.  Even  when  this  refinement  is 
added,  regulating  dampers  are  recommended  in  each  branch. 

Example  4.  (Equal  Friction  Method) .  A  duct  layout  is  shown  in  Fig.  9 .  The  fan 
delivers  2500  cfm.  Outlets  No.  1  and  2  deliver  750  cfm  each  and  outlet  No,  3  delivers 
1000  cfm.  Trunk  velocity  is  assumed  as  1500  fpm;  the  area  will  be  1.67  sq  ft  (240 
sq  in,) ;  and  the  size  will  be  20  x  12  in.  Determine  sizes  of  ducts  for  sections  B,  C,  D 
and  E  and  find  the  total  pressure  loss. 
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FIG.  9.  DUCT  LAYOUT  FOR  EXAMPLE  4 

Solution.  The  equivalent  round  diameter  of  a  20  x  12  in.  rectangular  duct  is  16.8 
in.  (from  Table  2) .  Referring  to  Friction  Chart,  Fig.  2,  a  volume  of  2500  cfm  through 
a  16.8  in.  duct  gives  a  resistance  of  0.2  in.  per  100  ft.  The  amount  of  air  to  be  handled 
by  each  section  is  known,  and  the  corresponding  round  duct  sizes  with  equal  pressure 
drop  for  these  values  can  be  located  on  the  0-2  in.  friction  line.  The  equivalent  rec- 
tangular duct  sizes  are  then  selected  from  Table  2. 

Results  are  tabulated  in  Table  6. 


TABLE  6.    TABULATION  OF  BESULTS  (EXAMPLE  4) 


SSCTIONT 

Am 

VOLUME 

FEICTION 

PEE  100  FT. 

DlAM. 

VELOC- 
ITY 

RECTAN- 

GTJLAB 

DUCT 

FSICTIOH 
PEKlOOFT. 

DlAM. 

VELOC- 
ITY 

RECTAN- 

GTILAH 

DUCT 

cfm 

in. 

in. 

fpm 

in. 

in. 

in. 

fpm 

in. 

A 

2500 

0.2 

16.8 

1620 

20x12 

0.2 

17 

1600 

20  x  12 

B 

750 

0.2 

10.7 

1190 

10  x   9 

0.286 

10 

1350 

10  x    8 

C 

1750 

0.2 

14.8 

1400 

15x12 

0.2 

14.5 

1450 

15  x  12 

D 

750 

0.2 

10.7 

1190 

10  x   9 

0.4 

9.8 

1350 

10  x    8 

,      E 

1000 

0.2 

12 

1300 

10x12 

0.2 

12 

1300 

10  x  12 

The  total  pressure  loss  in  the  longest  run  is  the  friction  loss  in  Sections  (A  +  C 
-|-  E) ,  plus  the  shock  loss  in  one  elbow  and  the  loss  through  the  outlet  (3) .  The  pres- 
sure loss  in  the  elbow  will  be  assumed  as  12W  (Fig.  5),  the  equivalent  length  of  duct 
is  then  10  ft,  and  the  design  loss  will  be  0.02  in. 

Friction  loss  (A  +  C  +  E). .  0.12  (Duct  length  »  20  ft  +  10  ft  +  15  ft  -f  15  ft) 

Shock  loss  elbow 0.02 

Loss  through  outlet 0,12 


Total    pressure 
duct. 


loss    in 


0.26  in. 


The  pressure  required  at  the  beginning  of  the  main  run  is  therefore  0.26  in.  The  fan 
selected  for  the  duct  system  must  not  only  deliver  the  required  volume  of  air  against 
this  loss,  but  also  against  the  losses  In  all  air  conditioning  apparatus  such  as  washers 
or  spray  chambers,  heating  or  cooling  coils  and  filters.  The  static  head  required  of 
the  fan  for  the  usual  air  conditioning  installation  is  between  1  and  1.5  in.  of  water. 
About  one-third  of  this  represents  losses  in  the  duct  system.  The  losses  in  the  air 
conditioning  apparatus  can  be  obtained  from  manufacturers'  catalogs. 

Resizing  of  Ducts 

In  order  to  equalize  the  pressure  drop  in  the  system,  the  following  addi- 
tional procedure  is  recommended ; 

Assume  Ri>  As,  -Rs  to  be  the  total  pressure  loss  through  ducts  (1),  (2)  and  (3); 
r»*  n>,  fc,  ?*a,  f*  the  friction  losses  in  the  straight  sections  of  the  system;  rbe,  nie*  **ee  the 
elbow  losses,  and  ri,  r2,  rs  the  loss  through  the  outlets.  Then, 
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If   RI  =  R% <sa  i?i  "•*  R 
n>  +  2rbe  =»  R  —  r&  —  n 

rd  -f-  fde  =  R  —  ra  —  r ®  —  r* 

or,  using  the  values  from  Example  4  * 

n»  -f  2rb*  -  0,26  -  0.04  -  0.12  »  0.10  in. 

rd  +  rde  »  0.26  -  0.04  -  0.02  -  0.12  -  0.08  In. 

The  loss  in  the  elbows  can  be  assumed  to  be  12W  or  10  ft,  the  friction  loss  of  head 
per  100  equivalent  ft  is  then 

forduct(1)  0.15+0fx0.1Q 

forduet(2) 


Using  Friction  Chart  Fig.  1,  the  duct  diameter  of  SectionB,  to  carry  750  cfmwith  a 
loss  of  0.286  in.  per  100ft,  is  found  as  10  in.,  and  the  duct  diameter  of  Section  D,  to  carry 
750  cfm  with  a  loss  of  0.4  in.  per  100  ft  is  9.8  in.  Equivalent  rectangular  ducts  are 
10  X  8  ia.>  the  velocity  in  both  ducts  is  1350  fpm. 

The  actual  loss  in  ducts  (1)  and  (2)  is: 

0.04  *  20  X  ~  +  U  X  1^  +  0.12  -  0.26 

04  04- 

0.06  4- 10  X  ~|  + 10  X  j~  +  0.12  -  0.26 

For  final  survey  of  ducts  selected  see  Table  6  (Tabulation  of  Eesults) . 
3,  Static  Regain  Method 

When  this  method  is  used,  the  velocity  is  reduced  at  each  branch  or 
take-off  so  that  the  recovery  in  static  pressure  due  to  this  reduction  will 
offset  the  friction  in  the  succeeding  section.  This  method  is  based  on  the 
convertibility  of  static  pressure  and  velocity  pressure,  as  discussed  in  a 
preceding  section  on  Pressure  Changes.  If  no  loss  from  friction  or  shock 
occurred,  the  change  in  velocity  head  would  be  completely  converted  into 
a  regain  in  static  pressure,  which  for  standard  air  would  be: 

(18) 

\SUUQ  /  \4UU3 / 

where 

Hr  =  theoretical  head  recovered  (static  regain),  inches  of  water. 

Fi  =*  initial  velocity,  feet  per  minute. 

F2  =  velocity  after  reduction,  feet  per  minute. 

Under  ideal  conditions,  0.7  to  0.8  of  the  velocity  head  is  actually  re- 
covered, but  for  practical  design  an  average  recovery  of  0.5  is  assumed. 
The  actual  velocity  head  recovered  #r,  then  becomes 

(19) 


The  advantage  of  the  static  regain  method  is  that  it  provides  a  con- 
venient means  of  designing  a  long  run  of  duct  (or  an  entire  system)  so  that 
essentially  the  same  static  pressure  will  be  obtained  at  each  outlet.  This 
simplifies  outlet  selection  and  system  balancing.  On  large  systems  or  very 
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long  runs,  where  it  may  not  be  feasible  or  economically  desirable  to  design 
for  zero  static  pressure  loss  between  outlets,  the  method  may  be  used  to  size 
ducts  for  a  uniform  predetermined  loss.  This  loss  or  gain  is  net,  that  is,  it  is 
the  friction  loss  compensated  by  any  static  pressure  gain  made  available 
by  a  change  in  velocity.  (The  latter  effect  is  commonly  neglected  in  the 
Equal  Friction  method.) 

Charts  for  the  practical  application  of  the  principles  of  static  regain  to 
duct  design,  are  presented  in  Figs.  10  and  11.  These  charts  are  based  on 
Equation  19,  as  applied  to  rectangular  ducts  of  average  construction  with 
dimension  ratios  of  3  to  1  or  less.  Note  that  the  gain  or  loss  indicated  on 
the  charts  is  the  net  gain  or  loss  in  the  duct  section  considered  (normally 
the  distance  between  two  outlets);  it  should  not  be  confused  with  static 
pressure  loss  per  100  ft,  or  total  pressure  loss  in  the  duct.  The  total  loss 
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or  gain  in  the  outlet  run  is  the  summation  of  the  losses  or  gains  in  the 
successive  sections  figured.  (Losses  in  outlets,  coils,  or  similar  items  are 
figured  separately.)  The  duct  length  of  any  section  should  include  the 
equivalent  length  of  any  elbows  occurring  within  the  section. 

The  static  regain  charts  are  intended  primarily  for  constructions  where 
regain  takes  place  unaccompanied  by  radical  change  in  direction;  thus, 
in  Fig.  12  they  are  strictly  applicable  along  the  main  run  A  to  E,  and  at  the 
junction  of  Sections  F  and  G,  but  not  at  the  junction  of  Sections  A  and  F. 
Although  some  regain  will  usually  occur  at  the  branch  take-off  (where 
velocity  is  generally  reduced),  there  are  so  many  varieties  of  elbows  and 
branch  take-off  connections,  that  estimation  of  an  average  value  of  regain 
would  be  quite  impracticable. 

The  static  regain  method  finds  its  widest  application  in  the  design  of  long 
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duct  runs  containing  numerous  successive  outlets  (usually  designated  the 
outlet  run).  An  outlet  run  is  typified  by  Sections  C-D-E  in  Fig.  12.  On 
larger  systems  several  methods  of  duct  sizing  may  be  combined  to  secure 
equal  or  approximately  equal  pressures  at  all  outlets.  Example  5  shows 
the  method  of  approach  as  applied  to  a  very  small  system. 

As  with  any  other  method  of  duct  design,  balancing  dampers  should  be 
installed  in  each  branch,  and  each  outlet  should  be  equipped  with  means 
of  regulating  air  volume. 

Example  5.  (Static  Regain  Method).  A  duct  layout  is  shown  In  Fig.  12.  The 
fan  delivers  8000  cfm.  Outlets  1, 2,  3  and  4  deliver  1500  cfm  each,  and  outlets  5  and 
6, 1000  cfm  each.  The  operating  pressure  loss  at  all  outlets  is  0.12  in.  water.  Initial 
trunk  velocity  is  assumed  as  1500  fpm;  the  area  of  the  trunk  duct  will  then  be  5.33 
sq  ft,  and  the  size  will  be  48  x  16  in.  It  is  assumed  that  for  this  example  it  is  de- 
sirable to  maintain  a  16  in.  depth  on  all  duct  sections.  Determine  the  sizes  of  duct 
sections  B,  C,  D,  E,  F  and  G  so  that  substantially  the  same  static  pressure  will  be 
obtained  at  each  of  the  outlets,  and  find  the  total  pressure  loss  of  the  system. 


WOO  CFMQp 

SEC-GJ15-FT 

1000  CFM© 

SEC-F  I  IQ-FT 
SECTION -A    J        SEC-B 
40-FT  25-FT 


1500  FPM  150O  FPM 


15-  FT 
tSOQ  CFM® 

FIG.  12,  DUCT  LAYOUT  FOB  EXAMPLE  5 

Solution. 

1.  Size  Section  F  by  the  equal  friction  method  so  that  it  has  the  same  rate  of 
friction  loss  as  Section  A,  Section  A  is  equivalent  to  a  29.2  in.  round  duct  (Table  2) 
and  the  pressure  loss  from  Fig.  2  is  0.13  in.  per  100  ft.  For  2000  cfm  flowing  at  this 
rate  of  pressure  loss,  the  indicated  round  duct  diameter  for  Section  F  is  approxi- 
mately 17  in.  (Fig.  2).  This  is  equivalent  to  a  15  x  16  in.  duct,  which  will  be  used 
for  Section  F.  The  velocity  in  Section  F  will  be  1200  fpm. 

2  .  Determine  the  pressure  loss  in  Section  F  .  Actual  length  of  duct  is  10  ft  ;  equiva- 
lent length  of  elbow  take-off  is  assumed  (Fig.  5)  as  10  W,  or  12.5  ft.  Therefore,  total 

22  5 

equivalent  length  is  22.5  ft.    The  pressure  loss  in  F  ==  0.13  in.  X  -^r  =  0.03  in.  water. 

3.  Using  Static  Regain  Chart,  Fig.  11,  size  Section  B  for  a  net  pressure  loss  equal 
to  the  loss  in  F,  or  0.03  in.  water  as  follows: 

The  operation  is  indicated  by  arrow  heads  on  the  dotted  line  on  Fig.  11.  On  Fig. 
11,  start  at  the  velocity  in  Section  A  (1500  fpra)  at  left  margin.  Proceed  horizontally 
to  6000  cfm  ordinate,  and  then  run  parallel  to  the  curved  lines  to  intersect  the  di- 
agonal Base  Line.  From  this  point,  rise  vertically  to  the  0.03  net  static  pressure  loss 
line,  and  from  this  intersection  proceed  horizontally  to  the  Air  Velocity  Base  Line. 
Proceed  parallel  to  curved  lines  to  intersect  ordinate  for  25  ft  equivalent  duct  length, 
and  then  move  horizontally  to  left  margin  and  read  the  velocity  (1500  fpm). 


Since  Section  B  carries  6000  cfm,  the  area  required  will  beT*7jh  ^  4  sq  ft,  and 
the  size  of  duct  will  be  36  x  16  in. 

4.  Using  Static  Regain  Charts  (Figs.  10  and  11)  determine  size  of  Sections  C,  D, 
E  and  G,  but  Instead  of  allowing  0.03  in.  net  loss,  which  was  used  for  Section  B, 
proceed  from  the  diagonal  Base  Line  vertically  to  the  no  gain  or  loss  diagonal.  The 
procedure  for  Section  E  is  shown  by  the  dotted  line  and  arrows  on  Fig.  10:  starting 
from  1040  fpm  velocity,  which  is  the  velocity  in  Section  D, 

Table  7  is  a  tabulation  of  the  duct  sizes  as  determined. 
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TABLE  7.    TABULATION  or  RESULTS  (EXAMPLE  5) 


SECTION 

AlE 

VOLUME 

EQUIVA- 
LENT 
LENGTH 

VELOCITY 

RECTANGULAR 
DUCT 

DlAM. 

FEICTION 
PER  100 

FT 

NETPBES- 
SUEE  LOSS 

cfm 

ft 

fpm 

In. 

in. 

In.  HsO 

in.  HsO 

A 

8000 

40 

1500 

48x16 

29.2 

0.13 

.05 

B 

6000 

25 

1500 

36  x  16 

— 

— 

.03 

C 

4500 

15 

1300 

31  x!6 

— 

— 

0 

D 

3000 

26® 

1040 

28x16 

— 

— 

0 

E 

1500 

15 

860 

16  x  16 

— 

— 

0 

F 

2000 

22.5 

1200 

15  x  16 

17. 

0.13 

.03 

G 

1000 

15 

900 

10  x  16 

— 

— 

0 

a  Includes  equivalent  length  of  elbow  between  outlets  2  and  3,  -which  is  assumed  (see  Fig.  5)  as  5.5  W» 
or  11  ft  equivalent  length  of  duct.  (Based  on  3000  cfm  at  estimated  velocity  of  1100  fpm). 

5.  Total  pressure  loss  of  the  system  Is  the  loss  in  Section  A,  plus  the  loss  In  Sec- 
tion F  (or  B),  plus  the  loss  in  the  outlet. 

40 
Loss  in  Section  A  =  0.13  In.  X  ™  —  0.05 

Loss  in  Section  F  (or  B)  =0.03 

Outlet  Loss  =0.12 

Total  Pressure  Loss  =  0.20  in. 

DUCT  CONSTRUCTION  DETAILS 

Straight  sections  of  round  duct  are  usually  formed  by  rolling  the  sheets 
to  the  proper  radius  and  grooving  the  longitudinal  seam.  Rectangular 
ducts  are  generally  constructed  by  breaking  the  corners  and  grooving  the 
longitudinal  seam,  although  some  fabricators  still  use  the  standing  seam 
due  to  lack  of  equipment.  Elbows  and  transformation  sections  are  gener- 
ally formed  with  Pittsburgh  corner  seams  because  this  seam  is  easier  to 
lock  in  place  than  the  double  seam,  but  complicated  fittings  such  as  double 
compounded  elbows  are  usually  constructed  with  double  seam  corners* 
The  construction  of  these  various  seams,  as  well  as  the  types  of  girth  con- 
nections, are  shown  in  Fig.  13.  The  application  of  the  various  slips  and 
connections  is  outlined  in  Table  8.  The  end  slip  may  be  used  wherever 
S  slips  are  recommended.  Where  drive  slips  are  used,  the  end  slip  may  be 
applied  on  the  narrow  side  of  the  duct,  and  the  drive  slips  on  only  the 
maximum  side.  Ducts  25  to  30  in.  in  size  should  be  reinforced  between 
the  joints,  but  not  necessarily  at  the  joint.  Ducts  31  in,  and  up  should  be 
reinforced  at  the  joint  and  between  the  joints;  if  drive  slips  are  used  the 
angles  are  usually  riveted  to  the  duct  about  2  in,  from  the  slips.  It  is  good 
practice  to  cross-break  or  kink  all  flat  surfaces  to  prevent  vibration  or 
buckling  due  to  the  air  flow  and  accompanying  variations  in  internal 
pressure. 

The  construction  of  elbows  and  changes  'of  shape  cannot  be  definitely 
outlined  because  of  the  varied  conditions  encountered  in  the  field,  but  in 
general,  long  radius  elbows  and  gradual  changes  in  shape  tend  to  maintain 
uniform  velocities  accompanied  by  decreased  turbulence,  lower  resistance 
and  a  minimum  of  noise. 

'  Heavy  canvas  connections  (asbestos  cloth  if  there  is  a  fire  hazard)  are 
recommended  on  both  the  inlet  and  outlet  to  all  fans.  Self-vulcanizing 
adhesive  tapes  are  available  for  -this  purpose  and  for  sealing  joints  in  duct 
work.  The  fan  discharge  connections  shown  in  Fig.  13  are  marked  good, 
fair,  and  poor  in  the  order  of  the  amount  of  turbulence  produced.  An 
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inspection  of  the  heater  connections  shown  in  Fig.  13  will  readily  show  that 
uniform  velocity  through  the  heater  cannot  be  expected  in  the  diagram 
noted  poor.  When  obstructions  cannot  be  avoided,  the  duct  area  should 
never  be  decreased  more  than  10  per  cent,  and  then  a  streamlined  collar 

should  be  used.    Larger  obstructions  require  an  increase  in  the  duct  size 


DouWe          Pittsburgh  Bar 

seam  seam  slip 


Reinforced 
bar  slip 


Pocket 


Angle 
connection 


Good 


Fair 
Fan  discharge  connections 


Poor 


**30° 


Good  Fair 

Heater,  filter,  and  washer  connections 


Poor 


Clinch  collar 
type 


Sma»  Urge  Divertertype 

Easement  around '  (preferred) 

obstructions-  Branch  takeoffs 

FIG.  13.  SHEET  METAL  DUCT  AOT  ARRANGEMENT  DETAILS 


in  order  to  maintain  as  nearly  uniform  velocity  as  possible.  Branch  take- 
offs  should  always  be  arranged  to  cut  or  slice  into  the  air  stream  in  order 
to  reduce  as  far  as  possible  the  losses  in  velocity  head. 

Wherever  ducts  pass  through  fire  walls  or  connect  two  fire  areas  of  a 
building,  automatic  fire  dampers  should  be  provided.  For  design  of  such 
dampers  and  other  fire  protective  details,  see  Pamphlet  No.  90  of  the 
National  Board  of  Fire  Underwriters. 

The  recommended  gages  for  steel  (or  iron)  and  aluminum  sheet  metal 
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rectangular  ducts  are  given  In  Table  8.  Steel  or  iron  sheets  are  specified 
according  to  the  Manufacturers  or  U.  S.  Standard  Gage  System.  Alu- 
minum sheets  are  specified  according  to  the  American  or  Brown  &  Sharpe 
Gage  System.  Weights  of  black  and  galvanized  steel  and  iron  sheets  per 
square  foot  of  surface  for  various  gages  are  given  in  Table  9.  Similar  data 
for  2S  aluminum  sheets  will  be  found  in  Table  10.  Weights  of  standard 
copper  sheets  are  given  in  Table  11.  In  calculating  the  total  weight  of 
a  given  length  of  duct  work  from  these  tables,  it  is  customary  to  add  20 
per  cent  for  the  weight  of  joints  and  bracings. 


TABLE  8. 


RECOMMENDED  SHEET  METAL  GAGES  FOE  EECTANGULAB  DUCT 

CoNSTBtrCTIQN* 


ALT;- 

MINUM 

B.&S. 
GAGE 

STEEL 
U.S. 
STB. 
GAGE 

MAXIMUM 
SIDE, 
INTCHES 

TYPE  OF 
TRANSVERSE  JOINT  CONNECTIONS'* 

BBACENa 

24 

26 

Up  to  12 

S,  Drive,  Pocket  or  Bar  Slips,  on 
7  ft  10  in.  centers 

None 

22 

24 

13  to  24 

S,  Drive,  Pocket  or  Bar  Slips,  on 
7  ft  10  In.  centers 

None 

25  to  30 

S,  Drive,  1  in.  Pocket  or  1  in.  Bar 
Slips,  on  7  ft  10  in.  centers0 

1  x  1  x  |  in.  angles 
4  ft  from  joint 

20 

22 

31  to  40 

Drive,  1  in.  Pocket  or  1  in.  Bar 
Slips,  on  7  ft  10  in.  centers0 

1  x  1  x  f  in.  angles 
4  ft  from  joint 

41  to  60 

1|  in.  Angle  Connections,  or  If  in. 
Pocket  or  1J  in.  Bar  Slips  with 
If  in.  x  |  in,  bar  reinforcing  on 
7  ft  10  in.  centers0 

If  x  If  x  |  in.  angles 
4  ft  from  joint 

18 

20 

61  to  90 

H  in.  Angle  Connections,  or  1J 
in.  Pocket  or  Ij-  in.  Bar  Slips 
3  ft  9  in.  maximum  centers  with 
If  x  J  in.  bar  reinforcing 

1J  x  1§  x  t  in.  diagonal 
angles,  or  li*  x  1J  x  J 
in.  angles 
2  ft  from  j  oint 

16 

18 

91  and  up 

2  in.  Angle  Connections  or  1J  in. 
Pocket  or  1J  in.  Bar  Slips  3  ft 
9  in  .  maximum  centers  with  If  x 
|  in.  bar  reinforcing4 

1|  x  1J  x  |  in.  diagonal 
angles,  or  1J  x  If  x  | 
in.  angles 
2  ft  from  joint 

a  For  normal  pressures  and  velocities  (see  Table  4)  utilized  in  typical  ventilating  and  air  conditioning  sys- 
tems. Where  special  rigidity  or  stiffness  is  required,  ducts  should  be  constructed  of  metal  two  gages,  heavier. 
All  uninsulated  ducts  18  in.  and  larger  should  be  cross-broken.  Cross-breaking  may  be  omitted  on  uninsulated 
ducts  if  two  gages  of  heavier  metal  are  used. 

b  Other  joint  connections  of  equivalent  mechanical  strength  and  air  tightness  may  be  used. 

0  Duct  sections  of  3  ft  9  in.  may  be  used  with  bracing  angles  omitted,  instead  of  7  ft  10  in.  lengths  with 
joints  indicated. 

d  Ducts  91  in.  and  larger  require  special  field  study  for  hanging  and  supporting  methods. 

Aluminum  sheets  of  the  2S  and  3S  type  alloy  and  f  hard  temper  are 
readily  workable,  and  can  be  used  for  practically  all  duct  work.  The  2S 
type  (commercially  pure  aluminum)  is  suitable  for  all,  except  very  large 
ducts.  For  large  ducts,  where  more  strength  is  desired,  the  3S  alloy  with 
f  or  |  hard  temper  is  frequently  used.  The  higher  tempers,  particularly 
full  hard,  do  not  have  the  formability  of  the  lower  tempers.  For  very 
large  ducts,  where  considerable  strength  is  required,  aluminum  sheets 
should  be  2  gages  heavier  than  indicated  in  Table  8,  and  should  be  amply 
stiffened.  Joints  can  be  of  any  of  the  standard  designs,  and  can  be  fabri- 
cated in  the  same  manner  as  iron.  Repeated  sharp  bending  and  rebending 
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TABLE  9.    WEIGHTS  OP  BLACK  AND  GALVANIZED  SHEETS 


BLACK  SHEETS 

GALVANIZED  SHEETS* 

U.S. 

STD. 
GAGE 

Approximate 
Thickness,  la. 

Weight  Per 

Square  Foot 

Approximate 
Thickness,  In. 

Weight  Per 
Square  Foot 

Steel 

Iron 

Ounces  j    Pounds 

Steel 

Iron 

Ounces 

Pounds 

30 

0.0123 

0.0125 

8 

0.500 

0.0163 

0.0165 

10.5 

0-.656 

28 

0.0153 

0.015S 

10 

0.625 

0.0193 

0.0196 

12.5, 

0.781 

26 

0.0184 

0.01SS 

12 

0.750 

0.0224 

0.0ii28 

14.5 

0.906 

24 

0.0245 

0.0250 

18 

1.000 

0.02S5 

0.0290 

18.5 

1.156 

22 

0:0306 

0.0313 

20 

1.250 

0.0346 

0.0353 

22.5 

1.405 

20 

0.0368 

0.0375 

24 

1.500 

0.0408 

O.G4I5 

26.5 

1.656 

18 

0.0490 

0.0500 

32 

2.000 

0.0530 

0.0540 

34.5 

2.156 

16 

0.0613 

O.OG25 

40 

2.500 

0.0653 

0.0665 

42.5 

2.656 

14 

0.0766 

0.0781 

50 

3.125 

O.OS05 

0.0821 

52.5 

3.281 

12 

0.1072 

0.1094 

70 

4.375 

0.1112 

0.1134 

72.5 

4.531 

11 

0,1225 

0.1250 

SO 

5.000 

0.1265 

0.1290 

82.5 

5.156 

10 

0.1379 

0.1406 

90 

5.625 

0.1419 

0.1446 

92.5 

5.781 

^Galvanized  sheets  are  gaged  before  galvanizing  and  are  therefore  approximately  0.004  in.  thicker. 

should  be  avoided,  as  aluminum  has  a  tendency  to  crack  under  such  treat- 
ment. Aluminum  of  16  B.  &  S.  gage  or  heavier  can  readily  be  welded  by 
the  metallic  arc  or  acetylene  process.  Soldering  is  difficult  and  is  not  gen- 
erally recommended.  Riveting  is  done  in  the  same  manner  as  in  Iron  or 
steel  sheet.  Self-tapping  screws  tend  to  loosen  because  of  the  softness  of 
aluminum. 

HEAT  LOSSES  FROM  DUCTS 

In  designing  duct  systems,  the  heat  gains  or  losses  of  ducts  should  not 
be  neglected.  Heat  gains  in  large  duct  systems  can  be  quite  considerable, 
not  only  if  the  duct  passes  through  unconditioned  space,  but  also  on  long 
duct  runs  within  conditioned  space.  Proper  insulation  will  remedy  this 
situation  considerably,  but  sometimes  a  redistribution  of  the  supply  air  to 
the  various  supply  outlets  is  necessary  in  order  to  compensate  for  the 
heating  effect  of  the  duct  surface. 

The  thermal  transmittance  U  for  ducts  can  be  found  as  follows: 


For  uninsulated  metal  duct,  U 


1 


/l/o 

For  uninsulated  non-metallic  ducts,  U  = 


(20) 
(21) 


TABLE  10.    WEIGHTS  AND  THICKNESSES  OF  2S  ALUMINUM  (DENSITY  0.098  LB/CU  IN.) 


B.  &  8.  GAGS 

THICKNESS,  INCHES 

WEIGHT  PEE  SQUARE  FOOT 

Decimal 

Nearest  Fraction 

Ounces 

Pounds 

28 
26 
24 
22 
20 
18 
16 
14 

0.012 
0.016 
0.020 
0.025 
0.032 
0.040 
0.051 
0.064 

1/64 
1/64 
1/64 
1/32 
1/32 
3/64 
3/64 
1/16 

2.7 
3.6 
4.5 
5.4 
7.2 
9.0 
11.5 
14.4 

0.169 
0.226 
0.282 
0.353 
0.452 
0.563 
0.720 
0.903 

Air  Duct  Design 


669 


where 

U  =  overall  coefficient  of  heat  transfer,  Btu  per  (hour)  (square  foot)   (dogre® 
Fahrenheit). 

/i  =  surface    conductance    (inside)    Btu    per    (hour)    (square    foot)    (degre© 
Fahrenheit) . 

/o  =  surface    conductance    (outside)    Btu    per    (hour)    (square    foot)    (degree 

Fahrenheit). 
x  =  thickness,  inches. 

k  =  unit  conductivity  of  material,  Btu  per  (hour)   (square  foot)   (degree  Fah- 
renheit per  inch  "thickness). 

2» 

Where  x  is  small  and  k  is  large,  however,  the  factor  r  is  of  little  impor- 
tance and  may  be  neglected. 

Film  conductance  /i  for  air  flowing  in  duets  apparently  depends  only  on 
the  velocity  of  the  air  and  the  diameter  of  the  duct.    A  fairly  reliable 

TABLE  1L    WEIGHTS  AND  THICKNESSES  OF  STAND AKD  COPPER  SHEETS* 

Rolled  to  Weight 


WEIGHT  PER  SQUARE  FOOT 

THICKNESS,  INCHES 

NEAREST  GAGE  No. 

Ounces 

Pounds 

Decimal 

Equivalent 

Nearest 
Fraction 

B.  &S. 

Stubs 

U.  S.  STD. 

10 

0.625 

0.0135 

WJ 

27 

29 

29 

12 

0.750 

0.0162 

Wi 

26 

27 

28 

14 

0.875 

0.0189 

K4 

25 

26 

26 

16 

1.000 

0.0216 

23 

24 

25 

18 

1.125 

0,0243 

\& 

22 

23 

24 

20 

1,250 

0.0270 

v& 

21 

22 

23 

24 

1.5QO 

0.0324 

1£ 

20 

21 

22 

28 

1.750 

0.0378 

14 

19 

20 

20 

32 

2.000 

0.0432 

*2 

17 

19 

19 

36 

2.250 

0.0486 

% 

16 

18 

18 

40 

2.500 

0.0540 

$ 

15 

.17 

17 

44 

2.750 

0.0594 

vS 

15 

17 

17 

48 

3.000 

0.0648 

vi 

14 

16 

16 

56 

3.500 

0.0756 

54 

13 

15 

14 

64 

4.000 

0.0864 

36 

11 

14 

13 

a  Variations  from  these  weights  must  be  Expected  in  practice. 

inside  coefficient  can  be  calculated  from  Schultz's  modified  equation: 


where 
v  = 
D  - 


(22) 


velocity  of  air  in  duct,  feet  per  second, 
inside  diameter  of  duct,  feet. 


Film  conductance  /0  depends  on  a  number  of  variables  including  tem- 
perature, diameter,  and  emissivity  of  the  outer  surface,  and  can  be  calcu- 
lated from  data  in  Chapter  5.  From  this  explanation,  it  is  seen  that  it  is 
unwise  to  recommend  a  given  value  of  U  for  all  uninsulated  metal  ducts. 


The  heat  loss  from  a  given  length  of  duct  can  be  expressed  by: 

{(4*)-] 


(23) 
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where 

Qv  *•  heat  loss  through  duct  wall®,  Btu  per  hour. 

P  «  perimeter  of  duct,  feet. 

L  »=  length  of  duct,  feet. 

ti  «  temperature  of  air  entering  duct,  Fahrenheit  degrees. 

tz  =  temperature  of  air  leaving  duct,  Fahrenheit  degrees. 

h  =  temperature  of  air  surrounding  duct,  Fahrenheit  degrees. 

The  heat  given  up  by  the  air  in  the  duct  is  : 

fc)  «  14.447m  Prfe  -  fe>  (24) 


IF  «s  weight  of  air  through  duct,  pounds  per  hour. 
A  «  cross-sectional  area  of  duct,  square  feet. 
Fm  «  velocity  of  fluid,  feet  per  minute. 

PV  «=  density  of  air  at  specified  temperature  at   which  velocity  Vm,  is  measured 
pounds  per  cubic  foot. 

Equating  (23)  and  (24): 


*i  -  *i  C/PL 

T  ^          28.84  Fmpv,          ,        t  j    x         j.mT* 

Let  t/  «=  —  rTT>T        for  rectangular  ducts,  and  -  TTT        for  round 
(Jru  ULt 

ducts,  and  solve  for  k  and  fe  * 


For  low  velocities  and  long  ducts  of  small  cross-section,  a  somewhat 
more  accurate  formula  may  be  used  as  follows : 

fa  «  — —  +  b  (27) 

gS 

where 

UPL 


e  oat  Naperian  base  of  logarithms  =*  2.718. 

In  using  Equations  25,  26,  and  27,  one  of  the  duct  air  temperatures  will 
be  unknown  and  will  be  obtained  by  substitution  of  the  other  known  or 
assumed  values. 

Heat  loss  coefficients  for  insulated  ducts  with  various  conductivities 
are  given  in  Fig.  14.  The  conductivities  of  various  materials,  which  are 
based  on  mean  temperatures,  ranging  from  about  70  to  90  F,  will  be  found 
in  Table  2  of  Chapter  9.  For  cases  where  the  mean  temperature  is  other 
than  that  at  which  the  test  was  conducted,  a  correction  should  be  made. 
However,  in  most  cases  the  effect  of  this  factor  will  be  small  and  may  be 
neglected. 

Example  6.  Determine  the  entering  air  temperature  and  heat  loss  for  a  duct  24  X 
36  in.  cross-section  and  70  ft  in  length,  insulated  with  }  in.  of  a  material  having  a 
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conductivity  of  0.35  Btu  at  86fF  mean  temperature,  carrying  air  at  a  velocity  of  1200 
fpm,  measured  at  70  F,  to  deliver  air  at  120  F  with  air  surrounding  the  duct  at  40  F. 
Solution.  Preferring  to  Fig.  14,  the  overall  heat  transmission  coefficient  is  found 
to  be  0.49  Btu.  From  Table  1,  Chapter  3  the  density  of  air  at  70  F  and  29.921  In.  Hg 
is  found  to  be  1/13.348  «  0.0749  Ib  per  cu  f  fc.  Substituting  these  and  the  other  given 
values  in  Equation  25: 


0.6 


;  0.5 


,0.4 


0.20 


0-50 


0.25  0.30  0.35          0.40         0.45 

CONDUCTIVITY  OF  INSUtATlON  (k)  (BTU  PER  HOUR  PER  SQ  FT 
PER  DEG  FAHR  PER  INCH  THICKNESS) 

FIG.  14.  HEAT  Loss  COEFFICIENTS  FOB  INSULATED  DUCTS* 

a  For  round  ducts  less  than  30  in.  diameter,  increase  heat  transmission  values  by  the  percentages  shown. 


THICKNESS  OF  INSULATION  (Inches) 

1 

1 

u 

2 

21  to  30  in.  Duct  Diameter  

1% 

2% 

3% 

47 

3% 

5% 

7% 

9% 

28,8  X  6  X  1200  X  0.0749 
0.4d  X  10  X  70 

120(45.3  +  1)  -  80 


45.3 


45.3  - 


123.7 
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Substituting  In  Equation  23; 

Qv  »  0,49  X  10  X  70    I  ^Ltl??  J  -  40    *  28,100  Btu  per  hr. 

For  special  considerations  which  apply  to  insulation  of  ducts  in  marine 
installations  see  Chapter  47. 

MAMTEKAHCE 

Ducts  should  be  designed  in  such  a  manner  as  to  enable  easy  mainte- 
nance*20 They  should  have  enough  access  doors,  not  only  -to  enable  in- 
spection, but  also  to  facilitate  cleaning  of  the  ducts.21  The  periodic  clean- 
ing of  the  ducts  should  be  part  of  the  regular  maintenance  schedule.  It 
should  be  done  efficiently  and  competently  to  avoid  difficulties  or  hazards 
in  the  operation  of  the  system*22'23 

SYMBOLS  IN  CHAPTER  31 

a  =  coefficient  of  contraction. 
€  =  absolute  roughness,  feet. 

p0  ~  density  of  air  under  actual  (operating)  conditions,  any  consistent  units. 
ps  =  density  of  air  under  standard  conditions,  any  consistent  units. 
pr  =  density  at  which  Vm  is  measured,  pounds  per  cubic  foot. 
A  =  cross-section  area  of  duct,  square  feet. 
Ai  »  area  of  inlet  duct,  square  feet. 
A*  =  area  of  outlet  duct,  square  feet . 

a  =  length  of  one  side  of  rectangular  duct,  inches.    (Other  side  is  &.) 
6  «  length  of  one  side  of  rectangular  duct,  inches. .  (Other  side  is  a.) 
0  and  Ci  —  shock  loss  coefficients  for  standard  air. 
c  and  ci  =  shock  loss  coefficients. 

D  «  inside  diameter  of  duct,  feet. 

d*  =  circular  equivalent  of  a  rectangular  duct  for  equal  friction  and  capacity, 

inches. 

Naperian  base  of  logarithms  *  2.718. 

non-dimensional  friction  coefficient. 

surface  conductance  (inside)  Btu  per  (hour)  (square  foot)  (Fahrenheit 

degree). 

surface  conductance  (outside)  Btu  per  (hour)  (square  foot)  (Fahrenheit 

degree). 

acceleration  due  to  gravity,  32.17,  feet  per  (second)  (second). 

pressure  loss  due  to  sudden  contraction,  based  on  standard  air,  inches 

of  water. 

pressure  loss  due  to  sudden  enlargement,  based  on  standard  air,  inches 

of  water. 

pressure  loss  due  to  gradual  enlargement,  based  on  standard  air,  inches 

of  water. 

total  shock  pressure  loss  for  standard  air,  inches  of  water. 

static  pressure  head  at  given  points  (1)  and  (2). 
Hr  =  regain  in  static  pressure,  inches  of  water. 

A0  =ss  friction  loss  under  actual  (operating)  conditions,  any  consistent  units. 
Ao  »  pressure  loss  due  to  sudden  contraction,  feet  of  fluid  flowing. 
h*  =  pressure  loss  due  to  sudden  enlargement,  feet  of  fluid  flowing. 
hf  ~  friction  loss,  feet  of  fluid  flowing. 
hf  —  regain  in  static  pressure,  feet  of  fluid  flowing. 
h&  =*  friction  loss  under  standard  conditions,  any  consistent  units. 
hr  ~  total  shock  pressure  loss,  feet  of  fluid  flowing. 

k  =  conductivity,  Btu  per  (hour)  (sq  ft)  (Fahrenheit  degree  per  inch). 
L  ~  length  of  duct,  feet. 
P  =  perimeter  of  duct,  feet. 
Qa  «  air  quantity,  cubic  feet  per  minute. 
Qw  »  heat  loss  through  duct  walls,  Btu  per  hour, 
h  ~  temperature  of  air  entering  duct,  Fahrenheit  degrees. 
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f*  «  temperature  of  air  leaving  duct,  Fahrenheit  degrees. 

t$  »  temperature  of  air  surrounding  duct,  Fahrenheit  degrees. 

U  =*  thermal  transmlttance  coefficient,  Btu per  (hour)  (square foot),  (Fahren- 
heit degree). 

V  *=  fluid  or  air  velocity,  feet  per  minute. 
Vm  =»  velocity  of  air  or  fluid,  feet  per  minute, 
Vi  =  velocity  in  inlet  duct,  feet  per  minute. 
Fs  —  velocity  in  outlet  duct,  feet  per  minute. 
v  =  fluid  or  air  velocity,  feet  per  second. 

vi  =  mean  velocity  in  inlet  duct  section,  feet  per  second. 

»a  =  mean  velocity  in  outlet  duct  section,  feet  per  second. 

W  =  weight  of  air  through  duct,  pounds  per  hour. 

x  =  thickness,  inches. 
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CHAPTER  32 
FANS 

Types,  Fan  Performance,  Fan  Laws,  Fan  Performance  Curves,  System 

Characteristics,  Fan  Arrangements,  Fan  Control,  Motive  Power,  Fan 

Selection,  Fan  Installation,  Fan  Applications 

IN  HEATING,  ventilating  and  air  conditioning  practice,  the  devices  used 
to  produce  air  flow  are  variously  known  as  fans,  blowers,  exhausters 
or  propellers.  The  A.SM.E.  Test  Code1  limits  fans  to  those  in  which  the 
fluid  density  change  does  not  exceed  7  per  cent  (one  psi  at  atmospheric 
pressure)  and  labels  as  compressors  those  devices  operating  beyond  that 
pressure  range*  Since  air  conditioning  rarely  requires  pressures  of  over  -| 
psi,  all  such  devices  will  be  known  as  fans  and  the  air  will  be  considered 
non-compressible, 

Types 

Fans  are  divided  into  two  general  classifications:  (1)  centrifugal  or  radial 
flow  in  which  the  air  flows  radially  through  the  impeller  within  a  scroll 
type  housing,  and  (2)  axial  flow  in  which  the  air  flows  axially  through  the 
Impeller  within  a  cylinder  or  ring, 

Centrifugal  fans  are  further  subdivided  into  types  denoted  by  the  curva- 
ture or  slope  of  the  impeller  blades,  the  angle  of  which  largely  determines 
the  operating  characteristics.  For  a  given  output,  a  forward  inclination 
of  blade  indicates  a  relatively  low  speed  of  operation,  and  a  backward  in- 
clination, a  relatively  high  speed  of  operation.  Many  intermediate  forms 
are  also  found. 

Axial  flow  fans  are  subdivided  into  types  differentiated  mainly  by  their 
enclosures  and  refinements  of  impellers  and  appurtenances.  All  types 
vary  in  shape,  number  and  angles  of  blades;  ratios  of  hub  diameter  to  im- 
peller diameter;  materials  and  methods  of  fabrication,  depending  upon  de- 
sign and  preference  of  manufacturer.  Tubeaxial  and  vaneaxial  fans,  usu- 
ally used  against  appreciable  resistance,  commonly  have  relatively  large 
hubs  and  helical  blades  (the  angle  varies  radially  along  the  bade).  The 
blades  may  be  of  uniform  thickness,  either  flat  or  cambered,  and  either 
cast  or  made  of  plates;  or  they  may  be  of  air  foil  sections,  either  cast  or  of 
double  thickness  sheet.  Streamlining  of  both  impeller  and  enclosure  is 
common  practice.  Vaneaxial  fans  incorporate  guide  vanes  to  modify  per- 
formance and  increase  efficiency.  Propeller  f ans  customarily  used  for 
free  delivery,  or  against  low  resistance,  also  are  found  with  a  variety  of 
blade  conformations,  but  are  simple  in  construction.  They  are  merely 
mounted  within  a  plate  or  ring. 

The  fan  nomenclature  in  Fig.  1  has  been  standardized  by  the  National 
Association  of  Fan  Manufacturers.* 

FAN  PERFORMANCE 

Fan  performance  is  a  statement  of  volume,  total  pressures,  static  pres- 
sures, speed,  power  input,  mechanical  and  static  efficiency,  at  a  stated 
density.  These  terms  are  defined  by  the  National  Association  of  Fan 
Manufacturers2  as  follows: 

1.  Volume  handled  by  a  fan  is  the  number  of  cubic  feet  of  air  per  minute  expressed 
at  fan  outlet  conditions. 
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2.  Total  pressure  of  a  fan  is  the  rise  of  pressure  from  fan  inlet  to  fan  outlet. 

3.  Velocity  pressure  of  a  fan  Is  the  pressure  corresponding  to  the  average  velocity 

determination  from  the  volume  of  air  flow  at  the  fan  outlet  area. 

4.  Static  pressure  of  a  fan  is  the  total  pre?sure  diminished  by  the  fan  velocity 
pressure. 

5.  Power  output  of  a  fan  is  expressed  in  horsepower  and  is  based  on  fan  volume  and 
the  fan  total  pressure. 

6.  Power  input  to  a  fan  is  expressed  in  horsepower  and  is  measured  horsepower 
delivered  to  the  fan  shaft. 

7.  Mechanical  efficiency  of  a  fan  is  the  ratio  of  power  output  to  power  input. 

8.  Static  efficiency  of  a  fan  is  the  mechanical  efficiency  multiplied  by  the  ratio  of 
static  pressure  to  the  total  pressure. 

9.  Fan  outlet  area  is  the  inside  area  of  the  fan  outlet. 
10.  Fan  inlet  area  is  the  inside  area  of  the  inlet  collar. 

While  the  total  pressure  truly  represents  the  actual  pressure  developed 
by  the  fan,  the  static  pressure  may  best  represent  the  useful  pressure  for 
overcoming  resistance.  In  many  installations,  since  the  outlet  velocity 
of  the  fan  is  greater  than  the  duct  velocity,  some  of  the  velocity  pressure 
may  be  utilized  by  conversion  to  static  pressure  within  the  system.  How- 
ever, due  to  the  uncertainty  of  the  flow  at  the  points  of  velocity  change,  the 
amount  of  conversion  is  seldom  known  and  therefore,  most  fan  tables  list 
only  the  static  pressure  as  available  to  overcome  the  system  resistance. 


1.  NAMES  AND  DEFINITIONS  OF  TYPES  OF  FANS 


Propeller  Fan 

A  propeller  fail  consists  of  a  propeller  or  disc-type  wheel 
within  a  mounting  ring  or  plate  and  including  driving  mech- 
anism supports  either  for  belt  drive  or  direct  connection. 


Tubeasial  Fan 

A  tubeaxial  fan  consists  of  a  propeller  or  disc-type  wheel 
within  a  cylinder  and  including  driving  mechanism  supports 
either  for  belt  drive  or  direct  connection. 


Vaneazial  Fan 

A  vaneaxial  fan  consists  of  a  disc-type  wheel  within  a  cyl- 
inder, a  set  of  air  guide  vanes  located  either  before  or  after 
the  wheel  and  including  driving  mechanism  supports  either 
for  belt  drive  or  direct  connection. 


Centrifugal  Fan 

A  centrifugal  fan  consists  of  a  fan  rotor  or  wheel  within  a 
scroll  type  of  housing  and  including  driving  mechanism  sup- 
ports either  for  belt  drive  or  direct  connection. 
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According  to  the  Standard  Test  Code3  the  efficiencies  may  be  determined 
by  the  formulas: 

Mechanical  (total)  Efficiency  = 

Q.QOQ1573  X  (cfm)  X  total  pressure  finches  water) 
horsepower  input 

.    __  .  0.0001573  X  (cfm)  X  static  pressure  (inches  water) 

Static  Efficiency  « ; • 

.horsepower  input 

As  the  static  pressure  is  often  more  useful  than  total  pressure,  static 
efficiency  Is  likewise  many  times  more  useful  than  mechanical  efficiency. 
However,  where  a  high  outlet  velocity  can  be  effectively  utilized,  the  static 
efficiency  fails  to  be  a  satisfactory  measurement  of  performance;  also  when 
a  fan  operates  against  no  resistance,  the  static  efficiency  becomes  zero  and 
is  meaningless.  Under  such  circumstances,  many  engineers  prefer  to  use 
mechanical  efficiency. 

Sound  developed  by  a  fan  is  a  characteristic  which  is  becoming  increas- 
ingly important.  Unfortunately,  no  method  has  yet  been  devised  for 
accurately  measuring  the  sound  actually  discharged  into  a  duct  system. 
The  A.S.BLV.E.  Research  Laboratory,  in  cooperation  with  the  IT.  S.  Navy, 
has  a  program  underway  seeking  to  find  a  method.  Many  manufacturers 
list  the  average  sound  (for  various  fan  operating  conditions)  measured  at 
seven  stations  near  the  fan.  These  stations,  as  specified  in  the  N.AJF  JVL 
Test  Code,4  are  located  in  a  horizontal  plane  passing  through  the  fan  shaft, 
and  are  at  a  distance  of  one  wheel  diameter  (but  not  less  than  5  ft)  from  the 
fan.  Such  values  are  useful  in  comparing  the  relative  sound  generated  by 
various  types  and  sizes  of  fans  under  comparable  operating  conditions. 

FAN  LAWS5 

The  performances  of  fans  of  all  types  follow  certain  laws  which  are  useful 
in  predicting  the  effect  upon  performance  of  changes  in  the  conditions  of 
operation,  the  duty  required  of  the  installation,  or  the  size  of  the  equipment 
due  to  the  space,  power,  or  speed  limitations.  In  the  following  laws,  groups 
1  to  6,  Q  =  air  volume  and  P  —  static,  velocity  or  total  pressure.  The 
laws  pertaining  to  fan  size  apply  only  to  fans  geometrically  similar,  f.e., 
those  in  which  all  dimensions  are  proportional  to  some  lineal  dimension 
denoted  as  size.  If  the  size  number  is  also  lineally  proportional,  it  may 
be  used;  otherwise,  wheel  diameter  is  commonly  used  as  a  size  criterion. 


1.  Variation  in  Fan  Speed: 

Constant  Air  Density — Constant  System 
(a)  Q:  Varies  as  fan  speed. 

(6)  P:  Varies  as  square  of  fan  speed, 

(c)  Power:        Varies  as  cube  of  fan  speed. 

2.  Variation  in  Fan  Size: 

Constant  Tip  Speed — Constant  Air  Density 
Constant  Fan  Proportions — Fixed  Point  of  Rating 
(a)  Q:  Varies  as  square  of  wheel  diameter. 

P:  Remains  constant. 

RPM:  Varies  inversely  as  wheel  diameter. 

Power :         Varies  as  square  of  wheel  diameter. 
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3.  Variation  in  Fan  Size: 

At  Constant  RPH—  Constant  Air  Density 
Constant  Fan  Proportions — Fixed  Point  of  Rating 
(a)  Q:  Varies  as  cube  of  wheel  diameter. 

(6)  P:  Varies  as  square  of  wheel  diameter. 

(c)  Tip  Speed :  Varies  as  wheel  diameter. 

(d)  Power:         Varies  as  fifth  power  of  diameter. 

4.  Variation  in  Air  Density: 
Constant  Volume — Constant  System 
Fixed  Fan  Size — Constant  Fan  Speed 
(a)  Qi  Constant. 

(6)  P:  Varies  as  density. 

(c)  Power:         Varies  as  density. 

5.  Variation  in  Air  Density: 
Constant  Pressure — Constant  System 
Fixed  Fan  Size — Variable  Fan  Speed 

(a)  Q:  Varies  inversely  as  square  root  of  density. 

(&)  P:  Constant. 

(c)  RPM:  Varies  inversely  as  square  root  of  density. 

(d)  Power:  Varies  inversely  as  square  root  of  density. 

6.  Variation  in  Air  Density: 

Constant  Weight  of  Air — Constant  System 
Fixed  Fan  Size — Variable  Fan  Speed 

a)  Q:  Varies  inversely  as  density. 

6)  P :  Varies  inversely  as  density. 

c)  RPM:          Varies  inversely  as  density. 
(d)  Power:          Varies  inversely  as  square  of  density. 

Examples  1  to  4  illustrate  tlie  application  of  the  preceding  fan  laws. 

Example  L  A  certain  fan  delivers  12,000  cfm  at  a  static  pressure  of  1  in.  of  water 
when  operating  at  a  speed  of  400  rpm  and  requires  an  input  of  4  hp.  If  in  the  same 
installation  15,000  cfm  are  desired,  what  will  be  the  speed,  static  pressure,  and  power? 

Speed  =  400x1^  =  500  rpm 

(500\s 
—  1  »*  1.56  in. 


Power  =  4  X  ^  1  =  7.81  hp 

Example  2.  A  certain  fan  delivers  12,000  cfm  at  70  F  and  normal  barometric  pres- 
sure (density  0.075  Ib  per  cubic  foot)  at  a  static  pressure  of  1  in.  of  water  when  operat- 
ing at  400  rpm,  and  requires  4  hp.  If  the  air  temperature  is  increased  to  200  F  (den- 
sity 0.0602  Ib)  and  the  speed  of  the  fan  remains  the  same,  what  will  be  the  static 
pressure  and  power? 

0.0602 

Static  pressure  «  1  X  A  _,  •  «  0.80  in. 
0.075 


Example  #.  If  the  speed  of  the  fan  of  Example  2  is  increased  so  as  to  produce  a 
static  pressure  of  1  in.  of  water  at  the  200  F  temperature,  what  will  be  the  speed, 
capacity,  and  power? 
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Speed  -  400  X  A/ -^^  »  446  rpm 
M/  0.0802 


Capacity  =  12,000  X  A  /  Q'075   =  13,892  cfm  (measured  at  200  F) 
/l/  ft.ftfifwi 


0.0602 
Power  -  4  X 


Example  4-  If  the^speed  of  the  fan  of  the  previous  examples  Is  Increased  so  as  to 
deliver  the  same  weight  of  air  at  200  F  as  at  70  F,  what  will  be  the  speed,  capacity* 
static  pressure,  and  power? 


0.075 
Speed  -  400  X  -  498  rpm 


Capacity  =  12,000  X  ririrz  -  14,945  cfm  (measured  at  200  F) 


0.075 
Static  pressure  =  1  X  •  -  -       *  1.25  in. 


Power  =  4X  =  6.20  hp 


The  fan  laws  stated  may  be  combined  to  give  other  overall  values.  One 
useful  combination  is  the  product  of  laws  1  and  3  which  gives  the  following 
relations: 

Capacity  varies  as  the  ratio  of  size  cubed,  times  the  ratio  of  the  rpm. 
Pressure  varies  as  the  ratio  of  size  squared,  times  the  ratio  of  the  rpm  squared. 
Horsepower  varies  as  the  ratio  of  the  size  to  fifth  power,  times  the  ratio  of  the  rpm 
cubed. 

Example  5.  Assuming  that  a  fan  with  a  36  in*  diameter  blast  wheel  will  deliver 
12,000  cfm  at  70  F  at  1  in.  static  pressure,  requiring  4.0  brake  hp  when  operating  at 
400  rpm,  what  is  the  capacity,  pressure  and  horsepower  of  a  homologous  fan  having 
a  45  in.  wheel  at  the  same  speed? 

/45\*      /400\ 
Capacity  -  {  —     X  I  —  )  X  12,000  =  23,400  cfm 


/45V      /400\s 
Static  Pressure  =  f—j  X  (  —  J  X  1  =  1,56  in. 

=  (0 


Horsepower  -  (  —  I  X  I  ^  )  X  4  -  12.2  hp 
/         \400/ 

FAN  PERFORMANCE  CURVES 

Fan  performance  curves  are  the  graphical  presentation  (for  constant 
speed  and  air  density)  of  the  relation  of  total  pressure,  static  pressure,  power 
input,  and  mechanical  and  static  efficiency,  to  actual  volume,  for  the 
desired  range  of  volumes.  Figs.  2,  3  and  4  illustrate  performance  (some- 
times called  characteristic)  curves  of  various  types  of  fans. 

Centrifugal  fans*  may  be  roughly  divided  into  three  classes:  (1)  those 
with  the  tip  of  the  blades  curved  forward  in  the  direction  of  rotation;  (2) 
those  with  straight  radial  blades;  and  (3)  those  with  the  tip  of  the  blades  in- 
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clined  backward  away  from  direction  of  rotation.  They  are  also  character- 
ized as  slow  speed,  moderate  speed  and  high  speed  types,  respectively,  al- 
though the  actual  speed  range  of  each  may  be  wide  and  overlapping.  The 
highest  speed  type  may  operate  as  high  as  200  per  cent  of  the  speed  of  the 
lowest  speed  type,  to  deliver  the  same  volume  of  air  and  the  same  pressure. 
The  differentiating  curvature  is  always  the  tip  of  the  blade,  since  the  inlet 
edge,  if  inclined,  is  always  curved  forward  to  minimise  the  shock  loss  at  en- 
trance. Straight  radial  blades  are  most  frequently  found  in  pressure  fans 
and  material  handling  fans. 

Centrifugal  fans  produce  pressure  from  two  independent  sources,  (1) 
from  the  centrifugal  force  created  by  rotating  the  enclosed  air  column  and 
(2)  from  the  kinetic  energy  imparted  to  the  air  by  virtue  of  its  velocity 
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FIG.   2*  PERCENTAGE  PERFORMANCE  CURVES  OF  A  FORWARD  CURVED  BLADE 

CENTRIFUGAL  FAN 


leaving  the  impeller.  This  velocity  hi  turn  is  a  combination  of  rotative 
velocity  of  the  impeller  and  air  speed  relative  to  the  impeller.  When  the 
blades  tip  forward,  these  two  velocities  are  cumulative,  and  when  back- 
ward, oppositional.  Thus  a  fan  with  forward-curved  blades  depends  less 
on  centrifugal  force  for  its  pressure,  and  more  on  velocity  pressure  conver- 
sion in  the  scroll,  with  the  result  that  it  may  run  at  relatively  low  speed. 
Conversely,  a  fan  having  backward-curved  blades  builds  up  more  of  its  pres- 
sure by  centrifugal  force  (a  more  efficient  form  of  energy  transfer)  and  less 
by  velocity  conversion  and,  therefore,  must  run  at  a  higher  speed.  Like- 
wise a  fan  having  forward-curved  blades  will  produce  the  greatest  ca- 
pacity of  any  type  of  the  same  size  when  operating  against  no  resistance. 

Since  the  energy  imparted  to  the  air  depends  on  the  velocities,7  and 
since  the  velocities  are  cumulative  with  a  fan  having  forward-curved  blades, 
the  theoretical  energy  per  pound  of  air  rises  rapidly  with  an  increase  of  air 
delivery.  With  the  velocities  oppositional  in  the  fan  having  backward- 
curved  blades,  the  energy  per  pound  of  air  may  decrease,  and  in  a  fan 
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having  straight  blades  It  is  roughly  constant.    Thus  the  shape  of  the 
horsepower  curve  definitely  identifies  the  blade  angle, 

Performance  curves  of  a  typical  forward-curved  blade  centrifugal  fan  are 
shown  in  Fig,  2.  The  pressure  rises  from  free  delivery  toward  no  delivery, 
with  a  characteristic  drop  at  low  capacities,  because  a  large  share  of  the 
pressure  is  being  generated  by  conversion  of  velocity,  which  is  small  at  low 
capacity.  The  maximum  efficiency  occurs  at  approximately  maximum 
pressure.  The  horsepower  curve  reflects  the  increase  in  energy  by  rising 
rapidly  from  no  delivery  to  free  delivery.  The  sound  Is  a  minimum  at 
maximum  efficiency,  and  rises  toward  free  delivery  as  the  velocities  in- 
crease. 

Performance  curves  of  a  typical  backward-curved  blade  centrifugal  fan 
are  shown  in  Fig.  3.  The  pressure  is  constantly  rising  from  free  delivery 
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FIG.   3.  PEHCENTAGE  PEKFOBMANCB  CURVES  OF  A  BACKWARD  CUKVBB  BLADE 

CENTRIFUGAL  FAN 


nearly  to  point  of  no  delivery.  The  horsepower  reflects  the  energy-velocity 
relationship  by  rising  to  -a  maximum  value  as  the  capacity  increases,  and 
then  decreasing  with  further  increase  in  capacity  to  give  a  self-lhniting 
horsepower  characteristic.  The  maximum  horsepower  coincides  approxi- 
mately with  the  maximum  efficiency.  The  sound  is  again  a  minimum  near 
maximum  efficiency,  but  is  little  or  no  higher  at  free  delivery  than  at  low 
capacities. 

Between  the  extremes  of  forward  and  full-backward-curved  blades,  there 
exists  a  number  of  intermediate  designs  which  show  varynig  degrees  of 
similarity  to  the  curves  in  Figs,  2  and  3.  A  common  variation  is  a  fan 
having  modified  backward,  single  or  double-curved  blades  and  equipped 
with  fixed  inlet  vanes.  Such  vanes  applied  to  a  partially  backward-curved 
impeller  jgive  the  steep,  constantly  rising  pressure  characteristic,  and  the 
self-limiting  horsepower  feature  of  the  fullrbackward-curve.  They  also 
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stabilize  the  flow  entering  the  Impeller  when  adverse  flow  conditions  exist 
in  the  approach  to  the  Met. 

Axial  flow  fans  develop  none  of  their  static  pressure  by  centrifugal  force, 
but  all  from  the  change  in  velocity  in  passing  through  the  impeller,  and  its 
conversion  into  static  pressure.  They  are  thus  inherently  high  velocity 
fans,  and  are  very  dependent  on  blade  conformation  for  good  characteristics. 
For  that  reason,  an  air  foil  section,  such  as  developed  in  wind  tunnels  for 
aircraft  work8  is  frequently  used.  Since  any  shape  of  blade  can  only  be 
correct  for  a  narrow  range  of  capacity  at  constant  speed,  the  performance 
curves  for  any  blade  show  definite  characteristics.  To  absorb  energy,  the 
air  must  be  given  a  tangential  motion  in  passing  the  impeller/  and  when 
operating  against  higher  pressures,  must  have  guide  vanes  (see  vaneaxial 
fans)  to  obtain  best  efficiencies. 


to 
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FIG.  4.  PERCENTAGE  PERFORMANCE  CURVES  OP  AN  AXIAL  FLOW  FAN 


While  axial  flow  fans  are  inherently  a  higher  capacity  type  than  centrif- 
ugal fans,  they,  too,  may  be  designed  with  widely  varying  characteristics. 
As  with  a  centrifugal  fan,  the  pressure  rises  generally  from  free  delivery 
to  no  delivery,  but  tubeaxial  and  vaneaxial  fans  may  have  a  drop  in  pressure 
when  the  capacity  decreases  below  a  certain  volume,  a  condition  also  found 
in  the  case  of  the  centrifugal  fan  having  forward-curved  blades.  The 
pressure  drop  is  caused  by  the  same  condition  for  both  fans,  i.  e.,  the  static 
pressure  is  largely  dependent  on  conversion  of  velocity  pressure,  and 
velocity  pressure  is  small  at  low  capacity.  Tubeaxial  and  vaneaxial  fans 
may  also  have  performance  curves  resembling  somewhat  those  of  a  centrif- 
ugal fan  with  backward-curved  blades.  Fig.  4  shows  the  performance 
curves  for  a  typical  design. 

The  horsepower  curve  may  be  flat  with  a  self -limiting  characteristic  as 
iii  a  backward-curved  blade  centrifugal  fan,  or  it  may  have  a  generally 
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downward  trend  from  no  delivery  to  free  delivery  with  the  maximum  at  no 
delivery,  contrary  to  that  of  a  centrifugal  fan.  The  type  of  guide  vanes  in 
a  vaneaxial  fan  has  a  distinct  bearing  on  the  shape  of  the  horsepower  curve. 
The  maximum  efficiency  tends  to  occur  at  a  percentage  of  free  delivery 
capacity  higher  than  for  a  centrifugal  fan. 

The  sound  curve,  which  may  have  a  minimum  value  comparable  to 
centrifugal  fans,  is  again  lowest  near  maximum  efficiency,  but  has  a  charac- 
teristic rise  when  the  fan  is  operating  at  low  capacities  and  the  stall  point 
of  the  blade  section  is  reached. 

Since  propeller  fans  are  designed  for  operation  near  free  delivery,  less 
attention  is  given  the  regaining  of  velocity  to  static  pressure,  and  the 
pressure  curve  rises  constantly  from  free  delivery  to  no  delivery.  The 
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horsepower  is  highest  at  no  delivery,  and  decreases  toward  ^free  delivery, 
in  contrast  to  a  centrifugal  fan.  Maximum  total  efficiency  is  obtained  at 
a  higher  percentage  of  free  delivery  than  for  other  types. 

SYSTEM  CHARACTERISTICS 

Any  ventilating  system  consisting  of  duct  work,  heaters,  air  washers, 
filters,  etc.,  has  a  system  characteristic  which  is  individual  to  that  system, 
and  is  independent  of  any  fan  which  may  be  applied  to  the  system.  TMs 
characteristic  may  be  expressed  in  curve  form  in  exactly  the  same  manner 
that  fan  characteristics  may  be  shown.  Typical  system  characteristic 
curves  are  shown  as  A,  B  and  C  in  Fig.  5.  These  curves  are  drawn  to 
follow  the  simple  parabolic  law  in  which  the  static  pressure  or  resistance 
to  flow  of  air  varies  as  the  square  of  the  volume  flowing  through  the  sys- 
tem. Heating  and  ventilating  systems  follow  this  law  very  closely  and 
no  serious  error  is  introduced  by  its  use. 

When  a  constant  speed  fan  curve  for  a  given  size  fan  is  super-imposed 
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6  7 

FIG.  6.    ABRANOEMENT  OF  FAN  DRIVES 

Arr.  1.     For  belt  drive.     Wheel  overhung.    Bearing  on  pedestal. 

Arr.  2.  For  belt  drive.  Pulley  and  wheel  overhung.  Bearings  in  bracket  on  fan  housing.  Made 
only  in  smaller  sizes  for  reversible  discharge. 

Arr.  3.     For  belt  drive.     Pulley  overhung.    Bearings  supported  on  fan  housing. 

Arr.  4.  For  direct  drive.  Wheel  overhung.  No  bearings  on  fan.  Wheel  mounted  on  motor  or  en- 
gine shaft .  Pedestal  for  motor  or  engine. 

Arr.  5.  For  direct  drive.  Wheel  overhung.  Includes  housing,  wheel,  shaft,  one  intermediate 
bearing,  flanged  coupling  and  pedestal  only  for  motor  or  engine. 

Arr.  6.  For  direct  drive.  Three-bearing  arrangement  with  fan  bearing  at  inlet  side.  Includes 
housing,  wheel,  shaft,  one  bearing  (in  inlet),  rigid  coupling,  and  pedestal  only  for  motor  or  engine. 

Arr.  7.  For  direct  drive.  Similar  to  Arr.  6,  but  with  two  bearings  on  fan,  and  flexible  instead  of 
rigid  coupling. 

Arr.  8.  For  direct  drive.  Similar  to  Air.  5,  but  with  two  bearings  on  pedestal  with  motor,  and 
flexible  instead  of  rigid  coupling. 

upon  a  system  characteristic  curve,  the  relation  between  the  two  is  at 
once  apparent.  The  only  point  common  to  the  two  curves  is  the  point  at 
the  intersection  of  the  system  characteristic  curve  and  the  fan  character- 
istic curve,  and  it  is  at  this  point  that  the  combination  will  operate.  In 
Fig.  5,  system  characteristic  curves  A,  B  and  C  cross  the  fan  character- 
istic curve  at  points  X,  Y  and  Z.  The  fan  whose  curve  is  shown,  when 
applied  to  systems  having  characteristic  curves  A,  B  and  C,-  will  deliver 
10,000,  13,000  or  16,400  cfm,  respectively.  ; 

The  curves  in  Fig.  5  also  illustrate  the  effect  of  errors  which  may  be 
made  in  calculating  the  resistance  ,of  a  ventilating  system.  For  instance, 
if  a  given  system  requires  13,000  cfm,  and  the  resistance  to  flow  of  the 
system  has  been  computed  as  1,25  in.  static  pressure,  such  a  system  would 
be  represented  by  system  characteristic  curve  B  in  Fig.  5.  If  a  100  per 
cent  error  had  been  made  and  the  resistance  were  2.5  in.  instead  of  1.25 
in.,  then  the  system  characteristic  would  be  as  shown  in  curve  A,  and 
would  cross  the  fan  curve  at  10,000  cfm.  Such  an  error  would  cause 
the  flow  of  air  to  be  decreased  from  a  design  volume  of  13,000  cfm  to  10,000 
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FIG.  7.  DESIGNATION  OF  DIRECTION  OF  ROTATION  AND  DISCHARGE 

Note:  Direction  of  Rotation  is  determined  from  the  drive  side  for  either  single  or  double  width  or  single 
or  double  inlet  fans.  (The  driving  side  of  a  single  inlet  fan  is  considered  to  be  the  side  opposite  the  inlet 
regardless  of  the  actual  location  of  the  drive.) 

cfm.  If  the  resistance  to  flow  had  been  over-estimated  and  the  resistance 
actually  were  0.625  in.,  the  system  characteristic  curve  would  be  as  shown 
in  curve  C,  and  the  fan  would  deliver  16,400  cfm  to  the  system  instead  of 
the  design  volume  of  13,000  cfm. 

In  this  example,  extreme  errors  have  been  selected  to  emphasize  the 
effect  the  square  function  of  the  system  characteristic  has  in  maintaining 
the  fan  performance  within  comparatively  narrow  limits.  In  the  first 
example,  a  system  estimated  at  half  what  it  should  have  been  resulted  in 
a  drop  of  23  per  cent  in  volume;  and  in  the  second  example,  a  system  es- 
timated at  twice  what  it  should  have  been  resulted  in  an  increase  of  26 
per  cent  in  volume. 

In  some  instances  fans  may  be  applied  to  variable  flow  systems.  In 
such  cases,  the  limiting  systems  may  be  plotted  and  the  effect  on  fan  per- 
formance examined.  For  instance,  a  system  might  have  a  characteristic 
curve  between  A,  shown  in  Fig.  5,  as  one  limit,  and  B  as  the  other  limit. 
The  fan  performance  will  then  fall  between  points  X  and  Y  on  the  fan 
curve  at  a  point  determined  by  the  system  characteristics  at  that  particular 
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time.    If  A  and  B  are  the  limiting  characteristic  curves  of  the  systems,  the 

fan  performance  will  never  be  outside  the  points  X  or  Y. 

PAW 

Centrifugal  fan  arrangements  have  been  standardized  by  the  National 
Association  of  Fan  Manufacturers.  Figs.  6,  7  and  8  ^  show  the  accepted 
designation  as  to  arrangement  of  drive,  rotation,  discharge  and  motor 
position,  for  belt  drive.  Axial  flow  fans  are  either  belt  driven  or  direct 
connected,  in  accordance  with  individual  manufacturer's  arrangements. 
Usually  a  choice  of  anti-friction  or  sleeve  bearings  is  available. 

FAN  CONTROL 

In  some  heating  and  ventilating  systems  it  is  desirable  to  vary  the 
volume  of  air  handled  by  the  fan,  and  this  may  be  accomplished  by  a 
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Location  of  motor  is  determined  by  facing  the  drive  side  of  fan  or  blower  and  designating  the  motor  po- 
sition by  letters  W,  X,  Y  or  Z  as  the  case  may  be. 

FIG.  8.  MOTOE  POSITION,  BELT  OB  CHAIN  DEIVB 


number  of  methods.  Where  the  change  is  made  infrequently,  the  pulley 
or  sheave  on  the  driving  motor,  or  fan,  may  be  changed  to  vary  the  speed 
of  the  fan  and  alter  the  air  volume.  Dampers  may  be  placed  in  the  duct 
system  to  vary  the  volume.  Variable  speed  pulleys  or  transmissions,  such 
as  fan  belt  change  boxes,  or  electric  or  hydraulic  couplings,  may  be  used 
to  vary  the  fan  speed.  Variable  speed  motors  and  variable  fan  inlet  vanes 
may  also  be  used  to  adjust  the  fan  volume.  All  of  these  methods  will  give 
control.  From  a  power  consumption  consideration,  a  reduction  of  fan 
speed  is  most  efficient.  Inlet  vanes  save  some  powers  and  dampers  save 
the  least.  From  consideration  of  first  cost,  dampers  usually  are  the  lowest 
in  cost.  In  some  installations,  adjustments  of  volume  are  desirable  at 
various  times  during  the  day,  or  continuously.  In  others,  an  increased 
supply  of  air  in  summer,  over  that  needed  in  winter,  is  demanded.  The 
demands  of  each  case  will  dictate  which  type  of  control  is  most  desirable. 
Where  noise  is  a  factor,  lowering  the  fan  speed  if  possible  is  preferred  as  a 
control  means,  because  of  the  resulting  reduction  in  sound  level. 
In  addition  to  the  above  types  of  control,  tubeaxial  and  vaneaxial  fans 
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are  sometimes  made  with  adjustable  blades  to  permit  balancing  the  fan. 
against  the  system,  or  making  seasonal  adjustment. 

MOTIVE 

Heating,  ventilating  and  air  conditioning  fans  are  usually  driven  by 
electric  motors,  although  other  prime  movers  may  be  used.  The  small 
sizes  of  fans,  and  especially  those  operating  in  the  higher  speed  range,  are 
equipped  with  direct-connected  motors.  For  larger  size  fans,  and  those 
operating  at  lower  speed,  V-belt  drives  are  generally  used. 

In  selecting  the  size  of  motor  for  operating  a  fan,  it  is  advisable  to 
select  at  least  the  standard  size  next  larger  than  the  fan  requirements. 
Direct-connected  motors  do  not  require  so  great  a  safety  factor  as  belted 
units.  Justification  for  liberal  power  provision  exists  only  in  systems 
where  it  is  possible  that  larger  volumes  of  air  may  be  required  at  intervals, 
and  made  available  by  use  of  by-pass  dampers,  thus  greatly  reducing  the 
system  resistance.  If  such  a  system  includes  a  fan  with  forward-curved 
blades,  it  would  be  necessary  that  the  motor  be  sized  for  the  maximum 
volume  and  duty.  If  such  a  system  includes  fans  with  backward-curved 
blades,  the  volume  peak  would  not  make  it  necessary  to  provide  addi- 
tional motor  power.  In  selecting  fans  for  such  a  system,  sound  ratings 
should  be  given  careful  consideration. 

Where  a  system  is  constant,  and  has  no  provision  for  volume  change 
that  would  materially  reduce  the  resistance,  and  when  the  resistance 
calculations  are  reasonably  accurate,  there  is  no  necessity  for  too  liberal 
a  motor  allowance,  even  where  fans  with  forward-curved  blades  are  used, 
if  the  fan  has  been  properly  selected.  Fig.  5  shows  that  the  system  re- 
sistance varies  as  the  square  of  the  volume  and  the  fan  static  pressure  varies 
approximately  inversely  as  the  volume,  thus  greatly  offsetting  the  trend 
toward  both  increase  in  air  delivery  and  motor  load.  Reference  to  Fig. 
5  indicates  that  there  is  no  justification  for  allowing  large  spare  motor 
capacity.  It  is  generally  more  economical  to  operate  motors  well  loaded. 

Since  the  power  consumption  of  fans  varies  as  the  cube  of  the  speed,  very 
little  starting  torque  is  required  of  the  motor.  Refer  to  Chapter  39  for 
characteristics  of  various  types  of  motors. 

FAN  SELECTION 

The  following  information  is  required  to  select  the  proper  type  and  size 
of  fan: 

1.  Capacity  in  cubic  feet  per  minute. 

2.  Static  pressure  or  system  resistance. 

3.  Air  density  if  other  than  standard. 

4.  Type  of  application  or  service. 

5.  Arrangement  of  system. 

6.  Prevailing  sound  level  or  use  of  space  served. 

7.  Nature  of  load. 

8.  Type  of  motive  power  available. 

In  order  to  facilitate  the  choice  of  apparatus,  the  various  fan  manu- 
facturers supply  fan  tables  or  curves  which  usually  show  the  following 
factors  for  each  size  of  fan  operating  against  a  wide  range  of  static  pres- 
sures: (1)  volume  of  air  in  cubic  feet  per  minute  (68  F,  50  per  cent  rela- 
tive humidity,  0.075  Ib  per  cubic  foot),  (2)  outlet  velocity,  (3)  revolutions 
per  minute,  '(4)  brake  horsepower,  (5)  tip  or  peripheral  speed,  and  (6) 
static  pressure.  The  most  efficient  operating  point  is  usually  shown  by 
either  bold-face  or  italicized  figures  in  the  capacity  tables. 
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Often  the  service  determines  the  type  of  fan.  When  operation  occurs 
with  little  or  no  resistance,  and  particularly  without  a  duct  system,  the 
propeller  fan  is  indicated  for  convenience  and  low  cost.  When  resistance 
is  low  the  power  required  is  low,  and  efficiency  becomes  of  secondary  im- 
portance. When  a  duct  system  is  involved  the  choice  is  usually  made 
between  a  centrifugal  fan  and  a  tubeaxial  or  vaneaxial.  At  times  the 
capacity-pressure-speed  relationship  (specific  speed)9  dictates  a  choice. 
Usually,  space,  efficiency,  sound,  cost  and  serviceability  must  all  be  con- 
sidered.10 In  general,  centrifugal  and  axial  fans  are  comparable  in  effi- 
ciency and  sound,  but  the  latter  are  lighter  and  require  considerably  less 
space,  especially  if  arranged  for  straight-through  operation.  The  compari- 
son cannot  be  made  on  the  cost  of  fans  only,  but  the  difference  in  cost  of 
ductwork,,  mounting  and  servicing  must  be  included.  A  vaneaxial  is  more 
efficient  and  quieter  than  a  tubeaxial,  but  is  more  expensive,  and  frequently 
requires  more  space.  While  requiring  less  space  than  the  centrifugal,  the 

TABLE  1.  GOOD  OPERATING  VELOCITIES  AND  TIP  SPEEDS  FOE  VENTILATING  FANS 


STATIC 

PRESSURE 

FOSWABD  CURVED  BLADE  FANS 

BACKWARD  TIPPED  AND  DOUBLE 
CURVED  BLADE  FANS 

TCBEAXEAL  AND 
VANEAXIAL  FANS 

INCHES  o? 
WATER 

Outlet  Velocity 
Feet  per  Minute 

Tip  Speed 
Feet  per  Minute 

Outlet  Velocity 
Feet  per  Minute 

Tip  Speed 
Feet  per  Minute 

Wheel  Velocity* 
Feet  per  Minute 

i 

1000-1100 

1520-1700 

800-1100 

2600-3100 

1100-1500 

I 

1000-1100 

1760-190G 

80O-1150 

3000-3500 

1250-1700 

1000-1200 

1970-2150 

900-1300 

3400-4000 

1400-1900 

1200-1400 

2225-2450 

1000-1500 

3800-4500 

1500-2100 

1300-1500 

2480-2700 

1100-1650 

4200-5000 

1650-2350 

1400-1700 

2660-2910 

1200-1750 

4500-5300 

1800-2500 

1 

1500-1800 

2820-3120 

1200-1900 

4800-5750 

1900-2700 

It 

1600-1900 

3162-3450 

1300-2100 

5300-6350 

2150-3000 

•      1* 

1800-2100 

3480-3810 

1400-2300 

5750-6950 

2350-3300 

l! 

1900-2200 

376O-4205 

1500-2500 

620O-7550 

2500-3550 

2 

2000-2400 

4000-4500 

1600-2700 

6650-8050 

2700-3800 

21 

2200-2600 

4250-4740 

1700-2800 

7050-8550 

2* 

2300-2600 

4475-4970 

1800-2950  , 

7450-9000 

3 

2500-2800 

4900-5365 

2000-3200 

8200-9850 

0  Wheel  velocity  is  the  axial  mean  air  velocity  through  the  inside  diameter  of  the  housing  cylinder  at  the 
point  of  wheel  location. 

axial  flow  fan  is  inherently  less  accessible  for  service.  When  high-tempera- 
ture air  or  air  containing  corrosive  elements  is  being  conveyed,  motors  and 
bearings  should  be  located  outside  of  the  air  stream.  This  requirement 
may  determine  the  type  of  fan  to  be  used.  Where  the  system  resistance  is 
indefinite  or  variable,  the  pressure,  horsepower  and  noise  characteristics  of 
centrifugal  fans  usually  indicate  their  selection.  Under  such  conditions, 
a  steep  and  constantly  rising  pressure  curve  permits  less  variation  in  air 
delivery  when  the  resistance  varies.  Likewise,  a  flat  sound  curve  mini- 
mizes the  chance  of  moving  into  a  region  of  increased  noise.  A  fan  having 
a  high  efficiency  over  a  wide  range  is  more  desirable  than  one  which  reaches 
an  even  higher  maximum  efficiency,  but  decreases  more  rapidly  on  either 
side  of  a  narrow  range.  A  self-limiting  horsepower  curve  may  permit 
more  accurate  selection  of  motor  size. 

The  selection  of  size  of  fan  usually  involves  balancing  cost  and  space 
against  sound  and  efficiency.  Unless  the  pressure  involved  is  so  high  that 
a  smaller  fan  running  at  greater  speed  requires  a  higher  class2  of  construc- 
tion^ the  smallest  f ap  is  the  cheapest  jji  first  cost  of  the  fan  only.  However, 
as  the  cost  of  the  driving  equipment  is  also  involved  in  th$  total  installation 
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cost ?  fan  efficiency  must  be  considered  for  that  reason  as  weU  as  its  bearing 
on  the  cost  of  operation.  In  some  cases  where  large  fans  operate  long  hours 
per  year,  selection  at  absolute  maximum  efficiency  is  indicated.  Generally, 
however,  the  power  saving  by  selecting  for  optimum  efficiency  does  not 
justify  the  extra  cost,  and  a  slightly  smaller  fan  gives  the  best  balance  of 
cost  and  efficiency.  Reference  to  Figs,  2  to  4  shows  that  all  types  tend  to 
have  a  minimum  sound  near  maximum  efficiency  so,  when  noise  is  a  con- 
sideration, selection  approaching  maximum  efficiency  is  indicated,  Too 
large  a  fan  may  not  only  mean  an  unnecessary  investment  and  an  increased 
power  consumption  and  sound,  but  may  also  give  faulty  performance  if  of 
a  type  having  an  unstable  pressure  characteristic  at  low  capacity. 

Table  1  shows  the  outlet  velocities  and  impeller  tip  speeds  recognized  as 
good  practice  for  various  static  pressures  for  centrifugal,  tubeaxial  and 
vaneaxial  fans  applied  to  average  heating,  ventilating  and  air  conditioning 
applications.  Fans  for  churches,  schools,  residences  and  other  buildings 
having  a  low  prevailing  noise  level  should  be  selected  for  lower  than  average 
outlet  velocities. 

FAN  INSTALLATION 

In  designing  heating,  ventilating  and  air  conditioning  systems,  the 
characteristics  of  the  fans  available  for  use  therewith  should  not  be  ignored. 
If  double  inlet  fans  or  multiple  fans  in  parallel  are  used,  care  must  be  taken 
that  both  inlets  have  the  same  free  area  and  general  approach  conditions. 

The  dimensions  of  the  ductwork  and  the  size  of  the  various  devices  whose 
individual  resistances  determine  the  static  pressure,  dictate  the  fan  selec- 
tion. Often  a  minor  modification  of  the  system  may  permit  use  of  a 
smaller  motor,  and  even  a  lower  class2  of  fan,  with  considerable  saving  of 
cost.  Invariably,  the  sound  generated  is  affected,  as  fans  operating  at 
high  pressure  produce  more  noise  than  at  lower  pressure  (see  Chapter  40). 
Minimizing  the  resistance  may  be  the  best  insurance  against  noise.  On 
the  other  hand,  sometimes  the  lowest  overall  cost  results  from  selecting  the 
minimum  size  of  system  equipment,  and  then  installing  adequate  acoustical 
and  vibration  treatment. 

All  ducts  should  be  connected  to  fan  outlets  and  inlets  by  means  of  un- 
painted  canvas  or  other  flexible  material.  Access  should  be  provided  in 
the  connections  for  periodic  removal  of  any  accumulations  tending  to 
unbalance  the  rotor.  When  operating  against  high  resistance,  or  when 
ambient  noise  levels  are  low,  it  is  preferable  to  locate  the  fan  in  a  room 
removed  from  occupied  areas  or  acoustically  treated  to  prevent  sound 
transmission.  The  fighter  building  constructions  which  are  common  today, 
make  it  desirable  to  mount  fans  and  driving  motors  on  resilient  bases 
designed  to  prevent  transmission  of  vibrations  through  floors  to  the  build- 
ing structure.  Conduits,  pipes  and  other  rigid  members  should  not  be 
attached  to  fans.  Noises  due  to  high  velocities,  abrupt  turns,  grilles  and 
other  items  not  connected  with  the  fan,  may  be  present,  Treatment  of 
such  problems  as  well  as  the  design  of  sound  and  vibration  absorbents  is 
covered  in  Chapter  40. 

FAN  APPLICATIONS 

Many  fan  applications  and  the  corresponding  types  of  fan  commonly 
used  are  listed  in  the  following  paragraphs.  Reference  is  also  made  to  the 
chapters  where  the  applications  are  discussed. 

Central  System  Supply  Fans  (Chapter  29)  are  usually  of  the  centrifugal 
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type,  since  this  application  requires  a  wide  range  of  satisfactory  and  quiet 
operation  against  relatively  high  pressures.  They  can  readily  be  connected 
to  apparatus  of  large  cross-section  on  the  Met  side,  and  to  relatively  small 
ducts  on  the  outlet  side. 

Comparative  sizes  have  been  standardized  among  manufacturers,2  and 
most  rating  tables  cover  a  range  of  700  to  500,000  cfm,  and  static  pressures 
from  |  to  15  in.  of  water. 

Central  system  exhaust  fans  are  predominately  centrifugal,  but  the  space 

conservation  of  the  axial  is  being  increasingly  utilized.  Tubeaxial  and 
vaneaxial  fan  sizes  are  not  yet  standardized,  but  several  manufacturers 
list  capacities  from  2000  to  100,000  cfm,  and  static  pressures  up  to  3  in.  of 

water. 

Exhaust  fans  are  found  in  all  types.  Watt  fans  are  predominantly  of  the 
propeller  type,  since  they  operate  against  little  or  no  resistance.  They  are 
listed  in  capacities  from  1000  to  75,000  cfm.  They  are  sometimes  in- 
corporated in  factory-built  pent  houses  or  roof  caps,  or  are  provided  with 
matching  automatic  louvers.  Hood  exhaust  fans  (Chapter  45)  involving 
ductwork,  are  predominantly  centrifugal,  especially  if  handling  hot,  cor- 
rosive or  erosive  fumes?  where  it  is  best  to  keep  the  bearings  and  drive 
remote  from  the  air  stream.  Otherwise,  axial  fans  are  applicable,  and 
where  little  or  no  ductwork  is  involved,  propeller  fans  are  suitable.  Spray 
booth  exhaust  fans  (Chapter  45)  are  frequently  centrifugal,  especially  if 
built  into  self-contained  booths.  Tubeaxial  fans  Lend  themselves  particu- 
larly well  to  this  application  where  ease  of  cleaning  and  of  suspension  in  a 
section  of  ductwork  are  advantageous.  For  such  application  built-in  clean- 
out  doors  are  desirable.  Material  handling  fans  (Chapter  45)  are  always 
straight  radial  (or  modified)  blade  centrifugal  type.  They  are  of  heavier 
construction,  and  have  fewer  blades  and  greater  clearances  than  ventilating 
fans.  Many  characteristics  are  compromised  to  provide  wear  resistance 
and  ease  of  maintenance.  They  are  commonly  listed  in  capacities  from 
600  to  60,000  cfm,  and  static  pressures  up  to  15  in.  water. 

Mine  fan  applications11  vary  greatly  and  require  fans  ranging  from  small 
portable  units  for  local  ventilation,  to  immense  slow  speed  centrifugal  fans, 
often  steam  engine  driven,  for  general  or  emergency  ventilation.  Vaneaxial 
fans  are  well  suited  to  mine  ventilation.  For  underground  location,  their 
compactness  saves  on  cost  of  excavations,  and  above  ground,  their  ready 
reversibility  is  valuable  in  emergencies,  even  if  reversal  causes  a  reduction 
in  capacity, 

Marine  fans  (Chapter  47)  are  of  both  centrifugal  and  vaneaxial  types. 
The  latter  are  particularly  well  adapted  to  both  combatant  and  non- 
combatant  ships,  where  compactness  and  light  weight  are  invaluable. 

Unitary  systems^  i.e.,  unit  heaters,  unit  ventilators,  unit  humidifiers, 
unit  air  conditioners,  unit  air  coolers  and  unit  evaporative  condensers  are 
equipped  with  centrifugal  or  propeller  fans,  the  latter  usually  being  limited 
to  the  relatively  small  suspended  type  where  no  ductwork  is  involved. 
Fans  for  units  having  considerable  internal  or  possible  external  resistance, 
are  mostly  of  the  forward-curved  blade,  or  so-called  mixed  flow  centrifugal 
type.  The  latter  is  really  a  centrifugal  type  with  axial  inlets,  having  a 
pressure  curve  resembling  a  backward-curved  blade  centrifugal  fan.  Both 
of  these  types  have  the  high  capacities  (in  relation  to  displacement)  requisite 
for  a  compact  unit*  Ratings  are  frequently  given  for  these  units  as 
separate  fans,  as  well  as  in  conjunction  with  the  various  internal  resistances. 
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In  multiple  units  on  a  common  shaft  they  are  listed  up  to  40,000  efm 
capacities. 

Cooling  tower  fans  (Chapter  34)  are  predominantly  of  the  propeller  type, 
but  axial  types  are  also  used  for  packed  towers,  and  occasionally  a  centrif- 
ugal fan  is  used  to  supply  forced  draft. 

Circulating  fans  are  invariably  of  propeller  or  disk  type,  and  are  made  in 
a  vast  variety  of  blade  shapes  and  arrangements.  They  are  designed  for 
pleasing  appearance,  as  well  as  utility. 

General  purpose  fans  are  centrifugal  fans  of  conventional  design,  built 
for  service  in  the  lower  capacity  ranges.  They  are  built  with  the  fan  wheel 
mounted  on  the  motor  shaft,  or  connected  to  a  self-contained  belt  driven 
arrangement.  They  are  listed  in  capacities  from  100  to  20,000  efm,  and 
static  pressures  up  to  If  in-  water. 

Kitchen  fans  for  domestic  use  are  small  propeller  fans  arranged  for  window 
or  wall  mounting.,  and  with  various  useful  fixtures.  Their  capacities  range 
from  300  to  800  cfm, 

Attic  fans  are  used  during  the  warm  seasons  to  draw  large  volumes  of 
outside  air  through  a  house  or  other  buEcling  whenever  the  inside  tempera- 
ture exceeds  the  outside,  and  thereby  utilize  the  cooling  effect  of  the  rela- 
tively cool  evening  or  night  air.  Research  by  the  A.S.ELVJE.12  indicates 
that  a  two  to  three-minute  air  change  per  hour  is  desirable  in  the  North' 
in  the  South,  a  one-minute  change  is  recommended  to  provide  the  addi- 
tional cooling  effect  of  air  motion. 

Fans  may  be  centrally  located  in  an  attic  or  other  unused  space,  or  in  a 
hallway,  and  arranged  to  draw  proportionately  from  several  rooms;  or 
local  window  units  may  be  installed  in  a  single  room.  Central  units  draw 
from  the  living  quarters  and  discharge  into  the  attic,  whence  the  air  escapes 
through  windows  or  grilles;  or  the  air  may  be  drawn  through  grilles  into 
the  attic  with  the  fan  discharging  directly  outdoors.  Discharge  openings 
on  the  lee  side  are  preferred. 

Attic  fans  are  invariably  propeller  type,  and  should  be  selected  for  low 
velocities  to  minimize  the  noise.  Noise  is  more  of  a  problem  on  local  units, 
but  care  should  be  taken  to  prevent  transmission  of  noise  or  vibration  on 
all  installations,  since  they  operate  during  sleeping  hours.  Central  units 
are  available  in  sizes  from  3,000  to  30,000  cfm,  and  window  units  up  to 
8,000  cfm. 
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AIR  CLEANING 

Filters,  Dust  and  Lint,  Viscous  Impingement  Type  Filters,  Dry  Air  Filters,  Electric 

Preeipitators,  Air  Filter  Performance,  Testing,  Selection  and  Maintenance,  Filter 

Installation,  Adsorption  of  Vapors,  Dust  Collectors,  Degree  of  Dust  Removal 

Required,  Factors  Affecting  Selection,  Types  and  Application  of  Dust 

Collectors,   High  Voltage  Electrostatic  Preeipitators,  Wet  and 

Centrifugal  Collectors,  Settling  Chambers,  Testing  Methods 


IR  cleaning  devices  remove  contaminants  from  an  air  or  gas  stream. 
f(  They  are  available  in  a  wide  range  of  designs  to  meet  various  air 
cleaning  requirements.  Degree  of  removal  required,  quantity  and  char- 
acteristics of  the  contaminant  to  be  removed,  and  conditions  of  the  air  or 
gas  stream  will  aU  have  a  bearing  on  the  device  selected  for  a  given  applica- 
tion. Definitions  and  a  discussion  of  contaminant  characteristics  are  given 
in  Chapter  8,  together  with  some  consideration  of  their  origin. 

Air  cleaning  devices  are  divided  in  this  chapter  into  two  basic  groups : 
Air  Filters,  described  in  Part  I  and  Dust  Collectors  described  in  Part  II. 

Air  filters  are  designed  to  remove  dust  concentrations  such  as  are  found  in 
-outside  air,  and  are  employed  in  ventilation,  air  conditioning,  and  heating 
systems  where  dust  content  seldom  exceeds  four  grains  per  thousand  cubic 
feet  of  air. 

Dust  collectors  are  designed  for  the  heavier  industrial  loads  encountered 
in  local  exhaust  ventilation  where  dust  content  (loading)  ranges  from  100 
to  20,000  grains  per  thousand  cubic  feet  of  air.  This  heavy  loading  from 
industrial  dust  control  systems  is  often  overlooked.  Because  of  it  air  clean- 
ing devices  in  the  air  filter  group  can  seldom  be  used  for  control  of  process 
dust  in  industrial  applications. 

PART  I— AIR  FILTERS 

•  Air  filters  are  installed  in  ventilating  systems  to  remove  the  airborne 
dusts  which  tend  to  settle  out  in  the  still  air  of  the  ventilated  space  and 
become  a  nuisance.  Such  dust  comes  under  the  classification  of  temporary 
'atmospheric  impurities  listed  in  Fig.  1,  Chapter  8,  and  includes  most  of 
the  pollens,  house  dust,  and  similar  allergens  which  motivate  attacks  upon 
.persons  of  allergic  sensitivity.1 

The  air  filters  classified  as  viscous  impingement  types  are  widely  used  in 
•general  ventilating  systems,  and  will  usually  justify  their  cost  through  a 
reduction  in  housekeeping  costs  in  the  ventilated  space.  For  Industrial 
applications,  and  in  locations  where  the  larger  part  of  the  atmospheric  im- 
-purities  are  of  fine  particle  size  such  as  smoke  and  fumes,  more  effective  dry 
filters  and  electric  precipitators  are  proving  economical.  By  use  of  com- 
binations of  filters,  advantage  may  be  taken  of  specific  characteristics  of  the 
various  types  of  filters, 

There  is  at  the  present  time  no  generally  accepted  standard  test  method 
for  measuring  the  cleaning  efficiency  of  an  air  filter.  Air  filters  are  usually 

•  §93 
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selected  on  the  basis  of  experience  or  judgment,  guided  by  the  results  of 
various  test  procedures. 

A  description  of  various  types  of  air  filters  available  commercially  will 
be  found  under  air  filters  in  the  catalog  section  of  THE  GUIDE. 

DUST  AND 

Airborne  solid  matter,  from  the  viewpoint  of  air  filtering,  is  considered 
as  lint  and  dust.  Some  lint  originates  outdoors,  as  animal  hair,  vegetable 
fibers,  etc.,  but  much  is  generated  within  buildings  by  the  wear  and  brush- 
ing of  fabrics  in  the  form  of  clothes?  draperies,  carpets,  etc.  Lint  is  com- 
paratively easy  to  capture  in  an  air  filter  because  of  its  comparatively  great 
length.  So  far  as  air  filter  performance  and  testing  are  concerned,  lint  is 
chiefly  important  because  of  its  tendency  to  impede  or  stop  the  flow  of  air 
through  the  filter.  In  general,  lint,  if  not  captured,  will  accumulate  in 
corners  and  under  furniture  in  a  building  in  areas  of  slight  air  motion,  and 
in  some  cases  may  seriously  obstruct  heating  and  cooling  coils.  Dust 
settles,  or  is  precipitated  by  heat  or  air  motion,  upon  furniture,  fixtures  and 
walls,  and  the  only  satisfactory  treatment  is  washing  or  re-painting.  Dust 
is  more  difficult  to  capture  than  lint,  and,  obviously,  small  particles  are 
more  difficult  to  capture  than  large  ones.  The  air  cleaning  problem  is 
complicated  by  the  vast  difference  in  size  of  dust  particles,  the  range  of 
which  is  shown  in  Fig.  1,  Chapter  8. 

As  a  general  rule,  the  removal  of  the  coarser  dust  particles  and  lint  from 
the  ventilating  air  produces  tangible  results  in  so  far  as  cleanliness  in  a 
house  or  building  is  concerned,  because  much  of  the  finer  dust  remains 
suspended  in  the  air  and  is  removed  from  the  building  by  the  circulating 
air.  However,  since  some- of  the  fine  dusts  are  undoubtedly  deposited  by 
means  other  than  settling,  such  as  electrical  or  thermal  precipitation2' s  and 
by  contact,  the  ability  to  remove  small  particles  is  desirable  in  an  air  cleaner 
if  it  can  be  obtained  at  not  too  great  a  cost. 

VISCOUS  IMPINGEMENT  TYPE  FILTERS 

The  medium  in  a  viscous  impingement  type  filter  is  usually  a  fiber  pack 
for  non-automatic  types,  or  a  series  of  metal  plates  for  automatic  self-clean- 
ing types.  In  either  case,  the  medium  is  treated  with  a  viscous  substance, 
often  an  oil  or  grease,  called  the  adhesive  or  the  saturant,  intended  to  retain 
dust  particles  which  come  in  contact  with  it.  Also,  in  either  case,  the 
arrangement  is  such  that  the  air  stream  is  broken  up  into  many  small  air 
streams,  and  these  are  caused  to  change  direction  abruptly  a  number  of 
times  in  order  to  throw  the  dust  particles,  by  momentum,  against  the  adhe- 
sive. Several  desirable  characteristics  of  an  adhesive  for  air  cleaners  of 
this  type  are:  (1)  its  surface  tension  should  be  such  as  to  produce  a 
homogeneous  film  or  coating  on  the  filter  medium;  (2)  the  viscosity  should 
vary  only  slightly  with  normal  changes  of  temperature;  (3)  it  should  pre- 
vent the  development  of  mold  spores  and  bacteria  on  the  filter  medium;  (4) 
the  liquid  should  have  high  capillarity,  or  ability  to  wet  and  retain  the 
dust  at  all  operating  temperatures;  (5)  evaporation  should  be  slight;  (6) 
it  should  be  fire  resistant;  (7)  it  should  be  odorless. 

Various  fibrous  materials  have  been  used  as  filtering  media  in  unit  filters 
of  the  viscous  impingement  type.  These  include  glass  fiber,  steel  wool, 
similar  wool  of  non-ferrous  metals,  wire  screen,  animal  hair,  hemp  fibers, 
and  other  materials.  In  such  filters,  the  medium  is  often  packed  more 
densely  on  the  discharge  than  on  the  approach  side  in  order  to  increase  the 
dust  holding  capacity.  This  results  in  a  selective  arrestance  of  dust  with 
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the  larger  particles  nearer  the  approach  face,  The  arrangement  also  per- 
mits some  penetration  of  lint  into  (but  not  through)  the  filter,  so  that  the 
amount  of  lint  which  can  be  tolerated  oa  the  filter  is  also  increased.  Due 
to  plane  surface  area  the  viscous  impingement  type  filter,  however,  may  be 
inferior  to  some  dry  types  if  the  air  carries  a  high  percentage  of  lint* 

The  resistance  of  air  filters  obviously  increases  with  the  rate  of  air  flow 
through  them.  Face  velocities  of  about  300  fpm,  and  resistances  in  the 
range  from  0.1  to  0.2  in.  water,  when  the  device  is  new  and  clean,  are  usual 
for  ventilation  system  filters.  Special  filters  with  low  resistances  are  avail- 
able for  use  with  gravity  warm  air  furnaces,  and  for  other  applications  where 
only  low  pressure  is  available. 

The  resistance  of  these  filters  increases  with  dust  or  lint  loading,  and  it 
is  the  resistance  due  to  this  cause  which  ordinarily  necessitates  servicing. 
The  rate  of  loading  obviously  depends  upon  the  amount  as  well  as  the  kind 
of  dust  in  the  air,  and  for  this  reason  periods  between  servicing  cannot  be 
predicted.  Manometers  are  often  installed  to  indicate  the  pressure  drop 
across  filter  banks,  and  they  serve  to  indicate  when  the  filter  requires  clean- 
ing. The  pressure  drop  tolerated  differs  between  operators  and  system 
designs.  The  resistance  of  a  filter  bank  can  be  kept  desirably  low  by  per- 
iodically servicing  some,  but  not  all,  of  the  units  in  the  bank  at  one  time. 

The  method  of  cleaning  viscous  impingement  unit  filters  differs  for  differ- 
ent types  of  filters  and  lands  of  dust.  Much  dry  dust  or  lint  can  often  be 
removed  by  rapping  the  filter. 

Throw-away  filters  are  constructed  of  inexpensive  materials,  and  are  de- 
signed to  be  discarded  after  one  use.  The  frame  is  frequently  a  combination 
of  cardboard  and  wire. 

Cleanable  types  usually  have  metal  frames.  Various  cleaning  methods 
have  been  recommended  including:  air  jet,  water  jet,  steam  jet,  washing 
in  kerosene,  and  dipping  in  an  oil.  The  latter  may  serve  both  to  clean  the 
filter  and  add  the  necessary  adhesive. 

Automatic  Viscous  Filters 

In  an  automatic  air  filter,  means  are  provided  to  remove  the  dust  from 
the  medium  mechanically.  Automatic  filters  with  moving  cloth  media 
have  been  constructed,  but  are  not  now  in  wide  use. 

The  medium  in  a  typical  automatic  filter  at  present  consists  of  a  series 
of  specially  formed  metal  plates  mounted  on  a  pair  of  chains.  The  chains 
are  mounted  on  sprockets  located  at  the  top  and  bottom  of  the  filter  hous- 
ing, so  that  the  filter  medium  can  be  moved  as  a  continuous  curtain  up  one 
side  and  down  the  other  side  of  the  sprockets.  The  arrangement  is  such 
that,  at  the  bottom,  the  medium  passes  through  a  bath  of  special  oil  which 
both  serves  to  remove  the  dirt  from  the  plates  and  acts  as  an  adhesive  when 
the  cleaned  plates  next  pass  through  the  air  stream.  The  plates  forming 
the  filtering  medium  or  curtain  usually  overlap  each  other,  and  due  to  their 
special  shape,  many  small  air  passages  are  formed  between  them.  These 
air  passages  turn  abruptly  one  or  more  times  in  order  to  give  the  impinge- 
ment effect. 

'An  electrically  driven  rotating  device  is  usually  supplied  with  an  auto- 
matic filter.  The  device  may  be  set  to  move  the  curtain  periodically,  or  a 
special  switch,  actuated  by  pressure  drop,  may  be  used  to  govern  its  motion. 
In  operation,  the  resistance  of  an  automatic  filter  will  remain  approximately 
constant  as  long  as  proper  operation  Is  obtained.  A  resistance  of  f .  in. 
water  at  a  face  velocity  of  500  fpm  is  typical  of  this  class. 
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The  media  In  such  filters  are  .usually  fabrics  or  fabric-like  materials. 
Media  of  wool  felt,  cotton  batting  (both  glazed  and  unglazed),  cellulose 
fiber  and  other  materials  have  been  used  commercially.  The  medium  in  a 
filter  of  this  class  is  usually  supported  by  a  wire  frame  in  the  form  of  pockets 
or  V-shaped  pleats  in  order  to  increase  the  area  exposed  to  the  passage  of 
air.  A  2  ft  square  unit  may  contain  from  15  to  30  sq  ft  of  medium. 

Dry  air  filters  are  likely  to  have  a  comparatively  high  lint-holding  capa- 
city on  account  of  the  large  area  of  medium  used.  Wool  felt  media  are 
troublesome  to  clean  when  impregnated  with  greasy  dust,  and  they  are  too 
expensive  to  discard  frequently.  Both  vacuum  cleaning  and  dry  cleaning 
have  been  used  for  reconditioning  wool  felt  filters. 

ELECTRIC  PRECIPITATORS 
The  fact  that  a  particle  exposed  to  an  electric  field  will  assume  a  charge 
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FIG.  1.  DIAGRAMMATIC  CROSS-SECTION  OF  ELECTROSTATIC  PRECIPITATOB 

and  migrate  toward  one  of  the  electrodes,  has  been  utilized  for  some  years 
in  boiler  plants  as  a  means  of  smoke  abatement.  The  same  principle  has 
been  used  in  equipment  developed  for  air  cleaning  in  air  conditioning  with- 
out generating  ozone  in  intolerable  quantities.  The  air  stream  in  a  pre- 
eipitatpr  passes  first  through  a  relatively  high-tension  electric  field,  known 
as  the  ionizing  field,  and  then  through  a  secondary  field  where  the  precipita- 
tion of  the  dust  occurs.  The  arrangement  is  as  shown  in  Pig.  1. 

In  a  typical  case,  a  potential  of  12,000  volts  may  be  used  to  create  the 
ionizing  field,  and  some  5000  volts  between  the  plates  upon  which  the 
precipitation  of  dust  occurs.  These  voltages,  which  are  capable  of  shock 
to  personnel  similar  to  that  of  a  spark  plug,  necessitate  some  safety  meas- 
ures. A  typical  arrangement  provides  means  for  automatically  making  the 
unit  inoperative  when  a  door  to  the  precipitator  is  opened.  To  resume 
operation  the  procedure  necessitates  closing  the  door  and  turning  an  electric 
switch,  the  latter  of  which  should  be  located  at  a  reasonable  distance  from 
the  equipment.  The  voltages  necessary  for  the  operation  of  the  precipita- 
tor are  usually  obtained  from  an  alternating  current  building  service  line 
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by  means  of  a  step-up  transformer,  Precipitation  with  alternating  current 
is  possible,  but  is  not  nearly  so  effective,  so  the  current  is  usually  rectified 
by  means  of  vacuum  tubes.  The  transformer  and  tubes  are  collectively 
termed  the  power  pack* 

Only  a  very  small  amount  of  electric  energy  is  necessary  to  operate  an 
electric  precipitatpr,  and  the  resistance  to  air  flow  through  the  device  is 
practically  negligible.  Some  care  is  necessary  in  arranging  the  duct 
approaches  on  the  entering  and  leaving  sides  of  precipitators  to  assure  that 
the  air  flow  is  distributed  uniformly  over  the  cross-sectional  area.  The 
-efficiency  of  the  precipitator  is  sensitive  to  air  velocity,  and  the  device  itself 
has  much  less  tendency  to  rectify  the  air  stream  than  filters,  which  have 
much  higher  resistances. 

Electric  precipitators  are  available  in  both  automatic  and  non-automatic 
types.  The  plates  of  non-automatic  precipitators  are  commonly  coated 
with  a  light  oil  as  an  adhesive.  Cleaning  is  accomplished  with  a  water  hose 
and,  for  this  reason,  the  bottom  of  the  equipment  is  made  water  tight  and 
provided  with  a  drain.  In  one  automatic  type,  precipitation  units  are 
mounted  on  chains,  and  are  alternately  dipped  in  oil  and  exposed  to  the  air 
stream  with  an  action  similar  to  that  of  an  automatic  impingement  filter. 
An  arrangement  of  sliding  contacts  maintains  the  necessary  electric  circuits. 

AIR  FILTER  PERFORMANCE  AND  TESTING 

Air  filters  are  generally  rated  in  terms  of  the  total  air  flow  for  which  they 
are  designed,  expressed  in  cubic  feet  per  minute.  Face  velocity  is  defined 
as  the  average  velocity  of  the  air  entering  the  filter,  and  it  is  determined  by 
taking  the  air  flow  and  dividing  it  by  the  area  of  the  duct  connection  to  the 
cleaner  in  square  feet.  Filters  are  often  rated  at  a  face  velocity  in  the 
range  of  250  to  500  fpm.  Resistance  to  air  flow  is  usually  measured  in 
inches  of  water  column.  The  resistances  of  filters  when  new  and  clean,  and 
when  operated  at  rated  capacity,  are  generally  available  from  the  manu- 
facturer (see  Catalog  Data  Section). 

The  ability  of  air  cleaners  to  clean  air  is  called  the  efficiency  or  the  arrest- 
ance^  and  may  be  denoted  by  the  symbol  E.  The  efficiency  of  an  air 
cleaner  differs  with  the  size  and  nature  of  the  dust  on  which  the  cleaner 
operates.  The  efficiency  of  an  air  cleaner,  algebraically  expressed,  is: 


where 

DI  =  amount  of  dust  per  unit  volume  in  uncleaned  air. 
Z)2  =»  amount  of  dust  per  unit  volume  in  cleaned  air. 

Several  methods  have  been  investigated  for  evaluating  DI  and  Ds.  The 
particle  count  method  is  not  used  for  efficiency  evaluation,  except  in  investi- 
gation of  filter  performance  on  specific  particles  such  as  pollen,  or  on  certain 
industrial  dusts  harmful  to  health.  Dust  particles  can  be  captured  on 
microscope  slides  by  means  of  one  of  the  various  kinds  of  impingement 
devices.  The  process  is  useful  if  inspection  and  analysis  of  dust  are  de- 
sired, but  particle  counting  is  not  sufficiently  precise  for  evaluating  the 
efficiency  of  a  cleaner  operating  on  a  heterogeneous  dust. 

The  weight  method  of  evaluating  efficiency  has  found  wide  utility,  and 
was  recognized  by  the  AMEEICAN  SOCIETY  OF  HEATING  AND  VENTILATING 
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ENGINEERS  and  incorporated  in  a  code.4  For  this  test,  a  known  weight  of 
a  prepared  dust  is  injected  into  air  supplied  to  the  filter,  and  the  quantity 
of  dust  in  the  cleaned  air  is  determined  by  extracting  and  weighing  the 
dust  from  a  known  volume  of  the  cleaned  air.  Dust  extraction  from  the 
air  is  accomplished  by  drawing  the  air  through  a  porous  crucible  or  thimble 
by  means  of  a  Mgh  vacuum. 

The  dust-spot  or  blackness  test  for  cleaner  efficiency  was  developed  at  the 
National  Bureau  of  Standards?  The  test  consists  of  drawing  samples  of 
cleaned  air  and  of  uncleaned  air  through  filter  papers  simultaneously.  The 
ratio  of  the  areas  of  paper  through  which  the  air  samples  are  drawn,  and  the 
ratio  of  the  amount  of  air  drawn  through  the  papers,  are  adjusted  during 
successive  trials  to  yield  spots  of  approximately  equal  blackness  on  the 
papers.  The  ratios  of  the  areas  and  of  the  volumes  of  the  air  samples  are 
then  indicators  of  the  filter  effectiveness.  A  special  photometer  is  provided 
for  comparing  the  blackness  or  opacity  of  the  papers  by  transmitted  light. 
For  tests  of  ordinary  air  filters  by  this  method,  a  dust  is  injected  into  the 
air  stream.  The  dust  consists  of  precipitated  smoke  particles  from  a 
Cottrell  precipitator  used  in  a  local  power  plant  for  smoke  abatement.  For 
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tests  of  electrostatic  air  cleaners,  no  dust  is  added  to  the  air.  Tests  are 
commonly  made  with  the  dust  existing  in  the  air  at  the  location  of  the 
installation  on  a  clear  day.  Some  specifications  for  this  type  cleaner  have 
required  that  in  dust  spots  of  equal  area  the  downstream  spot  shall  not  be 
any  dirtier  than  the  upstream  spot  when  10  times  as  much  air  is  drawn 
through  it  as  is  drawn  through  the  upstream  spot.  When  this  condition  is 
met,  the  cleaner  is  said  to  have  an  efficiency  or  arrestance  of  90  per  cent  or 
better  on  atmospheric  air. 

Dust-holding  capacity  is  defined  as  the  amount  of  dust  which  a  filter 
can  retain  and  have  a  resistance  less  than  some  arbitrary  value.  The  term 
applies  only  to  non-automatic  air  cleaners.  Determination  of  dust-holding 
capacity  is  an  objective  of  each  test  under  the  A.S.H.V.E.  Standard  Code.4 
Curves  are  obtained  during  such  tests  to  show  the  relation  between  dust 
load  and  resistance. 

_  Fig.  2  indicates  the  general  range  of  resistance  to  air  flow  through  unit 
air  filters.  Type  A  is  a  dense  pack  used  in  bacterium  control ;  Type  B  is  a 
medium  pack  used  for  general  ventilation  work;  and  Type  C  is  a  low 
resistance  unit,  for  use  where  low  resistance  is  the  important  factor  and 
maximum  cleaning  efficiencies  are  not  essential, 

At  the  National  Bureau  of  Standards  two  injectors  are  provided  on  the 
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air  cleaner  testing  apparatus.  One  Injector  is  used  to  contaminate  the  air 
stream  with.  Cottrell  precipitate,  previously  described.  This  dust  is  used 
to  make  both  efficiency  determination  and  dust-holding  capacity  tests, 
The  other  injector  contaminates  the  air  stream  with  cotton  Haters  with 
which  lint-holding  capacity  tests  are  made*  The  curves  la  Fig.  3  illustrate 
the  difference  in  the  characteristics  of  two  filters,  one  a  viscous-impinge- 
ment type  and  the  other  a  dry  filter  with  a  cellulose  fiber  medium.  The 
two  injectors  can  be  operated  either  separately  or  simultaneously,  A  total 
dust  deposit  of  4  per  cent  cotton  iinters  and  96  per  cent  Cottrell  precipitate, 
gives  a  deposit  on  a  filter  closely  resembling  those  that  occur  in  Washington, 
D.  C. 

SELECTION  AND  MAINTENANCE 

For  removing  fine  dust  or  liquid  particles  which  show  no  gravitational 
settling  tendency,  electrical  precipitators  are  highly  effective  in  air  cleaning 
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applications.  The  electrostatic  equipment  is  comparatively  expensive  to 
install  and  maintain.  However,  in  many  applications  where  the  cleanest 
air  possible  is  needed,  this  expense  is  justified  by  the  results  obtained  with 
properly  installed  and  operated  electrostatic  air  filters. 

The  advantage  of  the  automatic  impingement  type  filter  consists  in  the 
small  amount  of  attention  which  it  requires.  Such  devices  are  therefore 
to  be  recommended  where  labor  is  scarce,  or  where  reliable  and  frequent 
attention  to  filters  cannot  be  assumed.  This  type  of  equipment  is  not  any 
better  in  dust  arrestance  than  some  unit  filters,  and  it  ranks  next  to  precipi- 
tators in  first  cost. 


^  filters^  constitute  the  majority  of  air  cleaners  now  in  use,  and  some 
choice  is  possible  between  the  types  available.  Where  lint  in  an  eminently 
dry  state  predominates,  a  dry  filter  obviously  may  be  preferable  to  other 
types  because  of  its  lint-holding  capacity.  If  the  lint  is  greasy  or  if  oil 
vapor  exists  in  the  air,  the  dry  filter,  if  it  is  of  the  cleanable  type,  may  be 
troublesome,  since  grease  tends  to  make  it  difficult  to  clean.  The  cleaning 
difficulty  is  avoided  if  a  throw-away  type  of  medium  is  used.  Some  dry 
filters  are  capable  of  high  efficiencies,  compared  to  other  unit  filters  on  fine 
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particles,  but  their  dust-holding  capacity  for  such  dust  may  be  Inferior  to 
that  of  the  viscous  impingement  type. 

Viscous  impingement  unit  filters  represent  the  general  type  of  air  cleaner 
now  in  use.  They  have  approached  standards  in  size,  and  their  overall 
dimensions  are  small  when  compared  with  their  ratings. 

Throw-away  units  are  often  installed  in  series  so  that  the  one  in  front, 
which  usually  becomes  plugged  with  lint,  can  be  discarded,  after  which  the 
downstream  unit  is  moved  to  the  front  and  replaced  by  a  new  unit. 

Viscous  impingement  unit  filters  do  not  have  efficiencies  as  high  as  can 
be  expected  with  some  other  types  of  unit  filters,  but  their  first  cost  and 
upkeep  are  generally  lower,  whether  of  the  cleanable  or  the  throw-away 
type.  They  require  more  careful  attention  than  the  automatic  oil  type  if 
the  resistance  is  to  be  maintained  within  reasonable  limits. 

FILTER  INSTALLATION 

Many  air  cleaners  are  available  in  units  of  convenient  size  for  handling 
when  installing,  cleaning  or  replacing.  Such  units  are  usually  designated 
as  filters  or  unit  filters.  -A  typical  unit  filter  may  be  20  in.  square  and  from 
one  to  several  inches  thick,  depending  on  the  manufacture  and  proposed 
use.  In  large  systems,  a  number  of  such  units  are  installed  adjacent  to 
each  other  and  collectively  called  a  bank  of  filters. 

Air  cleaners  are  commonly  installed  in  the  outdoor  air  intake  ducts  of 
buildings,  and  often  in  the  recirculating  air  ducts  as  well.  Cleaners  are 
logically  placed  ahead  of  heating  or  cooling  coils  and  other  air  conditioning 
equipment  in  the  system  to  protect  them,  from  dust.  The  character  of  the 
dust  arrested  by  the  filters  in  an  air  intake  duct  is  likely  to  be  mostly 
participate  matter  of  a  greasy  nature,  while  lint  may  predominate  in  dust 
from  within  the  building. 

The  pubEshed  performance  data  for  all  air  filters  are  based  on  straight 
through  unrestricted  air  flow.  Filters  should  be  installed  so  that  the  face 
area  is  at  right  angles  to  the  air  flow  whenever  possible.  Eddy  currents 
and  dead  air  spaces  should  be  avoided,  and  air  should  be  distributed  uni- 
formly over  the  entire  filter  surface,  using  baffles  or  diffusers  if  necessary. 

Failure  of  air  filter  installations  to  give  satisfactory  results  can,  in  most 
cases,  be  traced  to  faulty  installation  or  improper  maintenance  or  both. 

The  most  important  requirements  of  a  satisfactory  and  efficiently  oper- 
ating air  filter  installation  are:  ,  -f  , 

J  1.  The  filter  must  be  of  ample  size  for  the  amount  of  air  it  is 'expected  to  handle. 
•An' overload  of  10  to  15  per  cent  is  regarded  as  the  maximum  allowable.  When  air 
volume  is  subject  to  increase,  a  larger  filter  should  be  installed. 

-  2.  The  filter  must  be  suited  to  the  operating  conditions,  such  as  degree  of  air  clean- 
Jiness  required,  amount  of  dust  in  the^  entering  air,  type  of  duty,  allowable  pressure 
drop,  operating  temperatures,  and  maintenance  facilities, 

3.  The  filter  type  should  be  the  most  economical  for  the  specific  application.  The 
first  cost  of  the  installation  should  be  balanced  against  depreciation  as  well  as  expense 
*and  convenience  of  maintenance. 

The  following  recommendations  apply  to  filters  and  washers  installed 
with  central -fan  systems: 

1.  Duct  connections  to  and  from  the  filter  should  change  size  or  shape  gradually  to 
insure^  even  air  distribution  over  the  entire  filter  area, 
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2.  Sufficient  space  should  be  provided  In  front  as  well  as  behind  the  filter  to  make 
it  accessible  for  Inspection  and  service.    A  distance  of  two  feet  may  be  regarded  as 
the  minimum. 

3.  Access  doors  of  convenient  size  should  be  provided  in  the  sheet  metal  connec- 
tions leading  to  and  from  the  filters. 

4.  AH  doors  on  the  clean  air  side  should  be  lined  with  felt  to  prevent  infiltration  of 
unclean  air.    All  connections  and  seams  of  the  sheet  metal  ducts  on  the  clean  air  side 
should  be  as  air-tight  as  possible. 

5.  Electric  lights  should  be  installed  in  the  chamber  in  front  of  and  behind  the  air 
filter. 

6.  Air  washers  should,  whenever  possible,  be  installed  between  the  tempering  and 
heating  coils  to  protect  them  from  extreme  cold  in  winter. 

.  7,  Filters  installed  close  to  air  inlet  should  be  protected  from  the  weather  by  suit- 
able louvers,  in  front  of  which  a  large  mesh  wire  screen  should  be  provided. 

8.  Filters  should  have  permanent  indicators  to  give  a  warning  when  the  filter 
resistance  reaches  too  high  a  value. 

•Safety  Requirements 

An  investigation  of  safety  ordinances  should  be  made  by  the  engineer 

when  the  installation  of  an  air  cleaner  of  any  considerable  size  is  contem- 
plated. It  is  possible  that  combustible  filtering  media  may  not  be  per- 
mitted in  accordance  with  some  existing  local  regulations.  Combustion  of 
dust  and  lint  on  a  filtering  medium  is  possible,  though  the  medium  itself 
may  not  burn. 

ADSORPTION  OF  VAPORS  OTHER  THAW  WATER 

Many  of  the  foreign  gases  in  the  atmosphere  are  selectively  adsorbed  by 
charcoal.  Included  are  many  of  the  organic  gases,  such  as  those  emanating 
from  animals  and  people,  some  of  the  gaseous  constituents  of  combustion, 
alcohols,  ketones,  esters,  and  gaseous  products  of  putrefaction. 

Charcoals  differ  widely  in  their  adsorptive  capacity.  Those  which  have 
marked  adsorption  characteristics,  such  as  properly  prepared  coconut  shell 
charcoals,  are  sometimes  called  activated  charcoals  or  activated  carbon.  These 
materials  can  adsorb  approximately  50  per  cent  of  their  own  weight  of 
many  organic  gases  at  70  F.  The  charcoal  may  be  used  for  a  long  time  by 
'reactivation  at  high  temperatures,  under  which  condition  it  gives  up  the 
absorbed  gases.  Temperatures  of  approximately  1000  F  are  desirable  for 
reactivation.  Charcoals  for  use  in  air  handling  systems  should  be  able  to 
stand  physical  handling,  including  reactivation,  without  excessive  loss  by 
.breakage  or  dusting. 

I  As  applied  in  air  handling  systems,  the  charcoal  is  placed  in  perforated 
metal  containers  which  are  grouped  in  frames  and  set  in  the  air  stream. 
The  percentage  removal  of  an  organic  gas,  such  as  carbon  tetrachloride,  is 
'95  per  .cent  or  above  when  placed  in  intimate  contact  with  the  carbon  at 
70  F.  In  commercial  apparatus  there  may  be  a  by-pass  effect  which  de- 
pends on  the  physical  arrangement  of  the  charcoal  containers.  This  by- 
passing reduces  the  percentage  removed  in  the  total  gas  passing  through 
the  adsorber.  Resistance  to  air  flow  is  usually  selected  within  the  general 
range  of  resistance  of  impingement  filters. 

The  required  quantity  of  recirculated  air  to  be  treated  is  determined  by 
dividing  the  requirements  for  contaminant-free  air,  minus  the  outdoor  air, 
by  the  fraction  denoting  the  percentage  removal  of  the  gas  in  question  in 
the  adsorber  bank  which  is  to  be  used. 

Adsorbers  may  be  applied  to  reduce  objectionable  gases  entering  through 
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the  outdoor  air  inlet.    They  may  also  be  used  to  reduce  the  odors  caused 

by  exhausts  from  processing.    Adsorber  beds,,  in  all  cases,  should  be  pro- 
tected from  dust,  free  oil  and  grease. 

PART  2— DUST  COLLECTORS 

Industrial  development  and  growth  of  industrial  areas  have  had  a  cumu- 
lative effect  upon  the  problem  of  dust  control.  Not  only  has  the  atmosphere 
in  many  cities  become  more  polluted,  but  the  intensity  of  pollution  at  the 
points  of  control  has  increased.  Accompanying  this  increase  in  pollution 
there  has  been  a  growing  consciousness  of  the  need  for  more  effective  air 
cleaning  among  housewives,  store  managers,  industrialists  and  legal  inspec- 
tors, and  this  has  resulted  in  increasing  severity  of  regulations  pertaining  to 
collection  of  dust  and  contaminants. 

Air  cleaning  for  the  supply  system  is  usually  accomplished  by  means  of 
some  type  of  air  filter.  To  prevent  escape  of  industrial  dust  into  the  atmos- 
phere, some  type  of  dust  collector  is  required.  An  industrial  air  cleaning 
installation  is  designed  to  perform  one  or  more  of  the  following  functions  : 

1.  Prevent  a  nuisance  or  physical  damage  to  a  plant  or  adjacent  property. 

2.  Prevent  re-entry  of  contaminants  to  working  spaces. 

3.  Reclaim  usable  material. 

4.  Reduce  fire,  explosion  or  other  hazards. 

5.  Permit  recirculatlon  of  cleaned  air  to  working  spaces. 

DEGREE  OF  DUST  REMOVAL  REQUIRED 

Minimum  standards  of  dust  removal  required  of  a  dust  collector  may  be 
established  by  local  or  state  regulations,  prepared  by  municipal  smoke 
abatement  or  health  departments,  or  by  state  labor  or  health  departments. 
Regardless  of  minimum  standards,  it  is  good  practice  to  install  the  most 
effective  collection  equipment  available  in  the  light  of  practical  operation 
features  and  installation  and  equipment  costs.  This  is  warranted  because 
the  required  degree  of  effluent  removal  is  increasing  continually.  Public 
nuisance  complaints  often  occur  even  when  the  effluent  concentration  dis- 
charged to  the  atmosphere  is  below  the  permissible  limits  of  concentration 
and  visibility.  Plant  location,  contaminants  involved  and  meteorological 
conditions  of  the  areas  must  be  evaluated  in  addition  to  existing  regulations 
or  codes  of  good  practice. 

Air  cleanliness  must  be  of  the  highest  order  where  cleaned  air  is  recircu- 
lated  to  the  workroom.  Such  recirculation  is  considered  poor  practice  and 
is  prohibited  by  many  states  where  toxic  materials  are  involved,  except  for 
those  cases  where  discharge  to  atmosphere  is  impossible  or  decidedly  im- 
practicable. Where  air  is  recirculated,  air  contamination  must  not  exceed 
the  established  maximum  allowable  concentrations  listed  in  Chapter  8. 
Usual  requirements  are  a  fraction,  often  f  to  §,  of  this  standard,  depending 
on:  State  involved,  air  quantities  recirculated  in  relation  to  the  cubical 
content  of  working  space,  and  the  presence  of  other  exhaust  systems  dis- 
charging to  the  atmosphere. 

FACTORS  AFFECTING  SELECTION 

Selection  of  a  dust  collector  for  a  given  application  requires  an  evaluation 
of: 

1.  Dust  load  and  particle  size  of  the  contaminant. 

2.  Degree  of  removal  required. 
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3.  Conditions  of  air  or  gas  stream  with  reference  to  temperature ,  moisture  con- 
tent j  and  chemical  composition. 

4.  Characteristics  of  contaminant  whether  corrosive,  sticky,  packing,  and  its  spe- 
cific gravity,  particle  size  and  shape. 

5.  Methods  of  disposal  or  salvage  that  meet  the  conditions  imposed  by  material, 
process,  or  plant  location. 

With  the  range  of  variables  that  must  be  considered,  selection  of  proper 
dust  collection  equipment  is  based  largely  on  experience,  and  manufacturers 
of  such  equipment  should  be  consulted  for  their  recommendations. 

TYPES  AND  APPLICATION  OF  DUST  COLLECTORS 

Dust  collectors  are  available  In  a  multiplicity  of  designs,  frequently  in- 
volving more  than  one  principle  of  operation.  Basic  principles  of  operation 
are  described  in  following  sections.  Manufacturers  of  various  types  can  be 
found  in  the  catalog  section  of  THE  GUIDE,  or  in  handbooks  featuring  such 
equipment. 

Electrostatic  Dust  Precipitators 

Electrostatic  dust  and  fume  collectors  differ  materially  from  the  low 
voltage  designs  described  in  Part  I  of  this  chapter,  although  the  principles, 
methods  _  of  operation  and  efficiencies  are  similar.  For  dust  collector 
loads,  it  is  obvious  that  more  severe  demands  are  made  upon  methods  of 
cleaning  the  collector,  disposal  of  dust  accumulations  and  servicing  prac- 
tices. Low  voltage  cleaners  to  date  do  not  have  sufficient  inherent  dust 
holding  capacity*  One  exception  in  the  field  of  exhaust  systems  is  that  of 
the  oil  mist  collector,  which  functions  satisfactorily  with  the  conventional 
low  voltage  type  electrostatic  precipitator. 

The  heavy  duty  dust  collectors  employ  an  assembly  of  parallel  collector 
electrodes  of  various  constructions,  including  corrugated  plate,  rod  curtains 
or  perforated  plate.  Air  flow  is  usually  horizontal,  although  special  con- 
struction may  permit  vertical  air  flow.  The  earlier  high  voltage  collectors 
were  made  in  the  form  of  vertical  pipes,  and  are  still  used  for  high  operating 
pressures  and  for  wet  collector  designs  where  water  continuously  flows  down- 
ward inside  the  pipe  walls  of  the  collector  electrode.  The  negative  dis- 
charge electrodes  or  rods  are  accurately  centered  between  the  usual  9  in. 
collector  electrode  spacing,  the  latter  being  of  positive  charge.  Precipita- 
tion ^occurs  in  a  single  stage,  wherein  ionization  and  collection  are  carried 
on  simultaneously  throughout  the  unit  and  depend  on  high  potentials  of 
60,000  to  75,000  volts.  ^  The  two-stage  type  which  has  the  added  primary 
stage  of  ionizer  and  receiving  electrodes,  however,  fulfills  some  needs  better 
than  the  single  stage  type. 

High  efficiencies  are  obtained  by  allowing  suitable  time  for  contact  in  the 
collector  zone,  and  by  proper  ratio  of  air  flow  velocity  to  that  of  transverse 
velocity  of  the  negatively  charged  particles  toward  the  positive  charged 
collector  plates.  Air  velocities  vary  from  4  fps  to  8  fps  with  negligible 
pressure  drops. 

Attention  should  be  directed  to  the  prohibition  of  air  recirculation  to 
occupied  spaces.  High  voltage  cleaning  equipment  produces  ozone  in  ex- 
cessive quantities  and,  in  addition,  develops  oxides  of  nitrogen. 

^  Collector  electrode  cleaning  is  conveniently  managed  by  a  rapping  device, 
either  electrical  or  pneumatic,  without  interrupting  operation.  The  dry 
plate  surfaces  release  the  dust  readily  into  hoppers  below  the  plates. 

^  For  longer  than  two  decades,  electrical  precipitators  of  the  heavy  duty 
high  voltage  type  have  been  used  for  the  control  of  hazardous  materials 
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and  for  nuisance  abatement.  They  have  been  applied  to  flite  gases  from 
cement  kilns,  smelters  and  paper  plants;  to  exhaust  systems  serving 
crushers,  grinders  and  conveyors;  to  chemical  and  metal  working  plants; 
and  to  many  pulverized-fuel,  fly-ash  applications.  To  date,  precipitators 
have  been  used  principally  for  elevated  temperature  installations  and  dry 
products  that  are  free  of  condensation  or  dampness. 

Fabric  Collectors 

Dust  collectors  in  this  gronp^  often  known  as  cloth  dust  arresters  or  doth 
filters,  remove  dust  by  passing  air  at  low  velocity  through  a  filter  material. 
Cotton  cloth  is  the  usual  material,  although  wool,  glass,  asbestos,  and  metal 
screen  are  sometimes  employed.  Filter  velocities  depend  on  dust  concen- 
tration, particle  size,  and  permissible  vibration  interval.  Normally  at 
about  3  fpm.,  they  often  are  reduced  to  1  fpm  or  lower  where  heavy  dust 
loads  of  very  fine  material  are  involved.  Velocities  in  excess  of  6  fpm  are 
seldom  used,  except  in  automatically  vibrated  sectional  collectors  where 
velocities  as  high  as  20  fpra  are  frequently  employed. 

Collection  efficiency  is  high,  even  for  low  micron  dust  sizes,  when  the 
collector  is  properly  maintained.  As  collected  material  builds  up  on  filter 
surfaces,  increasing  the  resistance  to  air  flow,  such  a  system  must  be  stopped 
at  4  to  8  hour  intervals  so  that  the  dust  load  can  be  vibrated  from  the  filter 
surfaces  to  reduce  the  pressure  loss. 

Filter  cloth  is  supported  in  the  form  of  envelopes  or  bags  in  a  suitable 
steel  housing.  Space  requirements  are  quite  large,  generally  necessitating 
an  outdoor  location.  Pressure  drop  is  normally  2  to  4  in.  water  column. 
Material  is  collected  dry.  Fabric  arresters  are  limited  to  applications  where 
air  is  above  the  dew-point,  as  condensation  packs  the  collected  material  with 
resultant  high  pressure  drop  and  prevents  removal  by  vibration.  Tem- 
peratures should  not  exceed  180  F  for  cotton,  200  F  for  wool. 

Wet  Colectors 

In  a  wet  dust  collector,  the  contaminant  is  brought  into  contact  with  a 
liquid,  usually  water,  for  removing  the  dust  from  the  gas  stream.  The 
various  available  designs  represent  combinations  of  methods  that  make 
cataloging,  according  to  principles,  pressure  drop,  or  efficiency,  difficult. 
Wet  type  dust  collectors  have  the  ability  to  handle  high  temperature  and 
moisture  laden  gases.  The  collection  of  dust  in  a  wetted  form  eliminates  a 
secondary  dust  problem  in  disposal  of  collected  material.  However,  the 
use  of  water  may  introduce  corrosive  conditions  within  the  collector,  and 
freezing  protection  may  be  necessary  if  collectors  are  located  outside  in  cold 
climates.  Space  requirements  are  nominal.  Pressure  losses  and  collection 
efficiency  vary  widely  with  design. 

1.  Static  Washers.  These  units,  unlike  most  air  washers,  are  designed  to  handle 
heavy  concentrations  of  dust.  Both  scrubber  and  eliminator  plates  (each  having 
flooding  nozzles)  are  employed  in  addition  to  the  bank  of  sprays  ahead  of  the  scrubber 
plates,  and  2  banks  of  opposed  sprays  located  ahead  of  the  eliminators.  A  hopper- 
bottom  tank  with  recirculating  pump  completes  the  assembly.  Pressure  drop  is 
about  J  to  J  in.  of  water.  Spray  towers  can  be  placed  in  this  same  group,  as  they 
consist  of  a  tower  structure  with  various  nozzle  arrangements,  and  usually  include 
an  eliminator  section  at  the  top. 

Wet  glass  cell  washers  have  special  sprays  playing  on  filter  cells  filled  with  J.ber- 
glass  or  other  filter  media.  Flooded  eliminator  plates  are  used  to  remoye  free  mois- 
ture from  the  air  stream.  Pressure  drop  is  about  f  in.  of  water,  and  the  length  of  the 
unit  is  comparable  to  that  of  a  single  stage  air  washer.  'Applications  are  usually 
limited  to  low  dust  concentrations. 
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2.  Packed  Towers.    Collectors  in  this  group  are  essentially  contact  beds  through, 
which  gases  and  liquids  pass  either  concurrently,  counter-currently,  or  in  cross  flow? 

and  are  used  primarily  for  nuisance  abatement  of  highly  corrosive  contaminants. 
The  liquid  usually  enters  at  the  top  of  the  tower,  while  the  gases  may  enter  at  the  top, 
at  the  bottom,  or  through  an  open  side. 

Water  flow  rates  of  5  to  10  gpm  per  1000  cfm  (70  F  volume)  are  distributed  fre- 
quently through  V-notched  ceramic  or  plastic  weirs.  High  temperature  deterioration 
is  avoided  by  use  of  brick  linings  permitting  1600  F  gases  direct  from  furnace  flues. 

Alr^  flow  pressure  loss  for  four-foot  beds  ^of  irregular  shaped  materials,  such  as 
ceramic  saddles  or  coke,  range  from  IJtoSJ  in.  wg,  with  respective  face  area  veloc- 
ities of  approximately  200  to  300  fpm. 

3.  Wet  Centrifugal.    A  number  of  designs  utilize  a  combination  of  centrifugal  force 
and  water  contact  to  effect  collection.    In  designs  of  this  group,  collector  is  cylindrical 
In  either  the  shape  of  a  tower  or  with  the  axis  horizontal.    Air  is  introduced  tan- 
gentlally,  and  frequently  directed  counter -current  to  flow  of  water  by  baffles  or  direc- 
tional plates.    Water  may  be  brought  into  contact  with  the  dust  particles  by  keeping 
collector  surfaces  washed  by  spray  nozzles,  by  induced  water  picked  up  by  the  air, 
or  by  fall  of  water  due  to  gravity.    Pressure  losses  range  from  2J  to  6  in. 

4.  Dynamic  Precipitator.    This  type  uses  water  sprays  within  a  fan  housing,  and 
obtains  precipitation  of  the  dust  particles  on  the  wetted  surfaces  of  an  impeller  with 
special  fan  blade  shape.    No  external  pressure  drop  Is  Involved,  although  mechanical 
efficiency  is  somewhat  lower  than  the  mechanical  efficiency  of  standard  exhaust  fans. 

5.  Orifice  Type.    In  this  type  the  air  flowing  through  the  collector  Is  brought  in 
contact  with  a  sheet  of  water  in  a  restricted  passage.    Water  flow  may  be  Induced  by 
the  velocity  of  the  air  stream,  or  maintained  by  pumps  and  weirs.    Pressure  losses 
vary  from  1  in.  or  less  In  water  wall  spray  booth  collector  designs,  to  from  3  to  6  In.  In 
most  industrial  collector  arrangements.    Pressure  losses  as  high  as  20  in.  are  used  with 
some  collectors  designed  to  collect  very  small  particles. 

6.  Disintegrator.    This  type  of  unit  generally  consists  of  one  or  more  stages,  and 
is  largely  used  for  cleaning  producer,  blast  furnace,  or  other  gases  where  the  gas  is  to 
be  used  in  engines  and  must  be  practically  free  of  dirt.    The  spray  is  generally  in  the 
fan  inlet,  and  elimination  is  effected  largely  on  the  fan  blades  and  also  on  the  surfaces 
beyond. 

A  special  two-element  fan  is  used;  the  air  with  its  dust  content  and  water  spray 
enters  one  side  of  the  wheel  and  is  discharged  from  the  inlet  of  the  other  wheel.  As 
the  air  passes  through  the  cyclonic  chamber,  a  high  degree  of  scrubbing  action  takes 
place. 

Relatively  high  pressure  losses  are  encountered  with  resulting  high  horsepower 
requirements. 

CENTRIFUGAL  DUST  COLLECTORS 

Centrifugal  collector  design  can  be  divided  into  four  groups  according 
to  their  effectiveness  in  removal  of  smaller  dust  particles. 

1.  Cyclone  Collector.    This  type  is  commonly  applied  for  the  removal  of  coarse 
dusts  from  an  air  stream,  as  a  precleaner  to  more  efficient  dry  or  wet  dust  collectors, 
or  as  a  separator  in  product  conveying  systems  using  an  air  stream  to  transport 
material.    Principal  advantages  are  low  cost  and  low  pressure  drop  (f  to  1-J  in.  water) 
but  this  type  cannot  be  used  for  high  efficiency  collection  of  fine  particles. 

2.  High  Efficiency  Centrifugal  Collectors.    These  have  been  developed  to  obtain 
higher  centrifugal  force  action  on  dust  particles  in  a  gas  stream.    Centrifugal  force 
is  a  function  of  peripheral  velocities  and  angular  acceleration,  and  Improvement  in 
dust  separation  efficiency  has  been  obtained  by  (a)  increasing  velocities  through  a 
cyclone  shaped  collector;  (b)  utilizing  a  skimmer  or  other  design  feature;  (c)  using 
a  number  of  small  diameter  cyclones  in  parallel,  and  (d)  in  some  unusual  applications, 
by  placing  units  in  series. 

While  such  collectors  dp  not  generally  reach  an  efficiency  on  small  particles  equal 
to  that  of  the  electro-static,  fabric  or  some  wet  type  units,  their  effective  collection 
range  is  extended  appreciably  beyond  that  of  the  conventional  cyclone*  Pressure 
losses  of  collectors  in  this  group  range  from  3  to  8  in.  water  column. 

3.  Dry  Type  Dynamic  Precipitator.    In  this  type  dust  is  precipitated  by  centrifugal 
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force  upon  specially  shaped  blades  of  an  exhauster  wheel,  and  then  conveyed  through 
a  dust  circuit  In  the  fan  casing  to  the  dust  storage  hopper. 

4.  Cinder  Catching  Fan,  This  is  a  special  type  of  collector  in  which  removal  of 
solids  is  effected  by  a  slotted  scroll.  It  is  a  fan  unit  which  is  often  used  for  the  dual 
purpose  of  dust  removal  and  induced  draft  service. 

SETTLMG 

While  it  would  be  possible  in  theory  to  remove  dust  by  settling  in  a  large 
chamber  when  conveying  velocities  are  reduced  to  the  point  where  the 
particles  would  no  longer  be  held  in  suspension,  such  devices  have  little 
practical  application  in  dust  collecting  equipment.  Extreme  space  require- 
ments and  the  presence  of  eddy  currents  may  nullify  the  effective  veloc- 
ity. The  settling  chamber  type  of  collector  can  therefore  be  used  only  for 
removal  of  extremely  coarse  particles.  Pressure  drop  should  be  J  to  f  in. 
water  column,  plus  that  necessary  to  accelerate  the  air  motion  to  the  re- 
quired conveying  velocity  at  discharge  of  the  settling  chamber. 

TESTING  METHODS 

Methods  of  determining  the  performance  of  industrial  air  cleaning  de- 
vices will  depend  upon  the  nature  of  the  air  contaminant,  its  quantity,  the 
required  accuracy  of  the  test,  and  the  type  of  air  cleaning  device.  The 
technics  used  in  collecting  the  samples  are  the  same  as  those  utilized  in  the 
field  of  industrial  hygiene. 

The  tests  may  be  facilitated  by  feeding  uniformly  a  known  amount  of  the 
material  to  be  removed.  The  performance  efficiency  may  be  calculated 
from  the  amount  of  material  introduced,  the  quantities  of  air  involved,  the 
amount  of  material  intercepted  and  the  quantity  that  escapes.  When  it  is 
necessary  to  test  the  device  under  actual  use,  the  material  entering  and 
leaving  must  be  sampled  simultaneously  over  a  sufficiently  long  period  of 
time  to  collect  an  adequate  amount  for  analysis.  If  feasible,  the  quantity 
of  material  removed  by  the  cleaning  device  during  the  test  period  should 
also  be  determined. 

Unusual  care  must  be  exercised  in  collecting  the  samples  to  insure  that 
the  sampling  areas  selected  are  actually  representative  of  the  material  enter- 
ing and  leaving  the  cleaning  device.  With  gases,  vapors  and  fresh  fumes, 
this  problem  is  not  great.  On  the  other  hand,  mists,  dusts  and  aged  fumes 
may  present  considerable  trouble.  When  the  material  is  confined  in  a  duct 
system,  it  is  common  practice  to  collect  the  sample  along  the  center  line. 
The  sampling  tube  is  located  parallel  with  and  facing  the  flow.  The 
sampling  velocity  should  be  approximately  the  same  as  the  air  velocity  in 
the  duct.  With  large  ducts  it  may  be  desirable  to  make  traverse  tests  to 
locate  an  optimum  sampling  position. 
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CHAPTER  34 

SPRAY  APPARATUS 

Air  Washers,  Hurnidlficatlon  with  Air  Washer,  Dehumidificatlcra  and  Cooling  with 
Air  Washers,  Wei!  and  Water  Main  Temperatures,  Apparatus  for  Direct 
Humidification,  Unit  Humidifiers,  Water-Cooling  Towers,  Water  Use 
and  Conservation,  Rivers  and  Lakes,  Spray  Cooling  Ponds,  Atmos- 
pheric and  Mechanical  Draft  Cooling  Towers,  Mechanics  of  At- 
mospheric Water-Cooling,  Design  Conditions,  Water-Cooling 
Tower  Design,  Selection  of  Water-Cooling  Towers, 
Operation  and  Maintenance 

A[R  humidlfication  is  effected  by  the  vaporization  of  water,  and  always 
requires  heat  from  some  source.  This  heat  may  be  added  to  the 
water  prior  to  the  time  vaporization  occurs,  or  it  may  be  secured  by  a 
transformation  of  sensible  heat  of  the  air  being  humidified  to  latent  heat 
as  the  vapor  is  added  to  the  air.  The  thermodynamics  of  the  process  are 
discussed  in  Chapter  3.  The  removal  of  moisture  from  air  may,  or  may 
not,  involve  the  removal  of  heat  from  the  air-vapor  mixture.  With  spray 
equipment,  dehumidification  of  air  always  necessitates  the  removal  of  heat. 

AIR  WASHERS 

An  air  washer  consists  essentially  of  a  chamber  or  casing  in  which  is 
provided  a  spray  nozzle  system,  a  tank  at  the  bottom  of  the  chamber  for 
collecting  the  spray  water  as  it  falls,  and  an  eliminator  section  at  the 
leaving  end  of  the  chamber  for  removal  of  drops  of  entrained  moisture 
from  the  delivered  air.  Air  is  drawn  through  the  casing  of  the  washer, 
where  it  comes  into  intimate  contact  with  the  spray  water.  A  heat 
transfer  takes  place  between  the  air  and  water,  resulting  in  either  humi- 
dification or  dehumidification  of  the  air,  depending  upon  the  method  of 
operation  and  the  relative  temperatures  of  air  and,  spray  water; 

To  prevent  backlash  of  spray  ahead  of  the  washer  chamber,  and  to  aid 
in  more  uniform  air  distribution,  inlet  diffusion  plates  or  eliminator 
baffles,  where  necessary,  are  provided  in  the  air  entrance  end  of  the  air 
washer.  Inlet  diffusion  plates  are  used  when  the  air  flow  and  water  spray 
are  in  the  same  direction;  eliminator  baffles  of  special  design  are  used 
where  one  or  more  of  the  water  sprays  opposes  the  air  flow.  At  the 
outlet  end  of  the  washer  suitable  flooded  eliminator  plates  are  used. 
These  plates,  for  the  removal  of  entrained  moisture,  usually  cause  four 
•to  six  changes  in  direction  of  the  air  flow. 

Figs.  1  and  2  show  the  essential  construction  features  of  conventional 
air  washers.  Intimate  contact  between  the  air  and  the  water  is  secured 
(1)  by  breaking  the  water  into  fine  drops,  (2)  by  passing  the  air  over  sur- 
faces continuously  wetted  by  water,  or  (3)  by  a  combination  of  the  two. 

The  wetted  surfaces  in  an  air  washer  may  be  of  fiber  glass,  metal  or 
scrubber  plate  .construction.  Scrubber  plate  types  of  washers  are  generally 
used  to  wash  reclaimable  products  from  the  air,  and  are  composed  of 
several  baffle  type  plates  located  across  the  air  stream.  Water  is  supplied 
at  the  top  of  the  washer  to  spray  over  these  plates.  In  the  case  of  the 
.fiber  glass  or  metal  surfaces,  the  water  spray  is  usually  rather  coarse  and  at 
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low  pressure.  In  many  cases  these  sprays  are  set  at  an  angle  with  the  air 
flow.  Air  washers  of  this  type  not  only  perform  necessary  heat  transfer 
functions,  but  also  are  effective  removers  of  dust  and  dirt  from  the  air 
stream. 

Essential  requirements  In  the  air  washer  operation  are :  uniform  distri- 
bution of  the  air  across  the  chamber  section;  moderate  air  velocity  of 
from  250  to  600  fpm  in  the  washer  chamber;  an  adequate  amount  of 
spray  water  broken  up  into  fine  droplets  throughout  the  air  stream,  at 
pressures  of  from  15  to  30  psig;  sufficient  length  of  travel  through  the 
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water  spray  and  wetted  surfaces;  and  the  elimination  of  entrained  mois- 
ture from  the  outlet  air. 

Expected  performances,  physical  size,  length,  number  of  sprays,  etc., 
vary  greatly,  depending  upon  the  functions  of  the  installation.  In  general, 
the  width  and  height  of  an  air  washer  are  dictated  by  the  space  available. 
Washers  of  nearly  equal  height  and  width  are  desirable  from  an  air  flow 
and  economic  standpoint,  although  not  necessary.  The  length  of  washers 
varies  considerably.  A  space  of  approximately  2|  ft  between  spray  banks 
is  used,  and  the  first  and  last  banks  of  sprays  are  located  about  1  ft  to  1%  ft 
from  the  entering  or  leaving  end  of  the  washer.  In  addition,  air  washers 
are  very  often  furnished  with  cooling  coils  or  heating  coils  within  the  washer 
chamber,  and  the  use  of  these  coils  affects  the  overall  length  of  the  washer. 

Where  increase  of  overall  heat  transfer  between  the  air  and  water  is 
required,  multistage  washers  are  used.  These  washers  are  equivalent  to 
a  number  of  washers  in  series,  and  the  water  is  often  pumped  from  one 
stage  to  the  other  where  conditions  permit. 

The  resistance  to  air  flow  through  an  air  washer  varies  with  the  type 
of  eliminator  and  wetted  surfaces,  number  of  banks  of  spray  and  their 


Spray  Apparatus  711 

direction,  air  velocity  ?  size  and  type  of  other  resistances  such  as  cooling 
and  heating  coils,  and  other  factors  such  as  air  density.  Resistances  vary 
from  as  low  as  i  in.  to  higher  than  1  in,  water  column,  and  it  is  therefore 
necessary  that  the  manufacturer  be  consulted  in  regard  to  the  resistance  of 
any  particular  washer  design  involved. 

HDMTOmCATION  WITH  AIR 

Air  humidification  can  be  accomplished  in  three  ways  with  an  air  washer. 
These  are:  (1)  use  of  recirculated  spray  water  without  prior  treatment  of 
the  air,  (2)  preheating  the  air  and  washing  it  with  recirculated  spray  water, 
and  (3)  using  heated  spray  water.  In  any  air  washing  installation  the  air 
should  not  enter  the  washer  with  a  dry-bulb  temperature  less  than  35  F 
in  order  to  eliminate  danger  of  freezing  the  spray  water. 

Method  1.  Except  for  the  small  amount  of  energy  added  from  outside 
by  the  recirculating  pump  in  the  form  of  shaft  work,  and  for  the  small 
amount  of  heat  leak  from  outside  into  the  apparatus,  including  the  pump 
and  its  connecting  piping,  the  process  would  be  strictly  adiabatic. 
Evaporation  from  the  liquid  spray  would  therefore  be  expected  to  bring 
the  air  immediately  in  contact  with  it  to  saturation  adiabatically;  and, 
since  the  liquid  is  recirculated,  its  temperature  would  be  expected  to 
adjust  to  the  thermodynamic  wet-bulb  temperature  of  the  entering  air. 

It  does  not  follow  from  the  foregoing  reasoning  that  the  whole  air  stream 
is  brought  to  complete  saturation,  but  merely  that  its  state  point  should 
move  along  a  line  of  constant  thermodynamic  wet-bulb  temperature  as 
explained  in  Chapter  3.  The  extent  to  which  the  final  temperature 
approaches  the  thermodynamic  wet-bulb  temperature  of  the  entering  air, 
or  the  extent  to  which  complete  saturation  is  approached,  is  conveniently 
expressed  by  a  ratio  known  as  humidifying  effectiveness  or  saturating 
effectiveness,  and  is  defined : 

"I  ~"  *2  /«  \ 

eh  =  .  _./  (1) 

where 

eh  —  humidifying  effectiveness,  per  cent. 

ti   =  dry-bulb  temperature  of  the  entering  air,  Fahrenheit  degrees. 
ti  =  dry-bulb  temperature  of  the  leaving  air,  Fahrenheit  degrees. 
t1  =  thermodynamic  wet-bulb   temperature   of  the    entering    air,   Fahrenheit 
degrees. 

The  following  may  be  taken  as  representative  humidifying  or  saturating 
effectiveness  of  an  air  washer  for  the  conditions  stated: 

1  bank— downstream 60-70  per  cent 

1  bank— upstream 65-75  per  cent 

2  banks — downstream 85-90  per  cent 

2  banks — 1  upstream  and  1  downstream 90-95  per  cent 

2  banks— upstream 90-95  per  cent 

The  humidifying  or  saturating  effectiveness  of  a  washer  is  dependent 
upon  the  essential  items  of  design  mentioned  under  Air  Washers.  Other 
conditions  being  the  same,  low  velocity  of  air  flow  is  more  conducive  to 
higher  humidification  effectiveness, 

Method  8.  The  preheating  of  the  air  increases  both  the  dry-  and  wet- 
bulb  temperatures,  lowers  the  relative  humidity,  but  does  not  alter  the 
humidity  ratio  (pound  water  vapor  per  pound  dry  air).  At  a  higher  wet- 
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TABLE  1.    AVERAGE  MAXIMUM  WATER  MAIN  TEMPERATURES* 


STATS 

CITY 

'* 

I 
5 

1 

j  STATE 
I 

CITY 

fas 

E 

S 

f-i 

STATE 

ClTT 

C=» 

;£ 

1 

Ala 

Sirmingliam 

84 

i 
Mass. 

Boston  

RO 

Tulsa  

88 

Mobile 

<?o 

O<iiB.bridg6 

70 

Ore 

JbJUgSUG 

60 

Ark. 

Little  Rock 

8fi 

Fall  River 

7fi 

Portland 

65 

Ariz. 

Phoenix  

8? 

Lowell  

50 

Pa. 

Altoona  .  . 

74 

Tucson 

RO 

Lynn          

68 

Erie 

75 

Calif. 

Anaheim.    

no 

New  Bedford  

70 

Johnstown  . 

74 

Berkeley 

w 

Salein  

68 

McKeesport 

82 

Fresno.         

so 

Worcester  

7fi 

Philadelphia  ,. 

85 

Fullerton 

75 

Mich. 

Detroit  . 

77 

Pittsburgh 

86 

Glendale 

68 

Flint  

70 

R.I. 

Providence 

68 

I/os  Angeles 

80 

Grand  Rapids 

84 

S.  C, 

Charleston 

83 

Oakland            ,.   .. 

m 

Highland  Park  .  .  . 

77 

Greenville 

81 

Ontario 

70 

Jackson  . 

55 

S  partanb  urg 

78 

Pasadena 

R» 

Kftlaraa^oG 

59 

S.  D. 

Rapid  City 

651 

"PoTQOQRr 

75 

Lansing 

64 

Tenn 

Chs,ttanoo£r& 

84 

Riverside          .   . 

78 

Saginaw  , 

8? 

KnoxvUle 

90 

Sacramento 

79 

Minn. 

Duiuth 

55 

M^rnpbfe 

85 

San  Bernardino 

65 

Minneapolis  ........ 

R5 

Nashville 

90 

San  Diego  

84 

St.  Paul  

80 

Texas 

ATnarillOi     ^          t   * 

70 

San  Francisco 

71 

Mo. 

Jefferson  City 

8fl 

Austin 

90 

Whittier  

75 

Kansas  City  .  , 

84 

"Beaumont 

86 

Colo 

Denver 

75 

Springfield      .     ... 

a? 

Dallas 

86 

Conn. 

Bridgeport  . 

fifi 

St.  Joseph  

84 

El  Paso        

85 

Hartford...  

73 

St.  Louis  

8,5 

Fort  Worth  

85 

New  Haven    .  . 

7fi 

Springfield  

74 

Oalveston    .... 

90 

Waterb  ury 

79 

Nebr. 

Lincoln 

7ft 

Houston 

83 

B.C. 

WpsMpgtfvrV     , 

84 

Omaha  ,  

85 

Port  Arthur 

83 

Del 

Wilminsfton 

83 

Nev 

Reno 

70 

San  Antonio 

78 

Fla. 

Jacksonville 

86 

N.H. 

Manchester        .... 

7fi 

Wichita  Falls 

85 

8?, 

N.  J. 

Jersey  City  

B3 

Utah 

Logan  

44 

Tampa 

77 

Newark      .   .... 

75 

Salt  Lake  City 

65 

Ga* 

Atlanta  

85 

Paterson  

78 

Va. 

Fr^dfincksbTirg 

75 

Jkfacon            . 

80 

Trenton       

7ft 

Lynchburg 

7S 

Idaho 

Boise 

60 

N.  Y. 

Albany  

fi8 

Norfolk..  .  

80 

HI 

Chicago 

78 

Buffalo 

78 

Richmond 

85 

Cicero  

76 

Jamaica  

5fi 

Wash. 

Olympic      .... 

58 

}£  vans  ton 

73 

Mt.  Vernon 

74 

Seattle 

62 

Moline  

83 

New  Rochelle  

75 

Spokane    

51 

Peoria  

R7 

New  York  

7? 

Tacoma.  .'  

57 

Rockford 

59 

Rochester.     .  .     ... 

70 

W.Va. 

Charleston    . 

85 

Springfield  

R?, 

Schenectady  

no 

78 

lad. 

Evansville 

88 

Syracuse       

74 

Wheeling  

78 

Gary  

75 

Utica    

fifl 

Wis. 

LaCrosse  

54 

Indianapolis 

H4 

Yonkers  

70 

Madison       

58 

South  Bend 

61 

N.  C. 

Asheville    

74 

75 

Terre  Haute 

8? 

Charlotte 

85 

Racine  .          .... 

fi8 

Iowa 

Cedar  Rapids  

78 

Raleigh  

92 

15  es  !Moines 

77 

Wi  T^stOTTl-Ss.^""! 

8?, 

Sioux  City 

63 

N.  M. 

fi5 

PBOV- 

K*m8 

Ooncordia 

57 

Ohio 

\kron 

7fi 

INCB 

Kansas  City  

86 

Canton  

50 

Topeka  

Wichita  . 

88 
7? 

Cincinnati  
Cleveland    

H4 
77 

Alta. 

Calgary  

•  f>4 

Kv 

Louisville 

85 

O°l  \irnfo  us 

84 

B.  C. 

Vancouver  .  .  

fiO 

jcxy. 

La. 

Baton  Rouge 

85 

Dayton 

fiO 

Out. 

London  

,50 

New  Qrleans  .  , 

qo 

LaKewQod  

8? 

Toronto.   

63 

Sbreveport 

88 

Springfield    .      ... 

73 

P.E.I  . 

Charlottetown  

48 

Me. 

Augusta, 

60 

Toledo      

88 

Que. 

Montreal  

78 

Md 

"Bftl  ti  "more 

75 

Okla 

Oklahoma  City 

8? 

Quebec 

68 

a  These  averages  taken  from  various  city  water  main  locations,  with  some  actual  values  slightly  higher 
and  some  lower  than  values  shown.    Some  values  were  supplied  by  H.  E.  Degler,  Marley  Company.    Som« 
were  obtained  from  City  Water  Department  records.    The  highest  values  given  by  the  various  authorities 
are  usually  those  listed. 

bulb  temperature,  but  the  same  humidity  ratio,  more  water  can  be  ab- 
sorbed per  pound  of  dry  air  in  passing  through  the  washer,  assuming 
that  the  humidifying  effectiveness  of  the  washer  is  not  adversely  affected 
by  operation  at  the  higher  wet-bulb  temperature.  The  analysis  of 
the  process  occurring  in  the  washer  itself  is  the  same  as  that  explained 
under  Method  1.  The  final  desired  conditions  are  secured  by  adjusting 
the  amount  of  preheating  to  give  the  required  wet-bulb  temperature 
at  entrance  to  the  washer. 

Method  S.    Even  if  heat  is  added  to  the  spray  water,  the  mixing  occur- 
ring in  the  waster  itself  may  'still  be  regarded  as  adiabatic.  *  The  state 
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point  of  the  mixture  should  move  In  a  direction  determined  by  the  specific 
enthalpy  of  the  heated  spray  as  explained  in  Chapter  3.  It  is  possible, 
by  elevating  the  water  temperature,  to  raise  the  air  temperature,  both 
dry-bulb  and  wet-bulb,  above  the  dry-bulb  temperature  of  the  entering  air. 
In  each  of  the  methods,  1,  2  or  3,  the  air  leaving  the  air  washer  may 
require  reheating  to  produce  in  the  conditioned  space  the  required  dry- 
bulb  temperature  and  relative  humidity. 

DEHUMIDIFICATION  AND  COOLING  WITH  AIR  WASHERS 

Cooling  of  the  wet-bulb  temperature  of  an  air  vapor  mixture  can  be 
accomplished  by  an  air  washer  If  the  temperature  of  the  spray  water  is 
lower  than  the  wet-bulb  temperature  of  the  air.  Moisture  removal  is 
obtained  when  the  spray  water  temperature  is  lower  than  the  dew-point 
of  the  entering  air.  In  these  cases  the  final  dry-bulb  temperature  and 
relative  humidity  of  the  leaving  air  are  dependent  upon  the  design  factors 
of  the  air  washer. 

Both  sensible  and  latent  heat  are  removed  in  the  process  of  delxumidi- 
fication  by  cold  spray  water.  Abstraction  of  sensible  heat  occurs  during 
the  entire  time  that  the  air  is  in  contact  with  the  spray  medium.  Latent 
heat  removal  takes  place  as  condensation  occurs.  Therefore,  the  lower 
the  spray  temperature,  the  greater  the  amount  of  moisture  removal  per 
pound  of  dry  air,  all  other  conditions  remaining  the  same. 

Washers  with  two  or  more  banks  of  spray  are  usually  selected  for 
dehumidlfying  installations,  whether  for  comfort  or  industrial  instal- 
lations. Generally  such  air  washers  cool  the  air  to  within  one  or  two 
degrees  (Fahrenheit)  of  the  leaving  spray  water  temperature;  this  dif- 
ferential will  increase  somewhat  when  the  difference  between  the  entering 
wet-bulb  and  leaving  dew-point  is  relatively  large. 

Where  a  limited  supply  of  cold  water  is  available,  multiple  stage  washers 
may  be  used  to  great  advantage.  In  such  washers  the  cool  water  is  pumped 
through  the  multiple  spray  systems  in  series  and  counterfiow  to  the  air 
flow.  Such  an  arrangement  brings  the  delivery  air  in  contact  with  the 
coldest  water,  securing  a  maximum  amount  of  cooling  and  saving  water. 

When  using  cold  well  water  or  water  from  city  water  mains,  care  should 
be  used  to  secure  accurate  data  on  the  water  temperatures.  Table  1  lists 
some  approximate  water  main  averages  which  may  be  used  as  a  guide,  but 
they  should  be  verified  from  local  records.  This  is  particularly  true  with 
city  water  main  temperatures.  In  the  case  of  well  water  temperatures, 
Fig.  3  shows  the  approximate  temperatures  of  water  to  be  expected  from 
wells  at  depths  of  30  to  60  ft. 

Air  washers  for  dehumidifying  and  cooling  usually  have  separate  reeircu- 
lating  pumps.  These  pumps  deliver  a  mixture  of  cold  and  reeirculated 
water  under  the  control  of  a  three-way  valve.  The  valve  may  be  actuated 
either  by  a  thermostat  in  the  washer  outlet,  or  by  a  humidity  or  other  con- 
troller in  the  space  being  conditioned. 

Air  washers  for  dehumidifying  are  very  often  furnished  with  direct 
expansion  or  water  cooling  coils  within  the  washer  space,  in  which  case 
water  for  the  washer  sprays  is  entirely  reeirculated. 

APPARATUS  FOR  DIRECT  HUMIDIFICATION 

Humidifiers  may  be  divided  into  two  general  types  which  are,  according 
to  the  method  of  operation:  (1)  indirect,  such  as  the  air  washer,  which 
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introduces  moistened  air;  and   (2)  direct,  which  sprays  moisture  into 
the  room  or  introduces  moisture  by  means  of  steam  jets. 

As  in  the  cases  of  humidification  by  use  of  an  air  washer,  the  heat 
necessary  for  the  vaporization  of  the  moisture  added  to  the  air  by  direct 
humidification  is  secured  either  from  heat  stored  in  the  spray  water  or  by 
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a  transformation  of  sensible  to  latent  heat  in  the  air  humidified.  In  the 
latter  case,  the  enthalpy  of  the  air  remains  constant,  but  the  city-bulb 
temperature  of  the  air  is  reduced. 

Direct  humidification  Is  usually  preferable  where  high  relative  humidi- 
ties must  be  maintained,  but  where  there  Is  little  cooling  or  ventilation 
required.  In  comfort  air  conditioning,  where  both  humidification  and 

ventilation  are  required,  the  indirect  humidifier  is  preferable.  In  indus- 
trial applications,  where  the  cooling  or  ventilation  load  Is  large  and  where 
very  high  relative  humidities  must  be  maintained,  a  combined  system 
employing  both  direct  and  Indirect  humidifiers  is  sometimes  used. 

Spray  Generation 

Spray  generation  is  obtained  by  (1)  atoinization,  (2)  Impact,  (3)  hy- 
draulic separation,  and  (4)  mechanical  separation, 

Atomization  involves  the  use  of  a  compressed  air  jet  to  reduce  the  water 
particles  to  a  fine  spray.  With  the  impact  method,  a  jet  of  water  under 
pressure  impinges  directly  on  the  end  of  a  small  round  wire.  Where 
hydraulic  separation  is  employed,  a  jet  of  water  enters  a  cylindrical  chamber 
and  escapes  through  an  axial  port  with  a  rapid  rotation  which  causes  It 
immediately  to  separate  In  a  fine  cone-shaped  spray.  In  the  mechanical 
separation  process,  water  is  thrown  by  centrifugal  force  from  the  surface 
of  a  rapidly  revolving  disc  and  separates  into  particles  sufficiently  small  to 
be  utilized  in  certain  types  of  mechanical  humidifiers. 

Spray  Distribution 

Spray  distribution  is  obtained  by  (1)  air  jet,  (2)  induction,  and  (3)  fan 
propulsion* 

The  air  jet  which  generates  the  spray  in  atomizers  also  carries  the  spray 
through  a  space  sufficient  for  its  distribution  and  evaporation,  and  this 
method  of  distribution  is  termed  air  jet.  Where  distribution  is  obtained 
by  induction,  the  aspirating  effect  of  an  impact  or  centrifugal  spray  jet  is 
utilized  to  induce  a  current  of  air  to  flow  through  a  duct  or  casing,  and 
this  air  current  distributes  the  spray.  Fan  propulsion  obviously  consists 
of  the  utilization  of  fans  to  entrain  and  distribute  the  spray. 

Industrial  type  direct  humidifiers  are  commonly  classified  as  (1)  atomiz- 
ing, (2)  high-duty,  (3)  spray  and  (4)  self-contained  or  centrifugal. 

Atomizing  Humidifiers.  Several  types  of  atomizing  humidifiers  employ 
nozzles  placed  within  the  room  and  rely  upon  compressed  air  to  effect  com- 
plete atomization  of  the  water  which  is  converted  to  vapor  by  the  heat 
of  the  room  air.  Some  of  these  nozzles  depend  upon  an  aspirating  effect 
to  draw  the  water  into  the  nozzle  and  atomize  it;  others  operate  on  a  com- 
bined air  and  water  pressure.  It  is  usual  for  nozzles  of  the  water  pressure 
type  to  be  controlled  by  a  diaphragm  valve  actuated  by  the  pressure  of  the 
atomizing  air. 

High-Duty  Humidifiers.  Water  is  supplied  under  high  pressure  (usually 
about  150  psi)  through  pipe  lines  from  a  centrally-located  pumping  unit. 
The  spray-generating  nozzle,  which  is  of  the  impact  type,  is  located  in  a 
cylindrical  casing.  A  drainage  pan  provides  for  the  collection  and  return 
of  unevaporated  water  which  flows  through  a  return  pipe  to  a  filter  tank, 
from  which  it  is  recirculated.  A  powerful  air  current  is  forced  through  the 
humidifier  by  means  of  a  fan  mounted  above  the  unit. 

The  air  enters  from  above,  is  drawn  through  the  head,  charged  with 
moisture,  and  cooled*  It  then  escapes  from  the  opening  below  at  a  high 
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velocity  in  a  complete  and  nearly  horizontal  circle.  The  spray  is  evapo- 
rated and  the  resulting  vapor  diffused.  This  distribution  of  fine  spray  over 
the  maximum  possible  area  promotes  complete  and  rapid  vaporization. 

Spray  Humidifiers.  This  type  consists  of  an  impact  spray  nozzle  in  a 
cylindrical  casing  with  a  drainage  pan  below  it.  The  aspirating  effect  of 
the  nozzle  induces  a  moderate  air  current  through  the  casing  which  dis- 
tributes the  entrained  spray.  The  general  method  of  circulating  and 
returning  the  water  is  similar  to  that  employed  for  Mgh-duty  humidifiers. 
A  suitable  pump  and  centrally-located  filter  tank  are  required. 

Self -Contained  Humidifiers.  The  self-contained  or  centrifugal  humidi- 
fier has  the  ability  to  generate  and  distribute  spray  without  the  use  of  air 
compressors,  pumps,  or  other  auxiliaries.  These  may  be  used  either  singly 
or  in  groups.  In  large  installations,  where  suitable  connections  are  pro- 
vided to  permit  the  cleaning  and  servicing  of  individual  units  without  af- 
fecting the  room  as  a  whole,  group  control  of  the  water  and  power  may  be 
employed. 

UNIT  HUMIDIFIERS 

The  term  unit  humidifier  denotes  an  assembly  of  elements  the  principal 
function  of  which  is  to  humidify.  The  essential  element  of  a  unit  humidi- 
fier is  an  atomizer  or  evaporator.  To  this  may  be  added  a  fan,  a  heater, 
outlet  vanes  or  diffusers,  and  a  housing  to  enclose  the  various  parts. 

Unit  humidifiers  fall  into  four  general  classifications,  depending  on  the 
method  of  causing  evaporation.  These  are  as  follows:  (1)  Nozzle  Type, 
(2)  Rotary  Type,  (3)  Cascade  Type,  and  (4)  Heater  Type. 

In  the  nozzle  type  of  humidifier  water  is  sprayed  into  the  air  and  evapo- 
ration is  effected  by  adiabatic  exchange  of  energy.  Units  of  this  type  in 
simplest  form,  spray  a  fine  mist  of  water  directly  into  the  air  in  a  space. 
They  are  used  to  a  great  extent  in  the  textile  industry. 

In  the  rotary  type  of  humidifier  the  spray  is  created  by  rotating  vanes  or 
discs  which  throw  the  water  by  centrifugal  force,  and  in  so  doing  break  it 
up  into  a  fine  mist.  In  all  other  respects,  this  type  of  humidifier  is  similar 
to  the  nozzle  type.  It  has  the  advantage  over  the  nozzle  type  of  being  less 
liable  to  become  clogged. 

In  the  cascade  type  the  humidification  takes  place  by  water  falling  in 
sheets  over  a  series  of  baffles  or  trays.  This  type  is  usually  furnished  with 
a  fan,  air  heater,  and  air  filter  all  enclosed  in  a  housing. 

In  the  heater  type  of  humidifier  the  water  is  heated  either  to  the  boiling 
point  or  to  a  temperature  at  which  the  water  vapor  readily  passes  into  the 
air  stream.  There  are  many  variations  of  this  type  of  humidifier.  In  the 
simplest  form  the  heating  element  using  steam,  hot  water,  gas,  oil,  or  elec- 
tricity is  placed  in  a  pan  or  vessel  of  water,  and  the  vapor  passes  from  the 
surface  of  the  water  to  the  stream  of  air. 

A  modification  of  this  type  of  humidifier  is  the  combination  of  spray 
nozzle  and  heater  type  in  which  the  water  is  sprayed  over  a  hot  surface  and 
evaporated.  It  has  the  disadvantage  of  accumulating  scale  on  the  surfaces 
of  the  vessel  or  heating  surface,  , 

WATER-COOLING  TOWERS 

The  removal  and  dissipation  of  heat  from  a  compressed  refrigerant  or 
from  exhaust  steam  are  important  factors  in  the  efficient  operation  of  a 
refrigerating  plant  or  an 'electric  steam-generating  station.  This  heat 
removal  is  generally  accomplished  by  first  transferring  the  heat  of  the  gas 
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to  cooling  water  in  a  heat  exchanger.  The  water,  if  cheap  or  plentiful, 
may  be  wasted  to  the  nearest  sewer  or  open  waterway,  such  as  a  river  or 
lake.  Where  water  usage  Is  restricted  or  expensive,  or  where  the  available 
water  contains  dissolved  salts  which  would  form  scale  on  the  heat-exchange 
apparatus,  it  Is  necessary  to  recirculate  the  water,  and  to  cool  It,  after  each 
passage  through  the  heat-exchanger,  by  contact  with  moving  air  in  some 
type  of  water-cooling  apparatus. 

Water  Use  and  Conservation 

Many  communities  have  found  that  present  water  systems  are  not 
sufficiently  large  to  satisfy  the  increasing  demands  of  domestic  and  industrial 
users.  The  reasons  for  such  shortages  are  primarily:  (a)  Inadequate 
purification  and  water-distribution  systems,  (b)  inadequate  sanitary  and 
storm-sewer  disposal  systems,  or  (c)  inadequate  sources  of  water. 

Even  when  an  adequate  supply  of  water  is  available  from  the  water 
mains  or  private  wells,  many  cities  do  not  have  sufficient  sanitary  or  storm 
sewer  facilities  to  handle  increasing  demands.  The  sanitary  systems  are 
usually  limited  because  of  the  capacity  of  the  filtration  plants,  and  therefore 
many  cities  restrict  the  use  of  the  sanitary  system  to  sewage. 

Rivers  and  Lakes 

Until  the  year  1920,  large  generating  stations  were  usually  located  on  the 
banks  of  rivers,  lakes,  or  artificial  ponds.  The  removal  and  dissipation  of 
the  heat  from  the  Diesel  cylinder  or  the  exhaust  steam  of  a  turbine  was 
accomplished  by  taking  in  the  circulating  water  at  a  considerable  distance 
from  the  discharge,  thus  preventing  mixing  of  the  heated  discharge  with 
the  inlet  water.  The  use  of  water  from  streams  for  this  purpose  has  the 
following  disadvantages :  the  site  may  be  far  removed  from  the  fuel  source 
or  from  power  consumers ;  water  supply  may  limit  plant  expansion ;  munici- 
pal restrictions  on  use  of  water  may  hamper  operation ;  costly  intake  struc- 
tures with  screens  and  sediment  basins  may  be  required ;  drastic  flood  or 
drouth  conditions,  the  vagaries  of  most  rivers,  upstream  pollution,  scale- 
forming  constituents,  debris,  sand,  algae,  and  formation  of  troublesome 
ice  may  cause  operating  difficulties. 

When  lakes  and  cooling  ponds  have  been  used  as  a  source  of  circulating 
water,  the  hot  water  is  discharged  close  to  the  surface  at  the  shore  line. 
Natural  air  movement  over  the  surface  of  the  water  causes  evaporation 
over  that  area,  thus  carrying  the  heat  away  at  a  rate  of  about  4  Btu 
per  (hr)  (sq  ft)  (F  deg  temp  difference  between  air  and  water).  Increased 
density  of  the  water  due  to  loss  of  heat,  causes  the  cooled  water  to  sink  to 
the  bottom  of  the  pond.  The  suction  connection  is  therefore  located  as 
far  below  the  surface  as  possible,  and  at  as  great  a  distance  from  the  dis- 
charge as  practicable.  The  area  required  by  such  cooling  ponds  is  about 
50  times  that  of  a  spray  pond,  or  about  1000  times  that  of  a  water-cooling 
tower  to  dissipate  the  same  quantity  of  heat  and  achieve  equal  operating 
costs.  If  the  surfaces  of  such  ponds  were  below  the  level  of  surrounding 
terrain,  and  the  shore  were  wind-sheltered  by  trees  or  other  vegetation,  so 
that  natural  air  movement  across  the  surface  of  the  water  would  be  re- 
tarded, the  use  of  a  spray  pond  or  water-cooling  tower  would  be  indicated. 

SPRAY  COOLING  PONDS 

The  spray  pond  consists  of  a  water  collecting  basin,  above  which  spray 
nozzles  are  located  in  an  arrangement  such  as  shown  in  Fig.  4  to  spray 
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the  water  upwards  into  the  air.  Properly  designed  spray  nozzles  break 
the  water  into  small  drops,  but  not  into  a  mist.  Since  the  objective  is  to 
cool  the  pond  water,  the  individual  drops  must  be  heavy  enough  to  fall 
back  into  the  pond  and  must  not  float  away  in  the  air.  The  water  surface 
exposed  to  the  air  passing  over  the  pond  becomes  the  integrated  area  of  all 
the  small  drops.  The  spray  pond  requires  about  one-fiftieth  of  the  space 
required  by  the  cooling  pond  to  dissipate  the  same  quantity  of  heat  with 
equal  results,  due  to  four  factors:  (1)  the  speed  with  which  the  drops  are 
propelled  into  the  air  and  fall  back  into  the  water  basin ;  (2)  the  increased 
wind  velocity  at  a  point  above  the  surrounding  obstruction;  (3)  the  in- 
creased volume  of  air  delivery  due  to  the  greater  vertical  cross-section  of 
air  permissible ;  and  (4)  the  vastly  increased  area  of  contact  between  water 
and  air.2 

Spray  pond  effectiveness  is  increased  by:  (1)  elevating  the  nozzles  to  a 
higher  point  above  the  surface  of  the  water  in  the  basin,  (2)  increasing 
the  spacing  between  nozzles  of  any  one  capacity,  (3)  using  smaller  capacity 
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FIG.  4.  TTPICAL  NOZZLE  ARBANG-EMENT  FOK  A  SPEAT  POND 


nozzles  to  decrease  the  concentration  of  water  per  unit  area,  and  (4)  using 
smaller  nozzles  and  increasing  the  pressure  to  maintain  the  same  concen- 
tration of  water  per  unit  area. 

It  is  usual  practice  to  locate  the  nozzles  from  5  to  12  feet  above  the 
surface  of  the  water  (dependent  also  upon  depth  of  water  and  curb  level) 
with  water  supply  at  5  to  7  psig  pressure  at  the  nozzles.  Nozzles  spray 
from  25  to  60  gpm  each,  and  the  nozzles  are  spaced  so  that  the  average 
water  delivered  to  the  surface  varies  from  0.1  gpm  (small  ponds)  to  0.4  gpm 
(large  ponds)  per  square  foot.  See  Table  2  for  additional  spray  pond 
design  data.  Best  results  are  obtained  by  placing  the  nozzles  in  a  long, 
relatively  narrow  area,  located  broadside  to  the  wind. 

Louver  fences,  to  prevent  the  carrying  of  entrained  water  beyond  the 
edge  of  a  spray  pond  by  the  air  on  the  leeward  side,  are  required  for  all  roof 
locations  and  for  ground  locations  where  space  is  restricted;  the  outer 
nozzles  should  be  located  at  least  20  ft  from  the  edge  of  the  basin*  Such 
fences  up  to  12  ft  in  height  usually  are  constructed  of  horizontal  overlapping 
louvers  supported  between  vertical  posts.  The  air,  in  passing  between 
these  louvers,  tends  to  be  freed  of  the  larger  drops  of  water.  The  louvers 
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also  restrict  the  flow  of  air,  particularly  at  the  higher  wind  velocities,  thus 
reducing  the  possibility  of  water  being  carried  from  the  spray  cloud.  The 
height  of  an  effective  fence  should  be  equal  to  the  height  of  the  spray  cloud. 
Algae  formations  may  be  a  nuisance  In  a  spray  pond.  Such  growths  are 
minimized  by  the  periodic  addition  of  bromine,  chlorine,  chlorinated  lime, 
copper  sulfate,  or  various  blends  of  chlorophenates  (see  Chapter  42). 

The  performance  of  a  spray  pond  is  limited  because  of  space  requirements 
and  the  probable  high  cost  of  piping  and  pumping.  Water-cooling  towers, 
however,  allow  the  designer  a  wider  range  of  performance  within  a  given 
space  because  of  the  possibility  of  altering  the  smaller  physical  dimensions 
or  varying  the  water  concentration,  measured  in  gallons  per  (minute) 
(square  foot  of  tower  area).  In  most  cooling  towers  the  water  is  broken  up 
into  drops  many  times,  whereas  with  the  spray  pond  it  is  broken  up  only 
once  and,  consequently,  In  the  latter  the  rate  of  cooling  diminishes  rapidly 
as  the  temperature  of  the  surface  of  the  drop  approaches  the  wet-bulb 
temperature  of  the  ambient  air. 


TABLE  2.    SPRAY  POND  DESIGN  DATA 
Conventional  Up-Spray  System 


UNITS 

STANDARD 

MnOMtnc 

MAXIMUM 

Water  Capacity  psr  nozzle  

CDIH 

35  to  50 

25 

60 

Nozzles  per  12  ft  length  of  pipe  

6 

4 

6 

Height  of  nozzles  above  water  level  

ft 

6 

5 

12 

Nozzle  pressure  

Dsiff 

6 

5 

7 

Size  of  nozzles  and  nozzle  arms 

|r"^S 

in. 

2 

11 

2 

Distance  between  spray  lateral  piping  

ft 

25 

13 

38 

Distance  nozzles  from  pond  side  nnfenced  
Distance  nozzles  from  pond  side  fenced  
Height  of  louver  fence  

ft 

ft 
ft 

25  to  35 
15  to  20 

12 

20 
15 

12 

50 
25 
12 

Deptb.  pond  basin.     .            .         

ft 

4  to  5 

2 

Friction  loss  allowed  per  100  ft  pipe..  ....... 

ft 

1  to  3 

Design  wind  velocity  . 

niDh 

5 

3 



ATMOSPHERIC  COOLING  TOWERS 

Spray-filled  atmospheric  cooling  towers  are  used  for  open-area  installations 
because  of  their  dependence  upon  the  velocity  and  direction  of  the  wind. 
Operation  is  not  so  limited  as  with  spray  ponds,  but  the  design  is  generally 
based  on  a  3  mph  wind,  and  the  performance  falls  off  rapidly  as  the  ambient 
air  velocity  decreases.  These  towers  require  less  basin  area,  less  piping, 
and  no  more  mechanical  equipment  than  spray  ponds,  but  these  savings 
may  be  largely  offset  by  the  extra  cost  of  the  structure.  The  drift  nuisance 
is  similar  to  that  of  spray  ponds.  The  word  tower  used  in  this  connection 
is  a  misnomer,  as  the  design  simulates  a  narrow  spray  pond  with  length 
twice  the  width,  or  more,  having  elevated  nozzles  and  a  high  louver  fence. 
As  usually  built,  the  nozzles  spray  downward  from  the  top  of  the  structure, 
and  the  distance  from  the  center  of  the  nozzle  system  to  the  louvers  on 
either  side  is  not  more  than  half  the  distance  that  the  nozzles  are  elevated 
above  the  water-collecting  basin.  Heights  range  from  6  to  15  ft,  with  the 
total  width  of  the  structure  usually  not  greater  than  the  height.  Loadings 
range  from  0.6  to  1.5  gpm  per  sq  ft  of  tower  area,  and  hence  require  about 
one-fourth  the  area  of  an  equivalent  spray  pond.  As  the  louvers  are 
wetted  continuously,  they  add  to  the  surface  of  water  exposed  to  the 
cooling  air.  The  spray-filled  atmospheric  tower  is  shown  in  Fig,  5. 
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Much  of  the  atmospheric  water  cooling  for  refrigeration  work  during 
the  past  30  years  has  been  done  with  natural-draft  deck  type  towers,  also 
referred  to  as  atmospheric  deck  towers,  see  Fig,  6.  These  towers  consist 
of  a  sturdy  wooden  or  steel  frame  20  to  50  ft  high  and  8  to  16  ft  wide, 
carrying  open  horizontal  wooden  latticework  or  decks  at  regular  intervals 
from  top  to  bottom.  The  hot  water  is  distributed  over  the  upper  part  of 
the  structure  by  means  of  troughs,  splash  heads,  or  nozzles,  and  drops 
from  deck  to  deck  enroute  to  the  basin.  The  purpose  of  the  decks  is 
primarily  to  arrest  the  fall  of  the  water,  to  break  and  re-break  it  into  drops 
so  as  to  present  the  most  efficient  cooling  surface  to  the  air  which  is  passing 
through  the  tower  transversely  to  the  decks.  The  wooden  decks  also  add 
to  the  area  of  water  surface  exposed  to  the  air,  but  since  they  offer  resistance 
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FIG.  6.  ATMOSPHERIC  DECK  TOWER 


to  the  flow  of  air,  the  number  and  arrangement  of  the  decks  depend  upon 
basic  tests  and  operating  experience. 

To  prevent  loss  of  water  on  the  leeward  side  of  the  tower,  wide  louvers 
(drift  eliminators)  are  attached  at  regular  intervals  from  top  to  bottom; 
these  louvers  extend  outward  and  upward  at  an  angle  of  45  to  50  deg.  In 
most  designs  the  top  edge  of  each  louver  extends  above  the  bottom  edge 
of  the  one  above.  These  louvers  serve  the  same  function  as  a  louver  fence 
around  a  spray  pond,  namely,  to  stop  the  water  drops  carried  by  the  air 
beyond  the  open  area  of  the  tower,  and  to  control  the  quantity  of  air 
permitted  to  pass  through  the  tower. 

The  efficiency  of  a  deck  tower  is  improved  primarily  by  increasing  length 
or  height,  or  both,  within  limits;  the  length  and  height  increase  the  area 
of  tower  exposed  to  the  wind.  The  improvement  is  not  directly  propor- 
tional to  the  change  made  in  either  case.  Neither  does  a  certain  percentage 
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change  of  one  dimension  make  an  equal  improvement  In  efficiency  on  two 
equal  towers  of  different  original  lengths  or  heights.  Since  the  range  of 
efficiency  varies  through  wide  limits,  it  is  impracticable  to  attempt  to 
list  data  here  on  the  area  required  per  unit  quantity  of  water.  Improved 
efficiency,  due  to  added  height,  is  obtained  at  the  expense  of  additional 
pumping  head  and  increased  weight  per  unit  of  area,  whereas  improvement 
gained  by  greater  length  or  width  will  increase  the  area  and,  consequently, 
the  foundation  required. 

Drift  loss  in  a  properly  designed  deck  tower  is  considerably  less  than 
in  the  spray  pond,  but  the  drift  nuisance  may  be  considerable,  and  for  this 
reason  atmospheric  deck  towers  are  unsuitable  for  downtown  building 
roofs,  locations  adjacent  to  buildings,  or  near  expensive  mechanical  equip- 
ment in  industrial  plants.  They  must  be  located  in  an  open  area,  broad- 
side to  the  prevailing  wind.  They  are  inefficient  with  less  than  3  inph 
wind  velocity  and  with  wind  directions  other  than  broadside.  These 
towers  are  long  and  high  in  proportion  to  width,  and  must  be  securely 
anchored  to  prevent  uplift  or  overturning  during  high  winds.  High  pump- 
ing requirements  (30  to  60  ft)  and  total  dependence  upon  atmospheric 
caprice,  especially  wind  (quantity  and  direction),  are  disadvantages. 

Due  to  new  uses  and  growth  of  demand  in  recent  years,  requirements  for 
water-cooling  equipment  have  become  increasingly  varied  and  exacting, 
necessitating  refinements  and  specialized  adaptations.  The  principal  de- 
mand for  large  water-cooling  systems  in  recent  years  has  come  from  the 
petroleum  industry  and  steam  power  plants.  Refrigeration,  air  condi- 
tioning, and  engine-jacket  cooling  service  today  employ  a  large  percentage 
of  the  medium  sized  and  small  water-cooling  towers  installed. 

MECHANICAL  DRAFT  TOWERS 

The  mechanical  draft  tower  consists  usually  of  a  vertical  shell  constructed 
of  wood,  metal,  transite,  or  masonry.  Water  is  distributed  near  the  top, 
uniformly  over  the  area,  and  falls  to  the  collecting  basin  in  the  bottom, 
passing  through  air  which  is  being  circulated  in  the  tower  from  bottom  to 
top  by  forced  or  induced  draft  fans,  or  which  is  circulated  horizontally  in 
crossflow  towers  by  induced  draft  fans. 

In  vertical  towers  the  air  passes  counterflow  to  the  water  and  is  in  con- 
tact with  the  hottest  water  just  before  leaving  the  tower;  hence,  a  given 
quantity  of  air  picks  up  more  heat  than  the  average  equal  quantity  of  air 
on  natural  draft  equipment.  This  permits  the  water  to  be  cooled  with 
the  least  quantity  of  air  required  by  any  type  of  cooling  equipment.  As 
movement  of  air  through  the  towers  is  obtained  by  power-consuming  fans, 
it  is  essential  that  this  air  quantity  and  the  draft  loss  be  reduced  to  a  mini- 
mum so  as  to  secure  low  operating  cost. 

The  inside  of  a  mechanical  draft  tower  may  be  spray  filled,  i.e.,  the  water 
surface  is  presented  to  the  air  by  filling  the  entire  inside  of  the  structure 
with  water  droplets  from  the  spray  nozzles,  or  it  may  be  packed  with  wood 
filling,  over  which  the  water  cascades  from  top  to  bottom.  In  many  cases, 
a  combination  of  the  spray-filled  and  wood-filled  design  is  used. 

The  forced  draft  type  of  tower  (Fig.  7),  has  the  advantages  of  being  suit- 
able for  corrosive  waters,  and  having  the  fan  mounted  near  the  ground 
level  on  a  rigid  foundation  where  it  is  easily  accessible. 

The  heated  air  leaves  the  top  of  a  forced  draft  tower  at  a  low  velocity 
and  may  be  subject  to  recirculation  to  the  fan  inlet,  with  consequent  reduc- 
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tlon  in  performance.  TMs  reduction  could  be  as  much  as  20  per  cent 
under  certain  conditions.  During  cold  weather,  recirculation  may  cause 
ice  formation  on  adjacent  equipment  and  buildings,  as  well  as  in  the  tower 
fan  ring,  with  possible  resultant  fan  breakage.  Fan  sizes  are  limited  to 
12  ft  or  less,  and  therefore  more  fans,  motors,  starters,  and  wiring  are 
needed  than  for  induced  draft  towers*  Induced  draft  towers,  since  fans 
and  motors  are  not  visible,  are  therefore  somewhat  more  adaptable  to 
architectural  treatment. 

In  the  spray-filled  mechanical  draft  tower,  the  area  presented  to  the  air 
is  the  combined  surface  area  of  the  small  drops  present  in  the  tower  at 
any  one  time.  The  net  free  cross-sectional  area  of  the  air  spaces  in  a 
spray-filled  tower  is  greater  than  that  of  the  wood-filled  tower  for  the  same 
plan  area.  Before  discharging  to  the  atmosphere,  the  water-laden  exhaust 
air  passes  through  a  drift  eliminator  to  remove  entrained  moisture.  This 
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type  of  tower  is  particularly  applicable  for  installations  in  restricted  areas 
where  city  ordinances  require  fire-proof  construction. 

In  the  wood-filled  tower,  lumber  of  various  cross  sections  is  laid  hori- 
zontally across  the  space  on  as  close  centers,  horizontally  and  vertically, 
as  required,  without  introducing  too  great  a  resistance  to  air  flow.  The 
water  is  distributed  over  the  top  layer  by  means  of  spray  nozzles,  troughs, 
splash  heads,  or  through  evenly  spaced  nozzles  located  in  the  floor  of  an 
overhead  open-type  water  distribution  basin,  and  drops  from  piece  to 
piece  of  the  wood  filling  as  it  progresses  downward.  As  the  air  moves 
upward  or  across  the  wood  filling,  the  latter  presents  a  large  wetted  surface, 
repeatedly  breaks  up  the  falling  drops  of  water,  and  continuously  provides 
new  drop  surfaces  whose  integrated  areas  are  several  times  that  of  the 
wood-fill  area. 

The  efficiency  of  a  mechanical  draft  tower  is  improved  by  increasing  the 
amount  of  filling,  height,  area,  or  air  quantity.  Increasing  the  height 
increases  the  length  of  time  the  air  is  in  contact  with  the  water,  without 
affecting  seriously  the  fan  power  required,  but  increases  the  pumping  power. 
Increasing  the  area  while  maintaining  constant  fan  power  increases  the 
air  quantity  somewhat  and,  because  of  lowered  velocity,  increases  the  time 
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this  air  is  in  contact  with  the  water.  The  surface  area  of  water  in  contact 
with  the  air  is  increased  in  both  cases.  Increasing  the  air  quantity  de- 
creases the  time  the  air  is  in  contact  with  the  water,  but  since  a  greater 
quantity  of  air  is  passing  through,  the  average  differential  between  the 
water  temperature  and  wet-bulb  temperature  of  the  air  is  increased,  and 
this  speeds  up  the  heat  transfer  rate.  Increased  air  quantities  are  obtained 
only  at  the  expense  of  increased  fan  power,  which,  for  fans  of  the  disc  type, 
increases  approximately  as  the  cube  of  the  air  handled. 

The  performance  of  mechanical  draft  towers  is  independent  of  wind 
velocity;  hence,  it  is  possible  to  design  them  for  more  exacting  performance. 
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They  require  less  space  and  less  piping  than  atmospheric  deck  towers, 
and  the  pumping  head  varies  from  1 1  to  26  feet,  depending  upon  the  design. 
Overall  plant  economy,  due  to  colder  water  temperature,  usually  more  than 
offsets  the  additional  operating  expense  and  initial  cost  as  compared  with 
those  of  atmospheric  towers. 

The  counterflow  (conventional)  type  of  induced  draft  tower  has  the  fan 
located  at  the  top,  Fig.  8,  to  provide  vertical  air  movement  across  the 
filling.  Air  is  discharged  upward  at  a  high  velocity  to  prevent  recircula- 
tion.  Another  type,  for  small  requirements,  has  the  induced  draft  fan 
in  one  end  (see  Fig.  9)  to  provide  horizontal  flow. 

Another  induced  draft  tower,  developed  for  the  purpose  of  obtaining 
compactness,  larger  capacity,  increased  flexibility  and  improved  per- 
formance, is  the  cross  flow  type.  This  type  of  tower  employs  multiple 
fans  centered  along  the  top,  each  fan  drawing  air  through  two  cells  paired 
to  the  suction  chamber  which  is  partitioned  midway  beneath  the  fans  and 
fitted  with  drift  eliminators  that  turn  the  air  upward  toward  the  fan  outlet. 
This  tower  obtains  a  horizontal  air  movement  as  water  falls  in  a  cascade 
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of  small  drops  over  the  filling  and  across  the  air  stream  with  less  resistance 
to  air  flow.  The  air  travel  Is  longer  than  with  the  conventional  design. 

Air  velocities  through  mechanical  draft  towers  vary  from  250  to  400  fpm 
over  the  gross  area  of  the  structure.  The  air  requirements  are  approxi- 
mately 300  to  400  cfm  of  air  per  ton  of  mechanical  refrigeration,  and  about 
100  to  150  cfm  of  air  per  gallon  of  water  passing  through  the  tower.  Cool- 
ing tower  calculations  are  based  upon  the  fact  that  mechanical  refrigera- 
tion requires  approximately  SO  gallon-deg  of  cooling  water  per  minute 
per  ton  of  refrigeration.  In  atmospheric  cooling  towers,  if  5  gpm  were 
circulated,  the  water-cooling  range  would  be  6  deg ;  with  mechanical  draft 
towers,  3  or  4  gpm  are  usually  circulated  for  a  desired  water-cooling  range 
of  10  or  7|  F.  Some  designs  of  mechanical  draft  towers  are  limited  to  6 
or  7  gpni  per  sq  ft  because  of  blanketing  effect,  while  the  capacity  of  the 
most  efficient  types  range  up  to  9  or  10  gpm. 

When  an  Inside  cooling  tower  is  required,  some  adaptation  of  a  spray 
filled  or  wood  filled  induced  draft  tower  is  often  used,  and  occasionally  an 
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air  washer  is  converted  to  this  service.  In  this  type  of  application  pre- 
cautions must  be  taken  to  prevent  the  discharged  air  from  short  circuiting 
to  the  intake. 

MECHANICS  OF  ATMOSPHERIC  WATER-COOLING 

The  heat  exchange  In  atmospheric  water-cooling  equipment  is  accom- 
plished partially  by  a  transfer  of  sensible  heat  which  raises  the  wet-bulb 
temperature  of  the  moving  air;  but  most  of  the  cooling  is  due  to  an  exchange 
of  latent  heat  resulting  from  the  evaporation  of  a  small  part  of  the  water. 
If  all  of  the  water  were  cooled  by  evaporation,  the  rate  of  evaporation 
would  be  approximately  one  per  cent  for  each  10  deg  of  cooling.  In  prac- 
tice, the  loss  of  circulating  water  by  evaporation  will  approximate  1  per 
cent  for  12  to  14  deg  of  actual  cooling  due  to  the  additional  amount  of 
cooling  by  sensible  heat  transfer,  and  the  rate  of  evaporation  will  vary  from 
about  0.64  per  cent  of  the  water  circulated  in  the  winter  to  0.88  per  cent 
in  the  summer  for  a  water-cooling  range  of  10  deg. 

The  lowest  temperature  to  which  water  may  be  cooled  in  atmospheric 
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cooling  equipment  is  to  the  temperature  of  adiabatlc  saturation,  which  is 
at  the  wet-bulb  temperature  of  the  air.  Performance  Is  measured  in 
terms  of  approach  (5  to  10  F  deg,  with  7  F  deg  average)  of  the  cooled  water 
to  the  wet-bulb  temperature  of  the  ambient  air  when  cooling  the  water 
through  some  desired  range.  The  water-cooling  range  in  some  installations 
will  vary  from  10  to  12  F  deg  when  a  spray  pond  is  used,  and  from  5  to 
17  F  deg  (with  10  F  deg  average)  for  a  mechanical  draft  cooling  tower. 

Heat  absorption  by  the  moving  air  In  an  atmospheric  water-cooling 
tower  continues  as  long  as  the  wet-bulb  temperature  of  the  air  Is  lower  than 
the  temperature  of  the  water.  The  rate  of  heat  transfer  depends  upon  : 
(1)  the  area  of  water  in  contact  with  the  air,  (2)  the  relative  velocity  of 
the  air  and  water  during  contact,  (3)  the  difference  between  the  wet-bulb 
temperature  of  the  air  and  the  initial  temperature  of  the  water,  and  (4) 
the  time  of  contact  of  the  air  with  the  water.  The  rate  of  heat  dissipation 
is  also  influenced  by  many  other  lesser  factors3  which  further  complicate 
the  cooling  tower  design.  Ultimate  selection  of  water-cooling  equipment 
for  any  specified  service  depends  on  overall  economic  considerations  estab- 
lished from  correlated  performance  data.  As  the  enthalpy  of  the  moving 
air  increases,  its  wet-bulb  temperature  rises  (see  Chapter  3).  Since  it  is 
impracticable  to  allow  the  air  to  be  in  contact  with  the  water  for  a  long 
enough  time  to  permit  the  wet-bulb  temperature  of  the  moving  air  and 
the  temperature  of  the  water  to  reach  equilibrium,  atmospheric  water- 
cooling  equipment  aims  to  circulate  only  enough  air  to  cool  the  water  to 
the  desired  temperature  with  least  expenditure  of  power. 

DESIGN  CONDITIONS  FOR  WATER-COOLING 

The  maximum  wet-bulb  (design)  temperature  at  which  the  total  quan- 
tity of  circulating  water  must  be  cooled  through  a  specified  range  by  water- 
cooling  equipment  is  never  selected  -as  the  highest  wet-bulb  temperature 
ever  known  to  have  occurred  for  some  locality,  nor  the  average  wet-bulb 
temperature  over  any  period  of  time.  The  maximum  basis  would  require 
cooling  equipment  several  times  larger  than  normal  capacity,  and  the 
average  basis  would  result,  for  a  large  part  of  the  time,  in  higher  condenser 
temperatures  than  those  for  which  the  plant  was  designed. 

Accepted  design  practice  for  water-cooling  towers,  evaporative  con- 
densers, and  spray  ponds,  is  to  use  the  maximum  hourly  outdoor  dry-bulb 
temperature  which  will  be  exceeded  no  more  than  2J-  per  cent  of  the  time 
for  the  months  of  June  to  September;  also,  to  use  the  maximum  hourly 
wet-bulb  temperature  which  will  be  exceeded  no  more  than  5  per  cent  of 
the  total  hours  for  the  same  period.  Tabulation  of  these  data  has  not 
been  completed.  The  limited  portion  of  such  data  as  are  available  is 
given  in  Table  37  Chapter  12  for  airport  weather  stations;  for  other  locali- 
ties design  dry-bulb  and  wet-bulb  temperatures  in  use  locally  are  tabulated 
as  a  guide  to  design  temperatures.  More  complete  summer  weather  data, 
statistics,  charts,  maps,  and  technical  analysis  have  been  prepared  by 
Albright.4 

Equipment  for  steam  turbine  condensers  and  internal  combustion  en- 
gines, is  usually  based  upon  somewhat  lower  design  temperatures  if  peak 
loads  occur  at  night  or  during  winter  months  when  outdoor  temperatures 
are  lower. 

Knowing  the  hot  water  temperature  and  the  wet-bulb  temperature  for 
which  the  equipment  must  be  designed,  the  cold  water  temperature  must 
be  chosen  to -place  the  requirement  within  the  effectiveness  range  .of  the 
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type  of  atmospheric  water  cooling  apparatus  to  be  used.  This  effective- 
ness is  expressed  as  the  percentage  ratio  of  the  actual  cooling  effect  to  the 
maximum  possible  cooling  effect.  Since  the  wet-bulb  temperature  of  the 
entering  air  is  the  equilibrium  temperature  to  which  the  water  could  be 
cooled,  the  effectiveness  of  water  cooling  apparatus  can  be  indicated  thus : 

_         (hot  water  temperature  —  cold  water  temperature)  X  100 
1  ~~    hot  water  temperature  —  wet-bulb  temperature  of  entering  air        ^ 

where 

Ei  =  water  cooling  effectiveness,  per  cent. 

Magnitudes  of  this  effectiveness  ratio  will  vary  through  wide  limits  in 
accordance  with  construction  and  conditions  of  operation.  Values  indica- 
tive of  the  commercial  range  of  the  effectiveness  ratio  are  given  in  Table  3, 
although  unusual  designs  may  operate  outside  these  ranges. 

Example  1.  A  mechanical  refrigeration  installation  of  100-ton  capacity  requires 
3  gpm  of  cooling  water  with  the  hot-water  temperature  at  95  F  and  the  cold-water  at 
84  F,  with  a  design  wet-bulb  temperature  of  78  F.  Find  the  water-cooling  effective- 
ness of  a  mechanical  draft  tower  for  the  above  conditions. 

Solution.    Substituting  known  conditions  in  Equation  2, 

QX    g,£ 

Water-cooling  effectiveness  «  Q.  __  „*  X  100  *  64.7  per  cent  (typical). 

From  a  consideration  of  the  factors  which  include  the  water-cooling 
range  and  the  design  wet-bulb  temperature  of  the  ambient  air,  the  quan- 
tity of  water  required  can  be  calculated  from  the  amount  of  heat  to  be 
rejected.  The  average  quantities  of  heat  to  be  removed  from  various 
types  of  mechanical  equipment  that  require  cooling  are  listed  in  Table  4. 

WATER-COOLING  TOWER  DESIGN 

Because  of  the  many  variables3  in  water-cooling  tower  calculations  and 
performance,  it  is  difficult  to  provide  simple  handbook  equations  and  tables 
whereby  an  engineer  can  readily  select  the  type  and  size  of  unit  for  a 
definite  requirement.  Each  manufacturer  has  a  semi-confidential  method 
of  sizing  a  tower,  based  largely  upon  research  and  actual  performance 
correlated  with  definite  requirements;  selection  of  water-cooling  equipment 
for  any  specified  service  must  ultimately  depend  upon  overall  considera- 
tions established  from  reliable  design  and  performance  data. 

Some  of  the  variables  encountered  in  water-cooling  tower  work  are: 
continuously  changing  air  and  water  temperatures  throughout  the  struc- 
ture; varying  moisture  content,  pressure,  and  volume  of  the  moving  air; 
caprice  of  the  weather,  ambient  air  changes  in  temperature,  humidity, 
wind  velocity  and  direction,  and  the  amount  of  sunshine.  Other  less 
important  physical  properties  of  the  air  and  water  affecting  tower  per- 
formance are :  density,  specific  heat,  conductivity,  viscosity,  vapor  pressure, 
surface  tension,  latent  heat,  coefficient  of  expansion,  vapor  diffusivity, 
emissivity,  and  molecular  weight.  The  air  velocity,  overall  and  in  dif- 
ferent parts  of  the  tower,  is  an  important  heat  transfer  factor;  also  the 
type  of  air  movement  provided,  whether  natural  draft,  forced  draft,  induced 
draft,  counterflow,  or  crossflow  design.  Different  details  of  construction 
will  produce  dissimilar  velocities  of  water,  its  distribution  and  diffusion, 
size  of  the  drops,  jets,  sprays,  and  sheets  as  affected  by  the  pressure  and 
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TABLE  3.    EFFECTIVENESS  OF  WATEE  COOLING  EQITXPMENT 


Coouxo  EQUIPMENT 


WATEB  COOLING  EfTEcnYENEss— PEB  CEOT 


Typical 


Sprav  Ponds  

30 

40  to  50 

00 

Spray  Filled  Atmospheric  Towers.  . 
Atmospheric  Deck  Towers  

40 
50 

45  to  55 
50  to  GO 

60 

§0 

Mechanical  Draft  Towers  

50 

55  to  75 

93 

elevation  of  the  water  supply  system,  as  well  as  the  adsorption  and  inter- 
facial  surface  tension  of  the  wetted  tower  areas. 

Dissolved  gases  and  other  impurities  in  the  water  influence  the  water- 
cooling  process.  Additional  cooling  tower  variables  affecting  its  perform- 
ance include:  location  (ground,  roof,  nearby  obstructions,  wind  orienta- 
tion), dimensions,  relative  proportions  (contour)  of  tower  structure, 
materials,  type  and  arrangement  of  interior  surfaces;  the  louver  and  drift- 
eliminator  designs  as  they  facilitate  the  air  flow  to  and  from  the  tower; 
temperature  of  the  structure  at  different  points  as  influenced  by  the  external 
and  internal  conditions.  Other  cooling  tower  factors  to  be  considered  are : 
loss  of  water  by  entrainment  (drift  loss),  design  and  location  of  water- 
collecting  basin,  and  surface  evaporation  therefrom,  also  the  noise  generated 
by  the  air,  water,  fan,  and  structure  vibration. 

Basically,  a  water-cooling  tower  is  a  heat  exchanger  in  which  heat  flows 
from  the  water  to  the  air:  (1)  by  a  flow  of  sensible  heat  from  the  warm 
water  to  the  cooler  air,  and  (2)  by  an  exchange  of  latent  heat  resulting 
from  the  evaporation  of  a  small  part  of  the  circulating  water  to  increase 
the  humidity  ratio  of  the  air  by  a  corresponding  amount.  The  general 
principles  involved  are  similar  to  those  encountered  in  the  processes  of 
diffusion  in  absorption  and  extraction  equipment.5*6 

Details  of  the  application  of  the  process  to  water-cooling  tower  perform- 
ance have  been  published  by  various  authorities, 7*8 .9 ,10 ,11,12  an(j  those 
interested  in  the  derivation  of  the  various  equations  should  refer  to  these 
references,  as  listed  at  the  end  of  this  chapter.  The  approach  in  each  case 
is  based  on  a  heat  balance  in  which  the  total  heat  given  up  by  the  water 
equals  the  total  heat  absorbed  by  the  air.  These  derivations  are  also 
based  on  certain  assumptions,  viz:  that  the  specific  heat  of  water  is  unity 
at  the  temperatures  encountered;  that  there  is  no  loss  in  weight  of  the 


TABLE  4.    HEAT  ABSOEBED  BY  COOLING  WATEE 

MECHANICAL  EQXJIPMENT 

Bru  PBB  Mrw 
PBB  TON 

BTTF  PEB  LB 
oy  STEAM 

Brer  FSB 

EHP-HB 

Refrigeration  Compressor  

250 
550 

550 

1000 
1100 

2600 
3000 
2000 
2500 
2200 

4500 
4000 

Refrigeration,  Absorption  System  

Steam  Turbine  Condenser  

Steam  Jet  Refrigerating  Condenser    .  . 

Diesel  Engine  Jacket  &  Lube  Oil: 
Four-cycle  Supercharged             

Four-cycle,  N  on  -supercharged  

Two-cycle,  Crank-case  Compressor  ....... 

Two-cycle,  Pump  Scavenging,  Large  Unit. 
Two-cycle,  Pump  Scavenging,  High  Speed.  . 
Natural  Gas  Engine: 
Four-cycle    .             

Two-cycle                                •  -  •  •  -  
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circulating  water  as  a  result  of  evaporation ;  that  the  water  suspended  in 
the  tower  is  surrounded  by  a  film  of  air  which  is  saturated  with  water  vapor 
and  at  the  temperature  of  the  water  surrounded ;  and  that  the  basic  theory 
of  cooling  tower  operation  proposed  by  Lewis13  and  developed  by  Merkel14 
is  applicable.  This  theory  refers  to  the  fact  that  the  numerical  value  of 
the  coefficient  of  sensible  heat  transfer,  when  divided  by  the  numerical 
value  of  the  coefficient  of  diffusion,  equals  the  specific  heat  (at  constant 
pressure)  of  air.  The  reader  should  observe  that  this  relationship  refers 
to  the  numerical  values  of  three  distinct  constants,  the  units  for  each  being 
different.  The  above  relationship  makes  it  possible  to  simplify  the  heat 
transfer  equation  by  combining  the  two  driving  forces  into  one  potential 
represented  as  the  difference  between  the  enthalpy  of  the  air  film  (at 
water  temperature)  surrounding  the  water,  and  the  enthalpy  of  the  main 
air  stream. 

CONDITIONS    1 
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CONDITIONS  2 

FIG.  10.  OPEKATIONS  IN  A  TYPICAL 
WATER  COOLING  TOWER 


Tower  Performance  Factor 

The  operations  taking  place  in  a  typical  water-cooling  tower  are  shown 
in  Fig.  10.  If  the  reduction  in  water  flow  rate,  due  to  evaporation  within  the 
volume,  is  neglected,  and  the  usual  concepts  of  heat  flow  and  mass  heat 
transfer  are  applied,  the  equations  typifying  cooling  tower  operation  are : 


and 


where 


KaV 
G 


KaV 
L 


dh 


hff  -  h* 


(3) 


(4) 


a  —  overall  average  wetted  area  (surface  of  water  drops  plus  wetted  tower 

surface)  square  feet  per  cubic  foot  of  active  tower  volume. 
0  =  weight  rate  of  flow  of  air,  pounds  of  dry  air  per  hour. 
h  «  enthalpy,  Btu  per  jDound  of  dry  air. 
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enthalpy  of  air-vapor  mixture,  Btu  per  pound  o!  dry  air. 

enthalpy  of  saturated  air-vapor  mixture  at  water  temperature,  Btu  per 

pound  of  dry  air. 

overall    energy  unit  conductance,  Btu  per  (hour)  {square  foot  overall 

average  wetted  area)  (Btu  enthalpy  difference  per  pound  of  dry  air). 

water  rate,  pounds  per  hour. 

temperature  of  water  in  tower,  Fahrenheit. 

temperature  of  inlet  water,  Fahrenheit. 

temperature  of  outlet  water,  Fahrenheit. 

active  tower  volume,  cubic  feet. 


Either  term     *     or  —  -—  may  be  called  the  Tower  Performance 
or  Number  of  Tower  Units  (NTU). 
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11.  TEMFERATUEErENTHALPY   DIAGRAM    FOE   AlR-WATBE  VAPOB  MlXTITRK 
SHOWING  OPERATING  LINES  FOR  EXAMPLE  2 


These  equations  indicate  that  the  rate  of  heat  transfer  from  the  water  to 
the  air  depends  primarily  upon  the  enthalpy  of  the  air,  the  latter  being 
dependent  only  on  the  wet-bulb  temperature  of  the  air.  This  explains  the 
common  observation  that  cooling  tower  performance  is  independent  of 
inlet  dry-bulb  air  temperature,  and  that  adiabatic  conditions  exist. 

The  integration  of  Equations  3  and  4  must  be  performed  by  mechanical 
or  graphical  means,  because  direct  mathematical  integration  would  be 
accurate  only  within  narrow  temperature  limits.  The  temperature 
enthalpy  diagram  in  Fig.  11  represents  the  conditions  for  either  of  the 
above  equations.  The  water  is  cooled  from  the, temperature  ft  to  02,  and 
the  enthalpy  of  the  air  film  surrounding  it  follows  the  saturation  line  h" '. 
Air  enters  the  tower  at  a  wet-bulb  temperature  of  ij  and  an  enthalpy 
of  fe.  It  is  heated  to  an  outlet  wet-bulb  temperature  of  t( ,  with  an  enthalpy 
of  hi.  Since  the  heat  rejected  by  the  water  equals  the  heat  absorbed  by 
the  air,  the  heat  absorbed  per  pound  of  air  is  a  function  of  the  pounds  of 
water  per  pound  of  air  going  through  the  tower,  and  the  slope  of  the  air 
operating  line  is  the  L/6  ratio. 
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Example  &.  It  is  desired  to  coo!  150,000  Ib  of  water  per  hour  (about  100  tons  of 
mechanical  refrigeration)  from  110  to  84  F  with  125,000  Ib  of  dry  air  per  hour,  with  a 
design  wet -bulb  air  temperature  of  75  F.  These  conditions  could  prevail  with  a 
steam-turbine  driven  centrifugal  refrigeration  compressor.  Determine  the  Tower 
Performance  Factor-,  show  in  tabular  form  the  successive  steps  for  this  mechanical 
integration  by  selecting  two-degree  intervals  of  the  water-temperature  range, 

Solution.  The  accompanying  Table  5  shows  the  sequence  of  mechanical  integration 
for  the  given  water  and  air  temperatures.  The  first  column  shows  the  water  temper- 
ature 9  in  increments  of  two  degrees  (A0  =  2  F  deg).  Column  2  gives  the  enthalpies 
of  the  saturated  air-vapor  mixture  at  the  water  temperature,  Btu  per  pound  of  dry 
air.  The  enthalpy  of  air,  h^  in  column  3,  has  an  original  value  of  38.61  Btu  per  Ib 
corresponding  to  the  75  F  entering  wet-bulb  temperature  of  the  ambient  air;  this 

value  of  h*  increases  in  equal  increments  of  1.2  I  g-ratioj  Btu  per  F  deg,  hence, 

&h  -  A0  X  |f  =  2  X  f^.  QAQ  Ib  -  2.4.    The  potential  for  mass  heat  transfer  is 

(h*  —  &a)  as  shown  in  column  4;  this  is  frequently  called  the  tower  driving  force  po- 
tential. The  values  in  column  5  for  each  increment  are  determined  by  dividing  2.4 
Btu  per  F  deg  by  the  average  value  of  (A*  —  &a) ;  and  column  6  is  calculated  in  a 
similar  manner,  except  that  the  increments  are  two  degrees  instead  of  2.4  Btu. 

TABLE  5.    SEQUENCE  OF  MECHANICAL  INTEGRATION  TOWER  PERFORMANCE  FACTOR 


I 

WATER  TEMP. 
0 

2 

ENTHALPY  OF 

FILM 
h" 

3 

ENTHALPY  OF 
AIR 
A* 

4 

ENTHALPY 

DrtTFEBBHCB 
(^*  -  *j 

5 

Ah 

6 
A0 

»;  -  *j 

(arg.) 

c*;  -  to 

(avg.) 

84 
86 
88 
90 
92 
94 
96 
98 
100 
102 
104 
106 
108 
110 

48.22 
50.66 
53.23 
55.93 
58.78 
61.77 
64.92 
68.23 
71.73 
75.42 
79.31 
83.42 
87.76 
92.34 

38.61 
41.01 
43.41 
45.81 
48,21 
50.61 
53.01 
55.41 
57.81 
60.21 
62.61 
65.01 
67.41 
69.81 

9.61 
9.65 
9.82 
10.12 
10.57 
11.16 
11.91 
12.82 
13.92 
15.21 
16.70 
18.41 
20.35 
22.53 

0.249 
0.247 
0.241 
0.232 
0.221 
0.208 
0.194 
0.180 
0.165 
0.150 
0.137 
0.124 
0.112 

0.208 
0.206 
0.201 
0.194 
0.184 
0.173 
0.162 
0.150 
0.137 
0.125 
0.114 
0.103 
0.093 

i 

Tower  Performance  Factor  »  2.460      or      2.050 


Hence,  the  mechanical  integration  for  the  above  conditions  gives  two  results: 


and 


0 

KaV 
L 


de 


h"  - 


2.46,  Tower  Performance  Factor 
2.05,  Tower  Performance  Factor 


The  results  obtained  in  Example  2  are  designated  as  the  Tower  Per- 
formance Factor  (TPF)  or  the  Number  of  Tower  Units  (NTU);  these 
figures  represent  correlated  values  that  are  directly  proportional  to  the 
performance  being  considered.  Similar  calculations  could  be  made  for 
other  quantities  and  temperatures  of  air  and  water.  It  should  be  noted 
that  this  factor  is  not  related  to  the  equipment  doing  the  cooling,  that  any 
numerical  value  may  represent  an  infinite  number  of  possible  performance 
conditions,  and  that  any  cooling  tower  arrangement  may  give  almost  any 
performance  under  certain  conditions.  Also  the  mechanical  integration 
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procedure  used  above  applies  only  to  counterflow  apparatus.  However, 
the  same  principles  may  be  applied  to  crossflow  atmospheric  water-cooling 
towers,  although,  the  method  is  more  involved. 

The  basic  mathematical  theory  for  water-cooling  towers  is  now  well 
established  and  recognized,  but  each  manufacturer  relies  upon  experimental 
results  and  practical  experience  with  his  own  tower  designs  to  establish  a 
system  for  rating  each  unit  that  he  builds.  The  problem  of  cooling  tower 
design  or  selection  is  based  on  a  knowledge  of  the  characteristics  of  the 
equipment  being  considered.  The  Tower  Performance  Factor  is  a  variable 
which  is  a  function  of  the  design;  it  also  varies  with  the  water  loading  and 
air  velocity.  Experimental  data  indicate  that  it  varies  with  the  heat  load ; 
although  this  variation  may  be  due  to  deviations  from  the  theoretical 
calculations  which  become  more  pronounced  at  the  higher  temperatures. 
The  reference  literature  contains  Tower  Performance  Factors  which  have 
been  reported  by  various  investigators,  but  the  reader  should  be  warned 
that  the  use  of  such  factors,  without  a  full  understanding  of  the  source, 
may  lead  to  erroneous  results. 

SELECTION  OF  WATER^COOLUfG  TOWERS 

The  correct  type  and  size  of  water-cooling  equipment  for  a  given  service 
cannot  be  determined  intelligently  without  considering  the  characteristics 
of  the  various  types,  together  with  the  many  correlated  requirement  factors. 
Very  few  installations  are  exactly  alike  in  details  of  requirements,  hence, 
conditions  affecting  performance  and  operation  of  the  several  types  of 
water-cooling  equipment  vary  widely  because  of  the  many  diversified 
applications  and  wide-spread  geographical  locations. 

Before  the  characteristics  of  a  specific  water-cooling  apparatus  can  be 
judged  desirable  or  undesirable  for  a  given  heat  load  and  wet-bulb  tem- 
perature, a  survey  should  consider  the  importance  of  each  of  the  following 
items:  first  cost  including  all  necessary  auxiliaries,  area,  height,  weight, 
effect  of  wind  velocity  and  direction,  rigidity  of  structure  to  withstand  high 
winds,  safety,  conformity  to  building  codes,  drift  nuisance,  make-up  water 
requirements  and  cost  of  chemical  treatment  if  needed,  total  power  for 
pumping  (plus  fan  operation  in  the  case  of  mechanical  draft),  maintenance, 
available  locations  (with  due  thought  to  possible  future  expansion,  wind 
restrictions,  space  cost,  proximity  and  accessibility,  etc.)?  appearance,  the 
equipment's  operating  flexibility  for  the  most  economical  conformance 
to  varying  loads  or  seasonal  changes,  and  other  considerations  occurring 
with  regard  to  a  specific  application. 

For  a  definite  heat-load  dissipation,  the  type  and  size  of  a  water-cooling 
tower  is  primarily  affected  by  the  following  conditions: 

1.  Gallons  per  minute  of  cooling  water. 

2.  Geographical  location  of  the  tower  installation. 

3.  Wet-bulb  design  temperature  of  ambient  air;  see  Table  3,  Chapter  12. 

4.  Temperature  of  the  hot  water  entering  the  tower  at  normal  rating. 

5.  Temperature  of  the  cold  water  leaving  the  tower  at  normal  rating. 

6.  Ground,  roof,  or  sub -structure  installation. 

7.  Area  available  for  cooling  tower. 

8.  Proximity  to  other  structures. 

9.  Surface  of  water  exposed  to  each  unit  quantity  of  air. 

10.  Time  of  contact  of  the  air  with  the  water;  this  depends  upon  height  (or  length) 
of  tower,  and  upon  the  relative  velocity  of  air  and  water. 
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The  selection  of  a  proper  water-cooling  range  depends  upon:  (1)  type 
of  service — refrigeration,  Internal-combustion  engine*  or  steam  condenser, 

(2)  wet-bulb  air  temperature  at  which  the  equipment  must  operate,  and 

(3)  type  of  condenser  or  heat  exchanger  employed. 

Because  the  design  of  an  entire  plant  is  usually  affected  by  the  quantity 
and  temperature  of  the  cooling  water  supply,  plants  should  be  designed 
for  cooling  water  conditions  which  can  be  most  efficiently  attained.  The 
first  consideration  is  usually  the  limiting  temperature  of  the  plant.  For 
example,  if  an  ammonia  compressor  refrigerating  plant  is  to  be  designed 
for  185  psig  head  pressure  as  a  normal  maximum,  the  limiting  temperature 
of  the  ammonia  in  the  condenser  is  96  F.  Should  the  ammonia  tempera- 
ture go  above  this  figure  the  head  pressure  will  exceed  185  psig  and  the 
power  consumption  increases.  To  obtain  this  head  pressure,  the  tempera- 
ture of  the  circulating  water  leaving  the  condenser  must  always  be  less 

TABLE  6.    CONDENSES  DESIGN  DATA 


GAS 

DsaiaaD  PBBBSTIBBS  IN 

GAS  TSMPBBATUBE 

IN  CONDENSER, 

LEAVING  E 

•    TBMPBJ 
FAHBI 

[OT-WATEB 

IAT0BB, 

NHE1T 

FAHBSNHBIT 

Best 
Condenser 
Design 

Average 
Condenser 
Design 

Steam  

28  in.  vacuum 

101.2 

97 

93 

Steam  

27  in.  vacuum 

115.1 

110 

105 

Steam  

26  in.  vacuum 

125.4 

120 

114 

ATnTftrtrjifl,  -  

185  psi* 

96.0 

92 

88 

Carbon  dioxide  

1030  psig* 

86.0 

83 

80 

Methyl  chloride.  

102  psig* 

100.0 

96 

92 

Freon  F-12  

117  psig* 

100.0 

96 

93 

Freon,  F-12  

126  psig* 

105^0 

100 

97 

Freon,  F-12  

136  psig* 

110.0 

104 

101 

*  Head  pressure. 


than  96  F  by  an  amount  depending  upon  tlie  size  and  design  of  the  con- 
denser, the  quantity  of  water  being  circulated,  and  the  refrigerating  tonnage 
being  produced.  A  condenser  having  a  large  surface  per  ton  of  refrigera- 
tion may  be  designed  to  operate  satisfactorily  with  the  leaving  hot-water 
temperature  within  3  or  4  deg  of  the  ammonia  temperature  corresponding 
to  the  head  pressure,  while  a  small  condenser  may  require  a  10  deg 
difference. 

Table  6  lists  several  gases  with  data  for  the  temperatures  and  pressures 
for  which  commercial  condensers  are  designed.  Careful  evaluation  of 
costs  of  water  and  electrical  power  should  be  made  before  deciding  to  use 
city  water  for  jacket  water  and  condensers.  Economy  of  operation  gen- 
erally indicates  the  use  of  either  a  water-cooling  tower  or  an  evaporative 
condenser  for  most  refrigeration  installations  of  five  tons  or  more  capacity. 
Refer  to  Chapter  36,  for  information  on  Evaporative  Condensers.  In- 
ternal-combustion engines  have  limiting  hot  water  temperatures  of  140 
to  180  F  for  closed  systems,  and  110  to  130  F  for  open  systems,  depending 
upon  the  quality  of  the  cooling  water.  The  cooling  of  such  fluids  as  milk 
or  wort  has  variable  requirements,  and  is  usually  accomplished  in  counter- 
flow  heat-exchangers  in  which  the  leaving  circulating  water  is  at  a  much 
higher  temperature  than  is  the  leaving  fluid.  .  .  .-  <  . 
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OPERATION  AND 

Water  Treatment,  The  amount  of  make-up  water  required  by  a  cooling 
tower  depends  upon  evaporation  loss,  drift  loss,  and  blow-down.  Evapora- 
tion losses  average  0.80  per  cent  of  the  water  circulated  for  each  10  F  deg 
range.  Drift  loss  is  the  water  carried  out  of  the  tower  by  the  air  currents 
in  the  form  of  droplets  or  mist.  In  properly  designed  induced  draft 
towers  this  loss  normally  approximates  one-tenth  of  one  per  cent?  and  most 
cooling  tower  manufacturers  will  guarantee  a  drift  loss  not  to  exceed  two- 
tenths  of  one  per  cent.  The  amount  of  blow-down  water  wasted  depends 
upon  the  hardness  of  the  circulating  water,  type  of  water  softening  used 
and  the  amount  of  drift  loss.  Blow-down  is  normally  controlled  to  main- 
tain the  concentration  of  soluble  and  scale-forming  solids  below  the  point 
where  the  formation  of  scale  would  occur  or  would  be  caused  by  corrosion. 

Algae  formations  will  plug  nozzles  and  prevent  proper  distribution  of 
the  water  over  the  tower  filling.  This  growth  may  also  collect  on  equip- 
ment served  by  the  cooling  tower,  and  thereby  reduce  the  heat  transfer 
rate.  Algae  should  be  held  at  a  minimum  or  eliminated  by  use  of  bromine, 
chlorine,  chlorinated  lime,  copper  sulfate,  or  various  blends  of  chloro- 
phenates  (see  Chapter  42). 

Although  some  scale-forming  materials  are  found  in  practically  all  water, 
those  which  cause  trouble  in  water-cooling  systems  are  normally  calcium 
and  magnesium  carbonates.  Scale  formation  in  equipment  served  also 
reduces  heat  transfer  rates.  Scale  can  be  reduced  materially  or  prevented 
by  softening  the  make-up  water  with  lime  and  soda  ash,  zeolite,  or  sulfuric 
acid,  or  by  use  of  small  amounts  of  sodium  hexametaphosphate.  Water 
softening  or  treatment  requires  close  regulation  and  control  by  a  competent 
chemist.  Too  high  a  concentration  of  soluble  solids  in  cooling  tower  water 
may  raise  the  temperature  of  the  water  leaving  the  tower,  and  may  cause 
sludge  deposits  or  corrosion  in  the  system.  Concentration  of  solids  is 
normally  controlled  by  either  blowing  down  or  by  a  continuous  overflow 
to  the  sewer.  Refer  also  to  Chapter  42. 

Delignification.  The  presence  of  sodium  carbonate  in  the  circulating 
water  results  in  delignification  of  any  wood  with  which  water  comes  in 
contact.  This  chemical  dissolves  lignin  which  binds  the  wood  fibers  to- 
gether and  leaves  the  wood  surface  in  a  white  fibrous  condition.  Prolonged 
exposure  reduces  the  structural  strength  of  the  wood.  Delignification  first 
appears  on  parts  of  the  tower  that  are  alternately  wet  and  dry,  since 
evaporation  at  such  points  rapidly  increases  the  concentration  of  dissolved 
solids.  The  presence  of  sodium  carbonate  in  harmful  amounts  is  generally 
indicated  by  a  high  pH  of  9  to  11.  The  effect  of  the  sodium  carbonate 
may  be  neutralized  by  the  use  of  sulfuric  acid.  It  is  desirable  to  have  the 
pH  value  of  the  water  at  7  to  7.5  (7.2  pH  value  is  neutral  for  redwood). 

Two-speed  Motors.  For  readily  adapting  tower  performance  to  tempo- 
rary or  seasonal  decreases  in  heat  load,  and  especially  for  winter  operation, 
the  use  of  two-speed  motors  (for  fan  drives)  is  recommended.  The  chief 
advantage  is  that  when  operated  at  half-speed,  fans  require  only  about  15 
per  cent  of  the  power  used  at  full  speed.  Particularly  in  multi-fan  towers, 
the  ready  flexibility  provided  by  two-speed  motors  results  in  considerable 
savings,  even  though  load  reductions  may  sometimes  call  for  only  one  or 
a  few  fans  to  be  operated  at  half  speed. 

Cold-weather  Operation.    Extremely  cold  water  normally  does  not  in- 
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crease  performance  to  any  great  extent*  but  increases  operating  hazards 
considerably.  Water-cooling  towers  operated  In  sub-freezing  weather  are 
subject  to  ice  formation  on  the  louvers  and  the  outer  portion  of  the  filling. 

To  prevent  icing  in  cold-weather  operation,  the  cold  raw  water  (tower 
circulating  water)  temperature  should  be  maintained  as  high  as  practicable, 
taking  into  consideration  the  effect  upon  the  economy  of  the  equipment 
served.  One  or  more  of  the  following  procedures  are  recommended  for 
induced  draft  towers:  (a)  run  two-speed  motors  on  low  speed,  or  shut 
off  some  of  the  fans;  (b)  shut  down  some  cells  completely  and  put  all  of 
the  water  over  the  remaining  cells ;  (o)  reduce  water  flow  to  the  tower  and 
shut  off  some  of  the  cells;  (d)  by-pass  the  cooling  tower  with  part  of  the 
water  and  shut  off  some  of  the  fans  or  cells  of  the  tower. 

If  ice  should  form  on  the  louvers  and  filling,  one  of  the  following  methods 
of  removal  can  be  used:  (a)  reversing  (for  not  more  than  10  minutes) 
the  rotation  of  the  motor  driving  the  fan  and  thus  blowing  the  warm  air 
out  through  the  louvers;  (b)  shutting  down  fans  on  some  sections  tem- 
porarily, but  not  the  water.  When  these  cells  have  thawed  out,  use  the 
same  procedure  on  other  cells. 

Where  intermittent  operation  of  a  system  is  employed,  water  in  outside 
basins  may  cause  considerable  damage  due  to  freezing.  To  prevent  this, 
such  basins  are  drained  when  out  of  service  and  therefore  in  some  small  roof 
installations  a  tank  large  enough  to  hold  all  the  water  in  the  system  may 
be  installed  inside  the  building. 

Maintenance.  Well-maintained  equipment  provides  the  best  operating 
results  and  the  least  overall  maintenance  cost.  A  regular  schedule  should 
be  set  up  for  the  structural  and  mechanical  upkeep  of  water-cooling  towers. 
The  life  and  continued  utility  of  any  cooling  tower  is  directly  dependent 
upon  its  inherent  qualities,  climatic  environment,  type  of  service,  severity 
of  operation,  and  general  care  and  maintenance. 
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CHAPTER  35 

AIR  HEATING  AND  COOLING  COILS 

Uses  for  Coils,  Coll  Construction  and  Arrangement,  Steam  Coils,  Water  Coils, 
Direct-Expansion  Coils,  Flow  Arrangement,  Applications,  Coil  Selection, 
Heat  Transfer  and  Air  Flow  Resistance,  Performance  of  Heating  and 
Dry  Cooling  Coils,  Overall  Coefficient  of  Heat  Transfer,  Perform- 
ance of  Dehumidifying  Coils,  External  Film  Coefficient, 
Internal  Film  Coefficient,  Determining  Size  of 
Cooling  Coil 

Colls  described  in  this  chapter  are  used  for  heating  or  cooling  an  air 
stream  under  forced  convection.  Surface  coil  equipment  may  be  made  up 
of  a  number  of  banks  assembled  in  the  field,  or  the  entire  assembly  may  be 
factory  constructed.  The  applications  of  each  type  of  coil  are  limited  to 
the  field  within  which  it  is  rated.  Other  limitations  are  imposed  by  code 
regulations,  by  proper  choice  of  materials  for  the  fluids  used  and  the  condi- 
tion of  the  air  handled,  or  by  an  economic  analysis  of  the  possible  alternates 
on  each  installation. 

USES  FOR  COILS 

For  heating  service,  coils  are  used  as  tempering  coils,  preheaters,  reheaters 
or  booster  heaters.  The  function  of  the  coils  is  air  heating  only,  but  the 
apparatus  assembly  may  include  means  for  humidification  and  air  cleaning. 
Steam  or  hot  water  are  the  usual  heating  media,  although  others  are  used 
in  special  cases,  such  as  reheating  by  means  of  discharge  gas  from  a  refriger- 
ating system. 

Coils  are  used  for  air  cooling  with  or  without  accompanying  dehumidi- 
fication.  Examples  of  cooling  applications  without  dehumidification  are 
precooling  coils  using  well  water  or  other  relatively  high  temperature  water 
to  reduce  the  load  on  the  refrigerating  machinery,  or  water  cooled  coils  to 
remove  sensible  heat  in  connection  with  chemical  moisture-absorption 
apparatus.  By  proper  coil  selection  it  is  possible  to  handle  both  sensible 
cooling  and  dehumidification  together.  The  assembly  usually  includes  air 
cleaning  means,  to  protect  the  coil  from  accumulation  of  dirt,  and  to  keep 
dust  and  foreign  matter  out  of  the  conditioned  space,  Although  cooling 
and  dehumidification  are  the  usual  functions,  cooling  coils  are  sometimes 
purposely  wetted  to  aid  in  air  cleaning  and  odor  absorption. 

The  usual  cooling  media  used  in  surface  coils  are  cold  water  or  Group  I 
(ASA  Classification)  refrigerants,  but  others  are  used  in  special  cases. 
Brines  are  seldom  required  for  the  range  of  applications  covered  by  this 
chapter,  although  there  are  cases  where  low  entering  air  temperatures  with 
large  latent  heat  loads  require  a  refrigerant  temperature  so  low  that  use  of 
water  becomes  impracticable.  Sometimes,  also,  brine  from  an  industrial 
system  already  installed  is  the  only  convenient  source  of  refrigeration. 

For  combined  cooling  and  dehumidifying,  surface  coils  present  an  alter- 
nate to  spray  dehumidifiers.  For  many  applications  it  is  possible,  by 
proper  selection  of  apparatus,  choice  of  air  velocities,  refrigerant  tempera- 
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tures,  etc.,  to  perform  the  same  duty  with  either.  In  a  few  cases  both 
sprays  and  coils  are  used.  The  coils  may  then  be  installed  within  the  spray 
chamber,  either  in  series  with  the  sprays  or  below  them.  In  making  the 
selection  between  spray  and  surface  dehumidifiers,  certain  advantages  of 
each  should  be  considered.  The  fact  that  a  spray  dehumidifier  is  usually 
designed  to  deliver  nearly  saturated  air,  tends  to  simplify  the  control  prob- 
lem. In  this  case  the  dry-bulb  temperature  is  also  the  dew-point,  and 
hence,  a  dew-point  control  can  be  arranged  by  using  a  simple  duct  thermo- 
stat. Spray  dehumidifiers  have  an  advantage  over  unwetted  coils  of  ob- 
taining some  air  cleaning  and  odor  absorption.  On  the  other  hand,  coils 
make  possible  a  closed  and  balanced  cooling  water  circuit,  obviating  the 
unbalanced  pumping  head,  the  complication  of  water  level  control,  and 
danger  from  possible  floods  incidental  to  multiple  spray  dehumidifiers, 
especially  if  located  on  different  levels.  The  use  of  coils  often  makes  it 
possible  for  the  same  surface  to  serve  for  summer  cooling  and  winter  heating 
by  circulating  cold  water  in  the  one  season  and  hot  water  in  the  other,  with 
consequent  saving  in  apparatus  and  piping.  Another  advantage  is  that 
where  the  surface  coil  system  can  be  used  with  direct  expansion  of  refrig- 
erant, it  is  comparatively  low  in  initial  and  operating  costs.  The  safety  of 
the  occupant  must  be  kept  in  mind  in  comfort  conditioning  applications. 
Some  localities  have  refrigeration  codes  which  restrict  the  use  of  direct- 
expansion  coils  in  the  air  stream,  and  hence,  local  codes  should  be  consulted 
by  the  engineer  before  a  system  employing  direct  expansion  methods  is 
designed.  The  choice  between  spray  dehumidifiers  and  coils  depends  upon 
the  necessities  and  the  economic  aspects  of  each  case,  and  no  general  rule 
can  be  given.  There  are  many  installations  in  which  either  may  be  used 

COIL  CONSTRUCTION  AND  ARRANGEMENT 

Coils  are  basically  of  two  types,  those  consisting  of  plain  tubes  or  pipe, 
and  those  having  extended  surfaces.  The  former  are  little  used  for  the 
applications  covered  by  this  chapter,  but  are  often  employed  where  condi- 
tions cause  frost  accumulation,  and  for  cooling  within  spray  dehumidifiers. 

The  heat  transmission  from  air  passing  over  a  tube  to  a  fluid  flowing 
within  it  is  impeded  by  three  resistances.  The  first  resistance  is  from  the 
air  to  the  surface  of  the  tube,  usually  called  the  outside  surface  resistance 
or  air-film  resistance.  Second,  is  the  resistance  to  the  flow  of  heat  by  con- 
duction through  the  metal  itself.  Finally  there  is  another  surface  or  film 
resistance  to  the  flow  of  heat  between  the  inside  surface  of  the  metal  and 
the  fluid  in  the  tube.  For  the  applications  under  consideration  both  the 
resistance  of  the  metal  wall  to  heat  conduction,  and  the  inside  surface  or 
film  resistance  are  usually  low  as  compared  with  the  air-side  surface  resist- 
ance. Economy  in  space,  weight  and  cost  makes  it  advantageous  to  de- 
crease the  external  surface  resistance,  where  it  is  proportionately  large,  to 
approach  that  of  the  tube  wall,  and  that  from  the  tube  to  refrigerant. 
This  may  be  accomplished  by  increasing  the  external  surface  by  means  of 
fins.  Sometimes  water  spray  is  applied  to  the  same  type  surface  as  would 
have  been  used  without  it.  The  overall  heat  transfer  is  not  necessarily 
increased  much,  but  the  water  spray  may  serve  other  purposes  than  to 
increase  the  flow  of  heat,  such  as  air  and  coil  cleaning. 

In  fin  or  extended  surface  coils  the  external  surface  of  the  tubes  is  known 
as  primary,  and  the  fin  surface  is  called  secondary.  The  primary  surface 
consists  generally  of  round  tubes  or  pipes.  In.  some  cases  these  are  staggered, 
and  in  others  in  line  with  respect  to  the  air  flow.  The  staggered  arrange- 
ment is  usually  preferred  because  it  obtains  a  somewhat  higher  heat  transfer 
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value.  Numerous  types  of  fin  arrangement  are  used,  the  most  common  of 
which  are  spiral,  flat  and  flat-crinkled  or  corrugated,  all  as  shown  in  Fig.  1. 
While  the  spiral  fin  surrounds  each  tube  individually  in  all  cases,  the  flat 
types  may  be  continuous  (including  several  rows  of  tubes),  or  they  may  be 
round  or  square,  with  individual  fins  for  each  tube.  All  of  these,  as  v\ell  as 
other  less  common  types,  are  in  use?  the  selection  for  a  particular  installa- 
tion being  based  on  economic  considerations,  space  requirements  and 
resistances  of  individual  designs  of  coils.  A  most  important  factor  in  the 
performance  of  extended  surface  coils  is  the  bond  between  the  fin  and  the 
tube.  An  intimate  contact  between  the  tube  and  the  fin  must  be  main- 
tained permanently  in  order  to  assure  a  continuing  rated  performance  after 
the  heating  units  have  been  in  service  for  a  period  of  time.  In  some  coils 
fins  are  wound  on  the  tubes  under  pressure,  in  order  to  upset  the  metal 
slightly  at  the  fin  root,  and  then  are  given  a  coating  of  solder  while  the  fin 
and  tube  are  still  revolving,  for  the  purpose  of  assuring  a  uniform  coating  of 
solder.  In  other  types,  the  spiral  fin  may  be  knurled  into  a  shallow  groove 
on  the  exterior  of  the  tube.  The  tube  may  be  expanded  after  the  fins  are 
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FIG.  1.  TYPES  OF  FIN  COIL  ARBANGEMENT 

assembled,  or  the  tube  hole  flanges  of  a  flat  or  corrugated  fin  may  be  made 
to  override  those  in  the  preceding  fin  and  so  compress  them  upon  the  tube, 
There  are  also  types  of  construction  where  the  fin  is  formed  out  of  the 
material  of  the  tube  itself. 

For  heating  coils,  materials  most  generally  used  are  copper  and  aluminum. 
Steel  is  occasionally  used  where  sodium  or  calcium  chloride  brine  is  circu- 
lated in  the  tubes.  Aluminum  fins  with  copper  tubes  is  a  common  con- 
struction. Generally  speaking,  brass  does  not  serve  as  a  satisfactory  fin 
material  because  of  corrosion  difficulties.  Cooling  coils  for  water  or  for 
volatile  refrigerants  most  frequently  have  copper  fins  and  tubes,  although 
aluminum  fins  on  copper  tubes  are  also  used.  There  are  many  makes  of 
heating  and  cooling  coils  of  the  light  weight  extended  surface  type  for  both 
heating  and  cooling  with  tubes  commonly  § ,  f ,  f ,  and  1  in.  outside  diameter, 
and  with  fins  spaced  three  per  inch  up  to  eight  per  inch.  The  tube  spacing 
generally  varies  from  about  1|  to  2|  in.  on  centers,  depending  upon  the 
width  of  individual  fins  and  on  other  considerations  of  performance.  Fin 
spacing  should  be  chosen  for  the  duty  to  be  performed,  with  special  atten- 
tion being  paid  to  lint  accumulation  and,  especially  in  dehumidifying,  the 
consideration  of  frost  accumulation. 

Steam  Coils 

For  proper  performance  of  steam  heating  coils,  condensate  and  air  must 
be  continuously  eliminated  and  the  steam  must  be  evenly  distributed  to 
the  individual  tubes.  This  distribution  is  usually  accomplished  by  indi- 
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vidual  orifices  in  the  tubes,  by  distributing  plates  and  orifices  in  the  steam 

header,  or  by  perforated  internal  steam-distributing  pipes  extending  into 
the  individual  tubes.  The  latter  arrangement  has  the  advantage  of  dis- 
tributing the  steam  throughout  the  length  of  each  tube,  and  is  conducive 
to  uniform  temperature  of  delivered  air.  The  tendency  of  condensate  to 
freeze  at  the  bottom  of  the  coil  with  cold  entering  air  and  light  heating 
loads,  is  also  minimized.  This  is  especially  valuable  for  outside  air  pre- 
heaters. 

Water  Coils 

The  performance  of  water  coils,  for  heating  or  cooling,  depends  on  the 
elimination  of  air  from  the  system  and  proper  distribution  of  water.    Air 


Water  outlet  f 


FIG.  2.  VARIOUS  WATEK  CIKCTTIT  AKKANGEMENTS 

elimination  is  taken  care  of  in  the  system  piping  as  described  in  Chapter 
21,  To  assure  a  pressure  drop  sufficient  for  adequate  distribution,  but  at 
the  same  time  to  provide  against  excessive  pumping  head  where  large  water 
quantities  are  handled,  water  coils  are  provided  with  various  water  circuit 
arrangements.  For  instance,  a  typical  coil  18  tubes  high  and  6  tubes  deep 
in  the  direction  of  air  flow  can  be  arranged  for  6,  9,  18,  24,  or  36  parallel 
water  circuits,  as  conditions  may  require.  Orifices  in  individual  tubes  are 
occasionally  employed,  but  are  usually  unnecessary  as  the  resistance  of 
individual  water  circuits  is  generally  sufficient  to  effect  a  satisfactory  distri- 
bution. In  precooling  coils  using  well  water,  where  there  may  be  consider- 
able sand  and  other  foreign  matter  in  the  water,  provision  for  cleaning  of 
individual  tubes  is  of  advantage.  It  is  important  to  arrange  water  coils  for 
complete  drainage  (see  Fig.  2).  The  drains  are  usually  provided  in  the 
water  piping  at  the  coil  header. 

Direct-Expansion  Coils 

Coils  for  volatile  refrigerants  present  more  complex  problems  of  fluid 
distribution  than  do  water,  brine  or  steam.    It  is  desirable  that  the  coil 
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be  effectively  and  uniformly  cooled  throughout,  and  necessary  that  the 
compressor  be  protected  from  entrained,  unevaporated  refrigerant.  There 

are  two  types;  namely,  flooded  systems,  and  thermal  expansion  valve,  sys- 
tems, as  shown  In  Figs.  3  and  4.  In  a  flooded  coil,  the  circulation  Is  similar 
to  that  in  a  water  tube  boiler.  The  liquid  is  maintained  at  the  proper  level 
by  the  action  of  a  float  regulator  as  shown  in  Fig.  3.  The  thermal  expan- 
sion valve  system  depends  upon  the  thermal  valve  automatically  feeding 
just  as  much  liquid  to  the  coils  as  is  required  to  maintain  the  superheat  at 
the  coil  suction  outlet  within  predetermined  limits,  which  vary  from  about 
6  to  10  deg.  The  thermal  valve  arrangement  is  in  common  use  for  the  type 
of  coils  covered  by  this  chapter,  while  the  flooded  system  is  rarely  used. 

With  the  flooded  system  the  refrigerant  distribution  through  the  tubes 
depends  on  properly  selecting  the  length  of  the  feeds  and  the  head  of  liquid 
imposed  upon  the  liquid  inlets.  No  auxiliary  distributing  devices  are  re- 
quired. With  the  thermal  valve  system,  there  are  two  factors  to  consider. 
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FIG.  4.  DIRECT-EXPANSION  COIL  WITH 
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There  must  be,  generally,  more  than  one  refrigerant  feed  through  the  coil 
per  thermal  valve  to  keep  the  pressure  drop  through  the  refrigerant  circuit 
within  practical  limits,  and  to  reduce  the  corresponding  penalty  in  increased 
evaporating  temperature.  At  the  same  time  the  coil  must  be  so  arranged 
that  the  required  suction  superheat  can  be  attained  with  a  minimum  sacri- 
fice in  the  performance  of  the  coil  as  a  whole.  It  is  general  practice  to 
attain  this  superheat  within  the  coil  itself,  and  not  by  the  use  of  external 
heat  exchangers  or  other  auxiliary  devices. 

With  thermal  expansion  valves  it  is  advantageous  to  keep  the  pressure 
drop  through  the  refrigerant  feeds  as  low  as  possible.  The  feeds  are  laid 
out  to  expose  each  to  the  same  mean  temperature  difference  so  that  it 
handles  the  same  refrigerating  load.  Here,  a  distributing  means  is  imposed 
between  valve  and  coil  liquid  inlets  to  divide  the  refrigerant  equally  among 
the  feeds.  Such  a  distributor  must  be  effective  for  distributing  both  liquid 
and  vapor,  because  the  entering  refrigerant  is  a  mixture  of  the  two.  Fig. 
5  shows  three  typical  types  of  distributors.  In  distributor  A  the  liquid 
and  gas  mixture  from  the  thermal  valve  is  led  tangentially  into  a  chamber. 
The  coil  feed  connections  extend  outward  radially  at  the  top  of  this 
chamber.  In  distributor  B  the  refrigerant  is  discharged  at  a  high  velocity 
through  a  central  jet  against  the  end  plate,  forming  a  uniform  mixture  of 
gas  and  liquid  within  the  distributor,  from  which  individual  connections 
are  led  as  shown.  In  type  C  the  refrigerant  enters  at  high  velocity  from 
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the  thermal  valve  and  is  discharged  against  the  end  plug  in  which  the  indi- 
vidual liquid  feeds  are  closely  arranged.  These  distributors  can  be  used 
in  either  vertical  or  horizontal  position.  There  are  also  other  types  of 
headers  such  as  the  centrifugal  and  weir  type.  The  individual  liquid  con- 
nections from  the  distributor  to  the  coil  inlet  are  commonly  made  of  small 
diameter  tubing,  and  are  all  of  the  same  length  and  diameter  in  order  to 
impose  the  same  friction  between  the  distributor  and  the  coil.  Since  the 
thermal  valves  act  in  response  to  the  superheat  at  the  coil  outlet,  this  super- 
heat should  be  produced  with  the  least  possible  sacrifice  of  active  evaporat- 
ing surface.  Sometimes  a  single  thermal  valve  is  used  per  coil.  In  other 
cases  multiple  valves  are  used,  with  the  coil  divided  across  the  air  flow  or 
parallel  to  the  air  flow  as  shown  in  Fig.  6.  The  arrangement  of  Fig.  7 


From  thermal 
valve 


Individual 
.coil  feeds 


ABC 

FIG.  5.  TYPES  OF  REFRIGERANT  FEED  DISTRIBUTING  HEADS 

should  be  avoided,  since  it  offers  the  disadvantage  of  unequal  load  on  the 
two  parallel  circuits. 

Flow  Arrangement 

The  relative  direction  of  flow  of  the  air  outside  the  tubes  and  the  medium 
wihtin  them,  influence  the  performance  of  the  surface.  There  are  three 
types  of  relative  flow  in  common  use.  Fig.  8A  shows  parallel-flow  in 
which  the  air  and  the  medium  in  the  tubes  proceed  through  the  coil  in  the 
same  direction.  Fig.  SB  shows  counter-flow  in  which  the  medium  in  the 
tubes  proceeds  in  a  direction  opposite  to  the  flow  of  air.  Fig.  8C  shows 
cross-flow  in  which  the  air  and  the  medium  in  the  tubes  pass  at  right  angles 
to  each  other.  The  counter-flow  arrangement  is  almost  universally  used 
in  brine  or  water  coils  to  take  advantage  of  the  highest  possible  mean  tem- 
perature difference  for  given  entering  water  and  air  temperatures.  It  is 
also  commonly  used  in  coils  fed  with  volatile  refrigerant  to  take  advantage 
of  the  higher  air  temperature  for  superheating  the  leaving  gas.  In  deep 
coils,  however,  it  is  sometimes  advantageous  to  use  parallel  flow  from  second 
row  to  last  row,  and  then  to  complete  the  circuit  by  passing  through  the 
first  row  to  take  advantage  of  the  higher  air  temperature  for  superheating. 
Complete  evaporation  and  superheating  of  the  refrigerant  are  essential  to 
proper  operation  of  the  thermal  expansion  valve.  Cross-flow  is  common 
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In  steam  heating  colls,  the  temperature  within  the  tubes  being  substantially 
uniform,  and  the  mean  temperature  difference  the  same  whatever  the  direc- 
tion of  flow,  relative  to  the  air.  Cross-flow  is  to  be  avoided  in  coils  with 
volatile  refrigerants,  because  of  unequal  loading  of  parallel  circuitSj  and  the 
danger  of  short  circuiting  of  liquid  refrigerant  which  disturbs  proper 
functioning  of  the  thermal  expansion  valve. 

Applications 

Heating  coils  in  field  assembled  banks  are  used  for  a  number  of  purposes 
as  described  in  Chapter  29.    They  may  be  arranged  with  the  air  flow 


FIG.  6.  ABBANGEMENT  FOB         FIG.  7.  ABBANGEMENT  FOB 
FACE  CONTBOL,  DEPTH  CONTROL 

vertical  or  horizontal,  although  the  latter  is  more  common.  For  steam 
heating,  the  coils  may  be  set  with  the  tubes  vertical  or  horizontal.  In  the 
latter  case  the  coil  should  be  sloped  to  provide  for  condensate  drainage. 
Because  of  the  multi-circuit  feed  arrangement  and  the  necessity  for  avoid- 
ing air  and  water  pockets,  water  heating  coils  are  generally  arranged  with 
the  tubes  horizontal.  Certain  precautions  must  be  taken  against  freezing. 
Where  steam  coils  are  used  with  entering  air  below  freezing  temperature, 
throttling  the  steam  supply  may  result  in  freezing  the  condensate  in  the 
bottom  of  the  coil  if  the  tubes  are  of  the  variety  not  provided  with  internal 
distributing  pipes,  or  an  equivalent  arrangement. 

There  are  coils  available  having  inner  distributing  tubes,  and  having  the 
supply  and  return  headers  cast  in  one  piece.  In  this  type  of  coil  the 
condensate  that  forms  in  the  outer  tube  has  resulted  from  steam  fed  from 
the  inner  tube  orifices.  This  condensation  flowing  back  along  the  warm 
inner  tube  is  prevented  from  freezing.  A  wide  range  of  modulation  at  very 
low  temperatures  without  danger  of  freezing,  is  therefore  obtained.  As  an 
added  precaution,  with,  both  steam  and  water  coils,  the  outside  air  inlet 
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dampers  are  often  closed  automatically  when  the  fan  is  stopped  to  avoid 
trouble  caused  by  very  cold  out-side  air  drifting  in  during  off  periods. 

A  typical  arrangement  of  cooling  coils  is  shown  in  Fig.  9.  Some  means 
should  be  provided  to  filter  all  the  entering  air  to  keep  dirt  and  foreign 
matter  from  accumulating  on  the  coils.  The  assembly  is  provided  with  a 
drip -pan  to  catch  the  condensate  during  summer  dehumidifying  duty  ?  and 
to  collect  the  non-evaporated  water  from  the  humidifying  sprays  in  winter. 
The  drip  connection  should  be  made  ample  in  size  and  liberally  provided 
with  cleanout  fittings.  It  should  not  be  exposed  to  freezing  temperatures 
in  winter  if  the  apparatus  is  used  on  winter  humidifying  duty.  Access 
doors  should  be  provided  for  servicing  filters,  humidifying  nozzles,  and  fan 
bearings,  and  for  cleaning  the  coils.  When  coils  are  used  for  dehumidifying, 
eliminators  must  be  used  beyond  the  coil  to  catch  any  water  which  may  be 
blown  into  the  air  stream.  It  is  customary  to  include  these  eliminators 
when  the  air  velocity  exceeds  about  450  fpm.  Where  a  number  of  coij 
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FIG.  8.  FLOW  OF  MEDIA  IN  TUBES  IN  RELATION  TO  AIR  FLOW 

sections  are  stacked  one  upon  another,  and  where  the  velocities  are  low,  so 
that  eliminators  need  not  be  used,  occasional  trouble  results  when  water 
splashes  down  from  one  cofl  to  the  next  and  blows  out  into  the  air  stream. 
In  such  cases  drip  troughs  as  shown  in  Fig.  10  are  used  to  collect  this  water 
and  conduct  it  to  the  condensate  pan. 

Sometimes  finned  surface  coils  on  summer  cooling  and  dehumidifying 
duty  are  provided  with  water  sprays.  These  sprays  are  of  two  types.  In 
the  first  type  a  set  of  spray  nozzles  is  arranged  for  intermittent  cleaning. 
These  sprays  are  not  operative  when  the  system  is  in  use  and  no  recircu- 
lating  pump  is  provided.  The  second  arrangement  requires  a  collecting 
tank  and  a  recirculating  pump.  The  water  is  in  circulation  whenever  the 
apparatus  is  in  operation,  and  assists  in  keeping  the  coil  clean  and  in  absorb- 
ing odors.  Fig.  11  illustrates  such  an  arrangement.  Wherever  air  by- 
passes are  used  around  a  coil  on  summer  duty  for  control  purposes,  it  is 
advantageous  to  direct  only  return  air  through  the  by-pass  rather  than  a 
mixture  of  return  and  outside  air.  The  casing  should  be  arranged  accord- 
ingly. To  maintain  the  air  quantity  handled  by  the  fan  reasonably  con- 
stant, and  to  assure  the  required  design  quantity  of  by-passed  air  when  the 
by-pass  damper  is  open,  cooling  coil  banks  are  frequently  furnished  with 
both  face  and  by-pass  dampers  as  shown  in  Fig.  9. 
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Although  both  heating  and  cooling  coils  are  made  of  sufficient  strength 
to  take  up  expansion  and  contraction  arising  within  themselves,  care  should 
be  taken  to  avoid  imposing  strains  from  the  piping  on  the  coil  connec- 
tions. (See  Chapter  20.) 

COIL  SELECTION 

In  the  selection  of  a  coil  it  is  necessary  to  consider  several  factors : 

1.  The  duty  required — heating,  cooling,  dekimidifying. 

2.  Temperature  of  entering  air — dry -bulb  only  if  there  is  no  dehumidification;  dry- 
and  wet-bulb  if  moisture  is  to  be  removed, 

3.  Available  heating  and  cooling  media. 

4.  Space  and  dimensional  limitations. 

5.  Mr  quantity  limitations. 

6.  Allowable  resistances  in  air  circuit  and  through  tubes. 


Drain      "insulation          Brip  pan 
FIG,  9.  TTPICAL  ABRANGEMENT  OF  COOLING  COILS  IN  A  CENTKAL  SYSTEM 

7.  Peculiarities  of  individual  designs  of  coils. 

8.  Individual  installation  requirements,  such,  for  example,  as  type  of  automatic 
control  to  be  used. 

The  duties  required  may  be  determined  from  information  in  Chapter  9, 
10, 11  and  12.  There  may,  or  may  not,  be  a  choice  of  cooling  and  heating 
media,  as  well  as  temperatures  available,  depending  upon  whether  the 
installation  is  new  or  is  in  combination  with  present  sources  of  heating  or 
cooling.  Space  limitations  are  dictated  by  the  requirements  of  individual 
cases.  The  air  quantity  is  influenced  by  a  number  of  considerations.  The 
air  quantity  through  heating  coils  is  often  made  the  same  as  that  necessary 
to  liandle  the  summer  cooling  load.  The  air  handled  may  be  fixed  by  the 
use  of  old  ventilating  ducts  as  the  air  distribution  system  for  new  air  condi- 
tioning apparatus,  or  may  be  dictated  by  requirements  of  satisfactory  air 
distribution  or  ventilation.  The  resistance  through  the  air  circuit  influ- 
ences the  fan  horsepower  and  speed.  This  resistance  may  be  limited  to 
allow  the  use  of  a  given  size  of  fan  motor,  or  to  keep  the  operating  expense 
low,  or  it  may  be  limited  by  the  maximum  fan  peripheral  velocity  which 
requirement  of  quietness  may  permit.  The  friction  through  the  water  or 
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brine  circuit  may  be  dictated  by  the  head  available  from  a  given  size  of 
pump  and  pump  motor.  As  the  fan  and  pump  motor  inputs  represent  a 
refrigerating  load  on  cooling  installations,  it  is  economical  to  keep  them  low. 
Proper  performance  of  a  surface  heating  or  cooling  coil  depends  upon 
correct  choice  of  the  original  equipment,  and  upon  certain  other  factors. 
The  usual  coil  ratings  are  based  on  a  uniform  face  velocity  of  air.  If  the 
air  is  brought  in  at  odd  angles  or  if  the  fan  is  located  so  as  to  block  part  of 
the  air  flow,  the  performance  as  given  in  the  manufacturer's  ratings  cannot 
usually  be  obtained.  To  obtain  rated  performance  it  is  necessary  that 
the  air  quantity  be  adjusted  on  the  job  to  that  used  in  determining  the  coil 
selection,  and  that  it  be  kept  at  this  value.  The  most  common  causes 
of  a  reduction  of  air  quantity  are  the  fouling  of  the  filters  and  collection  of 
dirt  in  the  coils.  These  difficulties  can  be  avoided  by  proper  design  and 
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proper  servicing.  There  are  a  number  of  ways  in  which  coils  may  be 
cleaned.  A  common  method  is  to  wash  them  off  with  water.  They  can 
sometimes  be  brushed  and  cleaned  with  a  vacuum  cleaner.  In  bad  cases 
of  neglect,  especially  on  restaurant  jobs  where  grease  and  dirt  have  accu- 
mulated, it  is  sometimes  necessary  to  remove  the  coils  and  wash  off  the 
accumulation  with  steam,  compressed  air  and  water,  or  hot  water.  The 
most  satisfactory  solution,  however,  is  to  keep  the  filters  serviced,  and  thus 
make  the  cleaning  of  the  coils  unnecessary. 

The  proper  selection  of  coils  requires  an  understanding  of  the  require- 
ments of  each  case,  and  should  be  based  on  an  economic  analysis  of  the  plant 
design  as  a  whole.  No  general  rule  can,  therefore,  be  laid  down  for  the 
selection  of  heating  or  cooling  coils.  It  is  possible,  however,  to  point  out 
the  limits  of  usual  practice  and  to  indicate  the  influence  of  the  variables 
involved  in  the  coil  selection. 

Heating  Coils 

and  hot  water  heating  coils  are  usually  rated  within  these  limits  : 


Air  Face  Velocity—  200  to  1200  fpm,  sometimes  up  to  1500  fpm. 
Steam  Pressure  —  2  to  200  psi,  sometimes  up  to  350  psi. 
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Hot  Water  Temperature— 150  to  225  F, 
Water  Telocity— 2  to  6  fps. 

Individual  cases  may  deviate  widely,  but  the  tabulation  given  herewith 
will  serve  as  a  guide  to  usual  heating  imidlaUon  practice: 

Air  Face  Velocity— 500  to  800  fpm  face,  500  being  a  common  figure. 

Delivered  Air  Temperature — varies  from  about  72  F  for  ventilation  only,  to  about 
150  F  for  complete  heating. 

Steam  Pressure — 2  to  10  psi,  5  psi  being  common. 

Hot  Water  Temperature— 150  to  225  F. 

Water  Velocity— 2  to  6  fps. 

Water  Quantity — Based  on  about  20  deg  temperature  drop  through  a  hot-water  coIL 

Air  Resistance—The  total  resistance  through  heating  coils  is  usually  limited  to 
from  f  to  |  in.  of  water  gage  for  public  buildings,  to  about  1  in.  for  factories. 

The  selection  of  heating  coils  Is  relatively  simple  as  it  involves  dry-bulb 
temperatures  and  sensible  heat  only,  without  the  complication  of  simul- 
taneous latent  heat  loads,  as  in  cooling  coils.  For  a  given  duty,  entering 
air  temperature,  and  steam  pressure,  it  is  possible  to  select  several  arrange- 
ments of  the  same  design  of  coil  depending  upon  the  relative  importance 
of  space,  cross-sectional  area,  and  air  resistance. 

Cooling  Coils 

Cooling  and  dehumidifying  coils  are  usually  rated  within  these  limits : 

Entering  Air  Dry-Bulb— 60  to  100  F. 
Entering  Air  Wet-Bulb— 50  to  80  F, 

Air  Face  Velocities — 300  to  800  fpm  (sometimes  as  low  as  200  and  as  high  as  1200) . 
Volatile  Refrigerant  Temperatures — 25  to  55  F,  at  coil  suction  outlet. 
Water  Temperatures— 40  to  65  F. 

Water  Quantities — 2  to  6  gpm  per  ton,  or  equivalent  to  a  water  temperature  rise  of 
from  4  to  12  deg. 

Water  Velocity— 2  to  6  fps. 

The  ratio  of  total  to  sensible  heat  removed,  varies  in  practice  from  1.00 
to  about  1.65,  i.e.,  sensible  heat  is  from  60  to  100  per  cent  of  total,  depend- 
ing on  the  application.  (See  Chapter  29.)  Since  required  ratios  may  de- 
mand wide  variations  in  air  velocities,  refrigerant  temperatureSj  and  coil 
depth,  general  rales  as  to  their  values  may  be  misleading.  On  usual  com- 
fort installations  air  face  velocities  between  400  and  600  fpm  are  frequent, 
500  being  a  common  value.  Refrigerant  temperatures  ordinarily  vary 
between  40  and  50  F  where  cooling  is  accompanied  by  dehumidification. 
Water  velocities  range  from  2  to  about  6  fps. 

When  no  dehumidification  is  desired,  for  which  condition  the  dew-point 
of  the  entering  air  is  equal  to  or  lower  than  the  cooling  coil  surface  temper- 
ature, the  coil  selection  is  made  on  the  basis  of  dry-bulb  temperatures  and 
sensible  heat  transfer  only,  the  same  as  with  heating  coils.  It  is  possible 
also  to  choose  various  arrangements  of  face  area,  depth,  air  velocity,  etc., 
for  the  same  duty. 

Dehtimidifying  Coils 

The  selection  of  coils  for  combined  cooling  and  dehumidifying  duty  is 
more  involved  than  for  heating  or  sensible  cooling,  and  requires  considera- 
tion of  both  dry-  and  wet-bulb  air  temperatures.  It  is  further  compli- 
cated by  the  fact  that  the  proportional  amount  of  dehumidification  required 
is  also  highly  variable.  The  methods  outlined  in  the  section,  Heat  Transfer 
and  Resistance,  may  be  used  to  determine  whether  it  is  possible  for  a  coil 
to  perform  the  duty  required.  If  entering  and  leaving  air  conditions  are 
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TABLE,  1.    VARIOUS  COOLING  COIL  AKHANGEMENTS 


SELECTION 

i 

• 

3 

4 

Total  cooling  capacity,  tons.-  

Sensible  cooling  capacity,  tons.... 
Latent  cooling  capacity,  tons- 
Ratio  total  to  sensible  heat 

100 
69 
31 
I  45 

100 
69 
31 
1,46 

100 
69 
31 

1  45 

100 
69 

31 
1  45 

Air  quantity,  cfm   . 

47  800 

41  700 

37  100 

46  800 

Cfm  per  total  ton.  

478 

417 

371 

'468 

Face  velocitv,  fpm.  

325 

423 

500 

600 

Resistance,  in.  water  

0.11 

0.27 

0.51 

037 

Coil  face  area,  sq  ft  

147 

99.0 

74.2 

78  1 

Coil  rows  deep.    r  „  ... 

4 

6 

8 

4 

Coil  evaporator  temp.  F  deg  

45 

45 

45 

38 

arbitrarily  specified,  the  corresponding  duty  sometimes  cannot  be  obtained 
at  all  without  the  use  of  reheat.  As  with  heating  and  sensible  cooling  coils, 
there  are  combinations  of  face  areas,  depth,  air  velocity  and  refrigerant 
temperatures  which  will  give  the  required  performance.  This  is  illustrated 
in  Table  1. 

It  is  possible  as  shown  in  Table  1  to  perform  approximately  the  same 
duty  at  a  given  refrigerant  temperature  with  small  face  area  and  large 
thickness  or  vice  versa.  The  large  face  area  coil  gives  low  air  velocity  and 
resistance,  but  high  air  quantities  per  ton.  The  coil  of  small  face  area  and 
great  depth  requires  small  air  quantities  per  ton  of  refrigeration,  high 
resistance  and  high  air  velocities.  As  shown  also  in  Table  1  the  same  sensi- 
ble, latent  and  total  cooling  capacity  may  be  obtained  with  various  refriger- 
ant temperatures  by  proper  choice  of  coil.  This  makes  it  possible  to  keep 
the  evaporating  temperature  high  enough  to  carry  the  load  with  a  chosen 
size  of  condensing  unit.  High  evaporating  temperatures  with  correspond- 
ingly  small  compressor  operating  expense  can  be  attained,  but  at  the  expense 
of  coil  surface,  air  quantity  or  both.  The  choice  will  be  determined  by  the 
necessities  of  individual  installations. 

For  a  given  quantity  and  condition  of  entering  air,  the  evaporating  tem- 
perature of  a  volatile  refrigerant  coil  is  determined  by  a  balance  between 
the  condensing  unit  and  the  coil.  The  total,  sensible  and  latent  cooling 
capacity  can  then  be  determined  from  the  coil  rating  information.  If  the 
condensing  unit  and  cooling  coil  have  been  properly  balanced  for  the  re- 
quired load  and,  due  to  miscalculated  duct  resistance  or  improper  choice 
of  fan  speed,  the  air  quantity  is  reduced,  the  total  cooling  capacity  will 
also  be  reduced.  The  decrease  generally  affects  the  sensible  capacity. 
This  is  also  true  when  the  air  by-pass  or  volume  control  is  used. 

It  is  necessary  that  not  only  the  total  capacity,  but  also  that  both  sensible 
and  latent  cooling  requirements  be  met.  The  installation  of  an  excess  of 
coil  results  in  an  increase  in  total  capacity,  but  not  in  proportion  to  gain  in 
latent  heat  capacity.  On  installations  controlled  from  dry-bulb  tempera- 
ture, the  operating  time  is  shortened  because  of  the  added  sensible  cooling 
capacity.  This  results  in  less  moisture  pick-up  and  higher  relative  humid- 
ity than  calculated.  If  an  overside  condensing  unit  is  installed,  the  oppo- 
site situation  occurs.  Generally,  this  is  not  a  disadvantage  except  that  it 
results  in  a  load  from  outside  air  greater  than  calculated,  as  well  as  in  in- 
creased power  consumption.  If  oversize  equipment  is  furnished,  a  balance 
should  be  made  to  assure  that  the  ratio  of  total  to  sensible  capacity  is  the 
same  as  in  the  estimated  load. 

Sometimes  arbitrary  air  quantities  are  specified  for  ventilation  or  other 
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TABLE  2.    CAPACITY  BALAKCBS  FOE  MAXIMUM  AND  MINIMUM  LOAD  CONDITIONS 


CONDITIONS 

CAPACITY  IN  TONS 

»«»sfe 

Total 

Sensible 

*  Latent 

Required  at  peak  load  conditions 

10.90 
6.62 
10.90 

9.S5 
8.38 
6.62 

7.90 
3.36 
7.90 

6,58 
5.05 
S.38 

3.00 
3,28 
3.00 

3.26 
3.33 
3.26 

1.38 
1.98 
1.38 

1.50 
1.66 
1.98 

Required  at  minimum  load  conditions..,....,  
Peak  load  equipment  balance  

Same  equipment  balanced  at  minimum  load 
conditions  ~._   ~     .  

Same  equipment  balanced  at  maximum  load 
conditions  with  40  per  cent  by-pass  
Same  equipment  balanced  at  minimum  load 
conditions  with  38,800  Btu  per  hour  reheat 

reasons  independent  of  the  selection  of  the  cooling  coil.  As  shown  in 
Table  1 ,  the  coil  selection  can  be  altered  to  take  care  of  various  air  quantities 
for  the  same  duty. 

Where  coil  and  condensing  unit  are  selected  for  the  peak  load  condition, 
and  the  sensible  load  partially  disappears  due  to  fall  of  outside  temperature 
or  other  cause,  the  condensing  unit  and  coil  will  rebalance.  This  may  ob- 
tain more  sensible  and  less  latent  capacity  than  required  at  the  light  load 
condition,  with  an  increased  rektive  humidity  in  the  conditioned  space. 
Such  a  condition  is  shown  in  Table  2.  If  approximately  40  per  cent  of  the 
total  air  is  by-passed,  the  condition  is  improved  as  indicated.  The  situa- 
tion may  be  entirely  avoided  by  using  reheat,  where  it  is  possible  to  handle 
any  ratio  of  sensible  and  latent  loads  and  maintain  the  design  temperature 
and  humidity.1 

Care  should  be  taken  to  avoid  freezing  at  light  loads.  In  general,  freez- 
ing occurs  when  the  coil  surface  temperature  falls  to  32  F.  With  usual  coils 
for  comfort  installations,  this  does  not  occur  unless  the  evaporating  tem- 
perature at  the  coil  outlet  is  about  20  to  25  F.  The  exact  value  depends 
on  the  design  of  the  coil  and  the  amount  of  loading.  Although  it  is  not 
customary  to  choose  coil  and  condensing  units  to  balance  at  low  tempera- 
tures at  peak  loads,  there  is  danger  of  this  occurring  when  the  load  decreases. 
This  is  further  aggravated  if  a  by-pass  is  used  so  that  less  air  is  passed 
through  the  coil  at  light  loads.  It  may  be  even  worse  if  the  control  is 
arranged  for  decrease  of  inside  temperature  with  fall  of  that  outside.  Freez- 
ing can  be  avoided  by  making  the  full  load  balance  a  high  evaporating 
temperature  and  checking  the  balance  at  the  minimum  load. 

Care  should  be  exercised  in  the  design  of  humidity  control  to  minimize 
the  cycling  of  the  refrigerating  compressor  because  of  re-evaporation  of 
moisture  from  the  fins.  It  is  sometimes  necessary  to  by-pass  air  around  a 
coil  when  the  compressor  is  not  operating. 

HEAT  TRANSFER  AND  AIR  FLOW  RESISTANCE 

The  transfer  of  heat  between  the  heating  or  cooling  medium  and  the  air 
stream  is  influenced  by  several  variables : 

1.  The  temperature  difference. 

2.  The  design  and  surface  arrangement  of  the  coil. 

3.  The  velocity  and  character  of  the  air  stream. 

4.  The  velocity  and  character  of  the  medium  in  the  tubes. 

The  driving  force  is  usually  taken  as  the  logarithmic  mean  temperature 
difference  for  heating  or  cooling  without  dehumidificatlon.  For  combined 
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cooling  and  dehumidification,  the  logarithmic  difference  does  not  apply 
strictly,  and  such  problems  should  be  handled  as  described  in  a  later  section 
on  Performance  of  Deliumldifying  Coils.  With  volatile  refrigerants  there 
is  often  an  appreciable  pressure  drop  and  corresponding  change  in  evaporat- 
ing temperature  through  the  refrigerant  circuit.  The  problem  is  further 
complicated  by  the  fact  that  the  refrigerant  is  evaporating  in  part  of  the 
circuit,  and  superheating  in  the  remainder.  In  spite  of  this,  heat  transfer 
and  ratings  for  coils  using  volatile  refrigerants  are  usually  based  on  a 
refrigerant  temperature  corresponding  to  the  average  pressure  in  the  coil. 

The  design  and  surface  arrangement  of  the  coil  include  such  items  as 
materials,  type,  thickness,  height  and  spacing  of  the  fins,  and  the  ratio  of 
this  surface  to  that  of  the  tube,  the  use  of  the  staggered  or  in-line  tube 
arrangement,  and  provisions  to  increase  the  air  turbulence  such  as  the  use 
of  corrugated  as  against  flat  fins.  Staggered  tubes  increase  the  total  heat 
transfer,  as  against  the  in-line  arrangement,  and  corrugated  fins  may  be  more 
effective  than  flat.  This  design  and  surface  arrangement  has  a  large  effect- 
on  the  air  film  heat  transfer  resistance. 

The  velocity  of  the  air  usually  considered  is  the  coil  face  velocity.  This 
bears  a  varied  relation  to  the  actual  velocity  over  the  surface,  depending  upon 
the  individual  coil  design.  As  long  as  a  fixed  design  of  coil  is  under  con- 
sideration face  velocities  may  be  used,  but  they  may  be  unsatisfactory  in 
comparing  different  designs,  as  it  is  the  actual  surface  velocity  that  is  signifi- 
cant. The  air  volume  is  often  based  on  standard  air  at  70  F  and  a  baro- 
metric pressure  of  29.92  in.  Hg.  The  use  of  air  volume  in  coil  rating 
information  may  b©  misleading.  The  significant  value  is  mass  velocity  in 
pounds  per  (minute)  (square  foot  of  face  area)  and  not  cubic  feet  per  minute, 
because  for  a  fixed  volume  the  corresponding  weight  may  vary  widely, 
depending  upon  the  temperature  and  barometric  pressure. 

At  the  same  mass  air  velocity,  varying  performance  can  be  obtained 
depending  upon  the  tobulence  of  the  air  flow  into  the  coil,  and  upon  the 
uniformity  of  distribution  of  air  over  the  coil  face.  The  latter  is  very  im- 
portant in  obtaining  reliable  test  ratings  and  in  realizing  rated  performance 
in  practical  installations.  The  resistance  through  the  coils  will  assist  in 
distributing  the  air  properly,  but  where  the  inlet  duct  connections  are 
brought  in  at  sharp  angles  to  the  coil  face,  the  effect  is  frequently  bad  and 
there  may  even  be  reverse  air  currents  through  the  coils.  This  reduces 
the  capacity,  but  can  be  avoided  by  proper  layout  or  by  the  use  of  directing 
baffles. 

Heat  transfer  depends  also  upon  the  velocity  of  the  medium  in  the  tubes 
and  upon  its  character,  whether  flowing  water,  condensing  steam  or  evapo- 
rating volatile  refrigerant.  Heat  transfer  rates  expressed  as  Btu  per  (square 
foot  of  internal  surface)  (degree  logarithmic  mean  effective  temperature 
difference  between  the  fluid  and  tube  wall)  are,  for  example:  about  150  to 
300  for  evaporating  dichlorodifluoromethane,  about  350  to  1200  for  water 
at  2  and  6  fps,  and  about  1200  for  condensing  steam.  The  influence  of 
the  medium  in  the  tubes  on  the  overall  heat  transfer  rate  is  therefore 
apparent. 

Because  of  these  variables,  reliable  rating  and  performance  information 
for  any  design  of  coil  must  be  based  on  actual  tests  on  that  coil  under  the 
expected  conditions  of  operation.  A  comparison  between  the  performance 
of  two  designs,  unless  based  on  such  tests  on  each,  may  lead  to  entirely 
erroneous  conclusions.  Details  on  coil  calculation  and  performance  follow. 
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The  performance  of  heating  and  dry  cooling  coils  depends  In  general 
upon : 

1.  The  overall  coefficient  of  heat  transfer  from  the  fluid  within  the  col!  to  the  air 
It  heats  or  cools. 

2.  The  mean  temperature  difference  between  the  fiuid  within  the  coil  and  the  air 
flowing  over  the  coil. 

3.  The  physical  dimensions  of  the  coil. 

Thus,  for  any  one  definite  operating  condition,  the  heating  or  cooling 
capacity  of  a  given  coil  Is  expressed  by  the  following  basic  formula : 


gt  «  Z7  X  (AfeO  X  4  X  N  (1) 

u?Aere 

gt  =  total  heat  transferred  by  the  coil,  Btu  per  (hour)  (square  foot  of  coil 
face  area). 

U  =  overall  coefficient  of  heat  transfer,  Btu  per  (hour)  (square  foot  of  exter- 
nal coil  surface)  (Fahrenheit  degree  temperature  difference  between  the 
fluid  within  the  coil  and  the  air  flowing  over  the  coil). 

A£m  =  mean  temperature  difference,  Fahrenheit  degrees,  between  the  fluid 
within  the  coil  and  the  air  passing  over  it.  (This  is  commonly  taken  as 
the  logarithmic  mean  temperature  difference) . 

A  =  external  surface  area  of  the  given  coil,  square  feet  per  (square  foot  of 
coil  face  area)  (row  of  coil  depth). 

N  =  number  of  rows  of  coil  depth. 

Overall  Coefficient  of  Heat  Transfer 

Of  all  factors  affecting  the  performance  of  heating  or  dry  cooling  coils, 
the  overall  coefficient  of  heat  transfer  is  the  most  difficult  to  determine,  as 
it  is  influenced  by  several  factors  which  depend  upon  coil  design  and  con- 
ditions of  operation. 

Considering  any  coil,  whether  of  bare  pipe  or  of  finned  type,  the  overall 
heat  transfer  coefficient  for  a  given  size  and  design  of  coil  can  always  be 
considered  as  a  combined  effect  of  three  individual  heat  transfer  coef- 
ficients, namely: 

1.  The  film  coefficient  of  heat  transfer  between  air  and  the  external  surface  of  the 
coil,  usually  given  in  Btu  per  (hour)  (square  foot  external  surface)  (Fahrenheit 
degree  mean  temperature  difference) . 

2.  The  coefficient  of  heat  transfer  through  the  coil  material — tube  wall,  fins,  ribs, 
etc. 

3.  The  film  coefficient  of  heat  transfer  between  the  internal  surface  of  the  coil  and 
the  fluid  flowing  within  the  coil,  usually  given  in  Btu  per  (hour)  (square  foot  internal 
surface)  (Fahrenheit  degree  mean  temperature  difference). 

These  three  individual  coefficients  acting  in  series  result  in  an  overall 
coefficient  of  heat  transfer  in  accordance  with  the  basic  laws  given  in  Chap- 
ters 5  and  9.  For  a  bare  pipe  coil  the  overall  coefficient  of  heat  transfer, 
whether  for  heating  or  for  cooling  (without  dehumidification),  can  be  ex- 
pressed by  a  simplified  basic  formula  as  follows : 

U "  R     L  tl  (2) 
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where 

U  =*  overall  coefficient  of  heat  transfer,  Btu  per  (hour)  (square  foot  external  sur- 
face) (Fahrenheit  degree  mean  temperature  difference  between  air  and  fluid 
within  the  coil) . 

/i  «  film  coefficient  of  heat  transfer  between  the  internal  surface  of  the  coil  and 
the  fluid  flowing  within  the  coil,  Btu  per  (hour)  (square  foot  internal  sur- 
face) (Fahrenheit  degree  mean  temperature  difference  between  that  surface 
and  the  average  fluid  temperature), 

fa  =  film  coefficient  of  heat  transfer  between  air  and  the  external  surface  of  the 
coil,  Btu  per  (hour)  (square  foot  external  surface)  (Fahrenheit  degree  mean 
temperature  difference  between  the  mass  of  air  and  the  external  surface) . 

k  K  conductivity  of  material  from  which  the  bare  pipe  is  constructed,  Btu  per 
(hour)  (square  foot)  (Fahrenheit  degree  per  inch  thickness). 

L  =  thickness  of  tube  wall,  inches. 

R  =  ratio  between  external  and  internal  surface  of  the  bare  tube,  usually  varying 
from  1.03  to  1.15  for  the  tube  used  in  typical  heating  or  cooling  coils.  This 
ratio  R  is  inserted  in  the  formula  in  order  to  place  internal  fluid  coefficient 
of  heat  transfer  on  the  basis  of  external  surface. 

Frequently,  when  pipe  or  tube  walls  are  thin  and  of  material  having 
high  conductivity  (as  is  the  case  in  construction  of  typical  heating  and 
cooling  coils)  the  term  L/k  in  Equation  2  becomes  negligible  and  is  gener- 
ally disregarded.  (The  effect  of  the  term  L/k  in  typical  bare  pipe  heating 
or  cooling  coils  seldom  exceeds  1  to  2  per  cent  of  the  overall  coefficient] 
Thus,  in  its  simplest  form,  for  bare  pipe: 


(3) 


For  finned  coils  the  formula2  for  the  overall  coefficient  of  heat  transfer 
can  be  conveniently  written : 


7^7, 

in  which  the  term  77,  called  the  Jin  efficiency,  is  introduced  to  allow  for  the 
resistance  to  heat  flow  encountered  in  the  fins. 

The  term  R,  in  this  case,  is  the  ratio  of  total  external  surface  to  internal 
surface.  For  typical  designs  of  finned  coils  for  heating  or  cooling,  this 
ratio  varies  from  10  to  30.  Term  R  is  again  introduced  to  place  the  internal 
surface  coefficient  of  heat  transfer  on  a  basis  of  external  surface.  In  the 
discussions  which  follow,  coefficients  /i  and  TJ/O  will  be  considered  sepa- 
rately, and  also  various  ways  of  combining  them  will  be  outlined. 

The  performances  of  all  heating  and  dry  cooling  coils  are  influenced  by 
these  same  factors.  But,  when  cooling  coils  operate  wet  or  act  as  de- 
humidifying  coils,  the  performance  cannot  be  predicted  on  the  basis  of 
overall  coefficients,  and  an  analysis  must  be  made  on  the  basis  of  individual 
film  coefficients  as  will  be  explained. 
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When  a  cooling  coil  operates  with  a  surface  temperature  which  is  below 
the  dew-point  of  the  air  entering  the  coil,  moisture  is  condensed  and  the 
air  leaves  the  coil  with  a  humidity  ratio  lower  than  it  had  when  it  entered 
the  coil.  To  understand  the  performance  of  surface  coils  under  such  con- 
ditionSj  assume  that  air  enters  a  cooling  coil  at  conditions  corresponding  to 
point  1  in  Fig.  12.  As  long  as  the  surface  temperature  of  the  coil  is  above 
the  dew-point,  the  air  is  cooled  without  dehumidification,  and  its  condition 
leaving  the  coil  will  be  somewhere  on  line  1-A.  Its  exact  position  on  this 
line  depends  on  the  air  velocity  and  the  external  film  coefficient,  as  well  as 
upon  the  surface  temperature.  When  the  surface  temperature  just  equals 
the  dew-point,  the  air  leaves  with  conditions  represented  by  point  A.  If 
the  surface  temperature  is  below  the  dew-point,  condensation  takes  place, 
and  the  air  has  a  final  condition  somewhere  along  the  line  A-2-3  which  is  a 
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line  at  a  constant  horizontal  distance  from  the  saturation  curve.  It  should 
be  understood  that  the  line  l-A-2-3  is  not  intended  to  represent  the  path 
of  the  condition  of  the  air  as  it  passes  through  the  coil  from  row  to  row.  It 
is  simply  the  path  traced  by  the  exit  air  conditions  as^the  surface  temper- 
ature is  gradually  reduced  with  other  conditions  remaining  constant.3 

In  the  process  of  dehumidification,  since  heat  is  being  transferred  to  the 
coil  surface  by  two  different  mechanisms  (convection  and  condensation), 
it  is  evident  that  an  overall  coefficient  of  heat  transfer  cannot  be  deter- 
mined by  the  same  method  used  for  heating  and  for  dry  cooling  coils. 
However,  if  it  is  assumed  that  the  sensible  heat  transfer  of  a  dehumidifying 
coil  is  unaffected  by  the  presence  of  moisture  on  its  surface.  Equation  5 
may  be  obtained  to  express  this  part  of  the  heat  transfer  in  terms  of  the 
external  film  coefficient  and  the  surface  temperature. 


gft  »  /«  X  A  X  N  X  (At.) 


(5) 


where 


q*  =»  sensible  heat  transferred,  Btu  per  (hour)  (square  foot  of  coil  face  area) . 
h  «  dry-bulb  temperature  of  air  entering  coil,  Fahrenheit  degrees. 
ts  «  dry-bulb  temperature  of  air  leaving  coil,  Fahrenheit  degrees. 
t*  -*  average  temperature  of  coil  external  surface,  Fahrenheit  degrees. 
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Ai0  ~  logarithmic  mean  temperature  difference  between  air  and  coil  surface  ** 


,  l-n 

log.--—- 
ta  —  IB 

If  Equation  5  is  combined  with  another  equation  expressing  sensible 
heat  transfer  in  terms  of  mass  velocity  and  temperature  difference,  the 
variables  may  be  arranged  in  the  following  form  (which  is  useful  for  the 
solution  of  dehumidification  problems  and  for  the  determination  of  /0  from 
test  data)  ; 


or. 

f*AN 
0250 

where 

0.243  =  specific  Ixeat  of  humid  air,  Btu  per  (pound)  (Fahrenheit  degree). 
G  =  air  mass  velocity,  pounds  per  (hour)  (square  foot  of  coil  face  area). 

An  examination  of  Fig.  12  will  reveal  that  when  tB  is  at  the  dew-point  of 
the  entering  air  : 

ti  —  t&        tl  ""•  £dpl 


and  when  ta  is  below  the  dew-point  : 


tz  —  1  8          fa  "~  £dp2 

Therefore,  Equation  6  may  be  written  in  its  most  useful  form  as  : 

fa*  AN  t,j  —  £dpl        ,          ^1  —  £a  f  ^ 

O^G  =  Ioge  ^1^  =  loge  ^7a  (7) 

where 

t&  =  minimum  dry-bulb  possible  without  dehumidification,  Fahrenheit  degrees 
tdpl  as  dew-point  of  air  entering  coil,  Fahrenheit  degrees. 
Upz  «=  dew-point  of  air  leaving  coil,  Fahrenheit  degrees. 

This  equation  may  be  used  to  establish  a  line,  as  A-2-3,  for  a  given  coil 
if  /0  is  known  for  the  coil,  or  it  may  be  used  to  determine  /0  from  test  data 
for  the  purpose  of  rating  coils.  The  use  of  this  equation  for  coil  selection  is 
illustrated  in  Example  1  at  the  end  of  the  chapter.  Equation  7  is  also 
important  as  a  means  of  determining  the  external  film  coefficient. 

External  Film  Coefficient 

While  formulas  have  been  developed  expressing  the  film,  coefficient  /0  for 
air  passing  parallel  to  a  plane  surface,  they  cannot  be  used  directly  for  fins 
on  tubes  because  of  air  turbulence,  and  because  of  the  temperature  gradient 
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prevalent  from  the  of  a  fin  to  its  center.  It  is  therefore  necessary  to 
make  tests  to  evaluate  the  combined  term  ij/0.  The  term,  ^/OJ  will  be 
written  merely  /0  in  this  discussion  as  there  is  no  necessity  for  separately 
evaluating  77,  and  because  values  of  /0  are  usually  applied  only  to  the  partic- 
ular coils  for  which  tests  are  made. 

The  air  side  coefficient, /<>,  of  a  coil  of  particular  dimensions  is  an  expon- 
ential function  of  the  mass  velocity  of  the  air : 

/iy  /TB  /Q\ 

o  =  Z  dm  (S) 

where 

f0  as  film  coefficient  of  heat  transfer,  Btu  per  (hour)  (square  foot  asternal 
surface)  (Fahrenheit  degree  mean  temperature  difference  between  air 
and  average  surface  temperature). 

G  =  air  mass  velocity ,  pounds  per  (hour)  (square  foot  of  coil  face  area). 
Z  and  n  =  constants  which  depend  upon  both  air  turbulence  and  surface  arrange- 
ment. 

Evaluation  of  constants  Z  and  n  may  be  accomplished  through  the  use 
of  test  data  in  Equation  7  which  gives  values  of  /ia  directly  from  the  results 
of  any  wet  coil  test.  If  /0,  calculated  in  this  manner,  is  plotted  against 
values  of  G  which  prevailed  during  the  tests  a  straight  line  should  result 
on  logarithmic  coordinates.  The  slope  of  this  line  is  the  value  of  n.  The 
value  of  Z  may  then  be  determined  by  direct  substitution  in  Equation  8. 

For  finned  coils  of  different  designs,  values  of  Z  and  n  are  extremely  vari- 
able, depending  on  the  particular  design  and  arrangement  of  the  coil  surface. 
Therefore,  it  is  desirable  that  these  constants  be  determined  directly  from 
test  data  for  each  type  of  coil  surface. 

Internal  Film  Coefficient 

The  internal  film  coefficient,/!  which  appears  in  Equation  3,  is  evaluated 
in  various  ways,  depending  upon  the  nature  of  the  fluid,  and  whether  the 
fluid  is  changing  state. 

When  evaporating  refrigerants  are  used  in  tubes,  the  temperature  of  the 
fluid  is  fairly  constant,  being  affected  principally  by  pressure  drop  through 
the  tubes,  by  superheat  of  the  evaporated  refrigerant,  and  by  the  presence 
of  oil  in  solution.  To  obtain  maximum  coil  capacity  it  is  necessary  to  keep 
the  pressure  drop  through  the  tubes  at  a  minimum,  to  keep  the  superheat 
as  low  as  possible  without  carrying  liquid  back  to  the  compressor,  and  to 
arrange  for  good  separation  and  return  of  oil  to  the  compressor.  Another 
important  factor  is  the  removal  of  gas  to  keep  the  tube  surface  flooded  with 
liquids  as  much  as  possible.  The  internal  film  coefficient  is  markedly  in- 
creased by  heavy  heat  loads,  because  the  increased  turbulence  and  gas 
velocity  cause  good  contact  of  the  liquid  with  the  tubes.  Values  of  fi 
usually  lie  between  150  and  450.  .  For  rating  of  dehumidifying  coils,  satis- 
factory results  are  obtainable  by  first  determining  the  average  external  sur- 
face temperature  from  Equation  7,  and  then  using  the  difference  between 
the  external  film  temperature  and  the  refrigerant  for  evaluating  /t  in 
Equation  9. 

/i==_Ji_ 

T(*'~g 
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f%  *  Internal  film  of  heat  transfer!  Bta  per  (hour)  (square  foot  of 

internal  tube  surface)  (Fahrenheit  degree). 
tT  **  average  refrigerant  temperature^  Fahrenheit  degrees. 

To  evaluate  /i  by  this  method  the  same  tests  that  were  required  to 
determine /0  mar  be  used. 

When  water  is  the  cooling  medium  In  tubes,  the  rate  of  heat  transfer  Is 
a  function  of  its  velocity,  which  Influences  the  number  of  contacts  of  the 
water  molecules  with  the  tube  surface,  per  unit  of  time.  Increased  water 
velocity  and  reduced  tube  diameter  cause  increased  heat  transfer.  Heat 
transfer  Is  also  greater  at  higher  temperatures  of  the  water.  The  basic 
formula  for  the  film  coefficient  of  heat  transfer  for  flow  of  water  In  smooth 
tubes  is  as  follows : 

ms 
/i- 1.58  + 100)  —  (10) 

where 

V  «=  water  velocity,  feet  per  second. 
D  «=  internal  diameter  of  tube,  Inches. 
I  «*  average  water  temperature,  Fahrenheit  degrees. 

Equation  10  should  not  be  used  when  Reynolds  Number  is  less  than  2000. 

Since,  in  the  case  of  finned  tubes  using  water  as  a  refrigerant,  test  values 
of  /£  based  on  the  calculated  surface  temperature  for  the  entire  coil  may 
be  lower  than  those  obtained  by  use  of  Equation  10,  actual  test  results  are 
preferred  if  available. 

When  saturated  steam  is  condensed  In  the  tubes  of  coils,  the  film  coef- 
ficient /i  varies  from  1000  to  2000,  depending  on  freedom  from  air  In  the 
steam,  and  upon  good  drainage  of  the  tubes.  The  coefficient  is  fairly  con- 
stant for  a  particular  coil,  giving  values  of  (ts  —  t)  that  are  directly  propor- 
tional to  gt.  However,  if  water  coil  test  results  are  analyzed  on  a  row-by- 
row  basis  good  agreement  with  Equation  10  will  result.4 

The  use  of  turbulence  promoters  increases  the  value  of  fi  for  liquids  in 
tubes  at  the  expense  of  pressure  drop.  The  increase  obtained  depends  upon 
the  type  of  turbulence  promoter  and  the  rate  of  flow.  No  general  state- 
ment can  be  made  regarding  their  use,  and  it  is  best  to  refer  to  detailed 
papers  on  this  subject  for  further  information.4*1 

Determining  Size  of  Cooling  Coil 

To  illustrate  the  use  of  individual  film  coefficients  in  coil  calculations, 
the  procedure  for  selecting  the  proper  size  cooling  coil  and  for  deteimining 
exit  air  condition,  coil  surface  temperature,  total  coil  load  and  refrigerant 

temperature,  Is  outlined  in  Example  1. 

Example  1 .  An  industrial  application  requires  the  cooling  of  a  certain  quantity  of 
air  from  a  condition  of  102  F  dry-bulb  and  85  F  wet-bulb  to  a  final  condition  of  80.5  F 
dry -bulb  and  73  F  wet-bulb.  The  air  velocity  across  the  coil  is  to  be  400  fpm  and  coil 
data  are  as  follows:  /.  —  10.7  at  400  fpm,  /i  «  326,  external  surface  area  «  15  sq  ft 
per  (square  foot  of  face)  (row  of  coil  depth),  ratio  of  external  surface  area  to  internal 
surface  area  -«  15. 

Solution.  t  (1)  Lay  put  the  problem  psychrometry  as  indicated  in  Fig.  13  and  note 
that  the  minimum  horizontal  distance  between  the  load  ratio  line  and  the  saturation 
curve  is  1.8  F  dry-bulb  at  point  A  Fig,  13.  This  means  that  U  —  (dps  in  Equation  7 
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must  not  be  less  than  1.8,    Therefore,  Equation  7  should  be  solved  for  N  to  deter- 
mine the  proper  number  of  rows  to  be  used  for  the  coil. 


102  -SO 


log®  12.22  =  2.5 


0.2431?  fe-^cipi  1.8 

Then  substituting  values  for/0,  A9  and  <7,  N  may  be  found  as  follows : 
10.7  X  15A? 


0.243  X  1740 


<  2.5  from  which,  A'  =  6.58 


40  50          €0  70  80  90 

Fro.  13.  PSTCHROMETSIC  LAYOUT  FOR  COIL  SELECTION 

(2)  This  establishes  the  maximum  whole  number  of  coil  rows  that  can  be  used  as  6,  and 
it  is  now  possible  to  determine  the  actual  location  of  the  exit  air  conditions  from 
Equation  7  by  solving  for  the  actual  value  of  fa  —  fdPs  for  a  6  row  coil. 

10.7X  15X6  102-80 


This  establishes  values  of  9.78  for 


0.243  X  1740  U  - 

1  ~   dpl 


fa  — 


R  and  2.25  for  fe  - 


(3)  Next,  the  exit  air  condition  at  57.3  F  dry-bulb  and  56  F  wet-bulb  as  shown  at  B,  is 
found  by  locating  a  point  on  the  load  ratio  line  at  a  horizontal  distance  of  2.25  dry- 
bulb  degrees  from  the  saturation  curve. 

(4)  The  surface  temperature  may  now  be  found  from  Equation  7  which  may  also  be 
written  as  : 

.       Bfa  -  fa 


5-1 


where 


B 


fa  —  idpl 
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(5)  The  total  coll  load  may  be  calculated  from  the  enthalpy  difference  across  the  col! 
and  the  air  quantity  using  the  weight  of  dry  air  instead  of  the  weight  of  the  mixture, 


ft 


1700  (49,24  -  23.77)  =  Btu  per  (hr)  (sq  ft  of  face  area) 


where 


C?»  =  weight  of  dry  air  per  (hour)  (square  foot  of  coil  face  area). 

hi  =  enthalpy  of  air  vapor  mixture  entering  coil,  Btu  per  pound  of  dry  air. 

hi  =  enthalpy  *of  air  vapor  mixture  leaving  coil,  Btu  per  pound  of  dry  air. 
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FlG.  14.  PSYCHROMETBIC  LAYOUT  FOB  COIL  SELECTION  USING  REHEAT 

(6)  The  refrigerant  temperature  may  be  found  from  Equation  9 
-«>(<.-*,)  =22.1 


Therefor®,  t,  =  (52.3  -  22.1)  «  30.2. 

Thus  a  coil  6  rows  deep,  operating  at  a  refrigerant  temperature  of  30.2  F  and  a  face 
velocity  of  4(X)  fpm,  is  required;  and  it  will  carry  a  total  load  of  43,200  Btu  per  (hour) 
(square  foot  of  face  area) .  The  air  conditions  leaving  the  coil  are  too  low  for  the  con- 
ditions of  the  problem  and  therefore  it  is  necessary  to  by -pass  air  at  the  entering 
condition  to  obtain  the  desired  result  of  80.5  F  dry -bulb  and  73  F  wet-bulb. 

Although  the  preceding  solution  is  satisfactory,  it  may  be  more  desirable  in  some 
cases  to  use  a  higher  refrigerant  temperature  and  employ  reheat  to  obtain  the  desired 
load  ratio.  Such  a  solution  is  shown  in  Fig.  14.  In  this  case,  the  coil  load  ratio  line 
intersects  the  saturation  curve  and,  therefore}  a  coil  of  any  depth  may  be  selected. 

If  a  coil  depth  of  6  rows  is  maintained,  the  exit  air  conditions  for  the  coil  are  indi- 
cated at  point  B  Fig.  14  as  72.3  F  dry-bulb  and  70.8  F  wet-bulb  and  the  surface  temper- 
ature will  be: 
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9.78  X  72.3  -  102 


3.78 


=  69,0 


The  col!  load  will  be:  ft  «  1700  (49.24  -  34.66)  »  Btu  per  (hour)  (square  foot 

of  face  area)  and  the  refrigerant  temperature  will  be  found  from  Equation  9: 

24'S°°  ---,-*-  12.7 


,        e      325      w 

15  X  6  X  — 
15 

Therefore,  it  =  69.0  -  12.7  =  56.3. 

Thus,  for  the  case  where  reheat  is  used,  a  coil  8  rows  deep  operating  at  a  refrigerant 
temperature  of  58.3  F  is  required.  The  total  coil  load  will  be  24,800  Btu  per  (hour) 
(square  foot  of  face  area)  but  the  actual  effective  load  mill  be  less  by  the  amount  of 
reheat  required.  Therefore,  for  a  given  load,  a  larger  coil  and  more  refrigerating 
capacity  are  required  when  reheat  is  used. 

IN  35 

j?  =  fin  efficiency. 

A  =  external  area  of  coil,  square  feet  per  (square  foot  of  coil  face  area)  (row 
of  coil  depth). 


D  =  Internal  diameter  of  tube,  inches. 

G  =  air  mass  velocity,  pounds  per  (hour)  (square  foot  of  coil  face  area). 

Qi  «  dry  air  mass  velocity,  pounds  dry  air  per  (hour)  (square  foot  of  coil  face 

area)  . 
fi  =  film  coefficient  of  heat  transfer  between  fluid  and  internal  coil  surface, 

Btu  per  (hour)  (square  foot  internal  surface)  (Fahrenheit  degree  mean 

temperature  between  fluid  and  surface). 
/0  —  film  coefficient  of  heat  transfer  between  air  and  external  coil  surface; 

Btu  per  (hour)  (square  foot  external  surface)  (Fahrenheit  degree  mean 

temperature  difference  between  air  and  coil). 

hi  «  enthalpy  of  air-vapor  mixture  entering  coil,  Btu  per  pound  of  dry  air. 
As  =  enthalpy  of  air  -vapor  mixture  leaving  coil,  Btu  per  pound  of  dry  air. 
k  =  conductivity  of  pipe  or  tube  material,  Btu  (square  foot)  (hour)  (Fahren- 

heit degree  per  inch  thickness)  . 
L  =  thickness  of  tube  wall,  inches. 
N  ~  number  of  rows  of  coil  depth. 
n  =  a  constant,  exponent  of  G  in  Equation  8,  obtained  by  plotting,  on  loga- 

rithmic coordinates,  G  against  values  of  /<,.    The  vaJue  of  n  Is  the  slope 

of  the  line. 

gs  =  sensible  heat  transferred,  Btu  per  (hour)  (square  foot  of  coil  face  area)  . 
3t  =  total  heat  transferred  by  coil,  Btu  per  (hour)  (square  foot  of  face  area)  . 
R  »  ratio  between  external  and  internal  surface  of  tube. 
t  =  average  water  temperature,  Fahrenheit  degrees. 
^  sss  dry-bulb  temperature  of  air  entering  coil,  Fahrenheit  degrees. 
h  SB  dry-bulb  temperature  of  air  leaving  coil,  Fahrenheit  degrees. 
£a  =  minimum  dry-bulb  temperature  possible  without  dehumidification, 

Fahrenheit  degrees. 
tdpl  =s  dew-point  of  air  entering  coil,  Fahrenheit  degrees. 
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fcpx  «  dew-point  of  air  leaving  coil,  Fahrenheit  degrees. 
tt  **  average  refrigerant  temperature  ?  Fahrenheit  degrees. 
f»  *  average  temperature  of  external  surface  of  coil!  Fahrenheit  degrees. 
Aim  =  mean  temperature  difference  between  fluid  in  coil  and  air  passing  over 
coil 3  Fahrenheit  degrees. 
XOTB;  Aim  is  usually  the  logarithmic  mean. 

AJP  «  logarithmic  mean  temperature  difference  between  air  and  coil  surface. 

U  -  overall  coefficient  of  heat  transfer,  Btu  per  (hour)  (square  foot  of  exter- 
nal coil  surface)  (Fahrenheit  degrees  temperature  difference  between 
fluid  in  coil  and  air  flowing  over  coil). 

V  «  water  Telocity,  feet  per  second, 

Z  »  a  constant  for  use  in  Equation  8  obtained  by  plotting  on  logarithmic 
coordinates  <?  against  values  of /<>. 

NOTE:  Numerical  subscripts  refer  to  condition  entering  and  leaving 
respectively. 
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CHAPTER  36 

REFRIGERATION 

Refrigeration  Theory:  Definitions  and  Basic  ConceptSj  Refrigerants3  Vapor 

Compression  Refrigeration  Cycles,  Clearance  and  Volumetric  Efficiency* 

Complex  Refrigeration  Cycles,  Air  Cycle5  Steam  Jet,  Absorption 

and  Ice  Systems,  Heat  Pump;  Basic  Refrigeration  Equipment; 

Compression    Machines,    Condensers,    Evaporators    and 

Coolers;  Refrigeration  Controls,  Piping  and  Accessories; 

Equipment  Characteristics  and  Selection 


WITH  the  Increasing  use  of  all-year  comfort  air  conditioning  instal- 
lations, the  importance  of  refrigeration  to  the  air  conditioning  engineer 
has  been  greatly  magnified.  The  details  of  equipment  operation,  mainte- 
nance and  design  remain  problems  for  the  refrigeration  engineer,  but  the 
air  conditioning  engineer  does  retain  a  responsibility  to  the  customer  which 
requires  on  his  part  some  knowledge  of  the  different  refrigeration  cycles 
and  the  relative  merits  of  each.  In  order  to  assist  in  meeting  this  need, 
the  present  chapter  has  been  divided  into  four  parts,  the  first  covering  the 
fundamental  technical  relationships  which  govern  the  selection  and  analysis 
of  an  operating  cycle,  the  next  two  presenting  brief  discussions  of  basic 
refrigerating  equipment  and  auxiliaries,  and  the  last,  information  on  selec- 
tion criteria. 

REFRIGERATION"  THEORY 
Definitions  and  Basic  Concepts 

The  ton  of  refrigeration  is  a  quantity  unit  which  originated  in  the  days 
when  harvested  ice  was  the  principal  source  of  summer  cooling.  By  defi- 
nition the  ton  is  the  cooling  effect  realized  when  one  ton  of  32  F  ice  melts 
to  water  at  32  F ;  since  the  latent  heat  of  fusion  of  ice  is  144  Btu  per  pound, 
the  ton  represents  a  unit  cooling  effect  of  144  X  2,000  »  288,000  Btu.  In 
common  practice  the  ton  is  usually  considered  a  rate  (rather  than  quantity) 
unit,  and  is  taken  as  288,000  Btu  per  day  (24  hours),  or  12,000  Btu  per  hour, 
or  200  Btu  per  minute.  Thus  for  air  conditioning  calculations,  the  size  of 
the  requisite  refrigeration  machine,  expressed  in  tons,  can  be  obtained  by 
dividing  the  heat  gain  of  the  structure,  expressed  in  Btu  per  hour,  by  12,000. 
In  equation  form : 

IT*  «  (Btu  per  hour  beat  gain)  •*•  12,000  (1) 

where 

jjt  *  load  in  tons. 

The  working  substance,  or  refrigerant,  is  the  fluid  which  carries  heat 
through  the  refrigeration  cycle  from  the  evaporator,  where  heat  enters  the 
refrigerant,  to  the  condenser  where  the  heat  is  discharged  to  some  cooling 
medium.  The  great  majority  of  modern  refrigeration  systems  use  a  liquefi- 
able  vapor  as  the  working  substance.  By  altering  the  pressure  of  the 
refrigerant  its  boiling  temperature  is  changed,  allowing  the  material  to  boil 
in  the  evaporator  at  a  temperature  sufficiently  lower  than  that  of  the  con- 
ditioned space,  to  insure  maintenance  of  an  effective  heat  transfer  rate  from 
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the  (or  in  from  a  secondary  cooling  fluid  such  as  brine  or 

cold  water)  to  the  refrigerant.  The  vapor  formed  in  the  evaporator  is 
then  raised  in  pressure  (by  a  compressor,  or  b]r  the  absorber-generator  com- 
bination of  the  absorption  system)  until  its  new  boiling  temperature  exceeds 
the  temperature  of  the  available  cooling  medium.  Under  these  conditions, 
heat  transfer  is  established  from  the  refrigerant  vapor  to  the  cooling  medium 
with  resultant  condensation  of  the  refrigerant.  When  condensed,  thehigh- 
precsure  liquid  refrigerant  is  reduced  in  pressure  and  again  allowed  to  boil 
in  the  evaporator. 

In  order  to  permit  evaluation  of  the  effectiveness  with  which  any  given 
cycle  operates^  some  term  is  desirable  which  would  be  comparable  to  the 
efficiency  is  used  for  heat  engines.  In  refrigeration  the  desired  effect 
is  heat  extraction,  and  the  cost  of  achieving  this  extraction  is  the  amount  of 
energy  which  must  be  supplied  as  shaft  work.  Thus  the  ratio  of  refrig- 
erating effect  to  the  heat  equivalent  of  the  compressor  work  is  used  as  a 
measure  of  effectiveness,  and  is  defined  as  the  coefficient  of  performance. 

If  the  desired  effect  is  the  rejection  of  heat  through  the  condenser  instead 
of  heat  extraction  through  the  evaporator,  the  refrigeration  system  is  then 
termed  a  heat  pump.  In  this  case  the  coefficient  of  performance  is  the 
ratio  of  the  heat  rejected  from  the  condenser  to  the  heat  equivalent  of  the 
compressor  work.  The  coefficient  of  performance  for  the  heat  pump  is 
greater  than  that  for  a  system  operating  as  a  refrigerating  machine,  because 
all  mechanical  shaft  work  required  to  operate  the  compressor  is  dissipated 
as  useful  heat  through  the  condenser. 

The  Carnot  cycle,  an  ideal,  thermodynamically  reversible  cycle  consisting 
of  an  adiabatic  expansion  and  an  isothermal  expansion,  followed  by  an 
adiabatic  compression  and  an  isothermal  compression  to  form  a  closed  cycle, 
may  be  shown  to  be  a  measure  of  the  maximum  possible  conversion  of  heat 
energy  into  mechanical  energy.  In  its  reversed  form  it  is  a  measure  of  the 
maximum  performance  possible  for  any  refrigeration  cycle  operating  either 
as  a  refrigerator  or  as  a  heat  pump.  Although  it  cannot  be  applied  in  an 
actual  machine  because  of  the  impossibility  of  obtaining  complete  reversi- 
bility *  it  is,  nevertheless,  extremely  valuable  as  a  criterion  of  inherent 
limitations.  The  coefficient  of  performance  (CP)  of  a  reversed  Carnot  cycle 
system  operating  as  a  refrigeration  system  is  : 

(CP)  -  ^T^Y  (2) 

where 

Ts  —  evaporator  temperature,  Fakrenheit  degrees,  absolute. 
Te  =  condenser  temperature,  Fahrenheit  degrees,  absolute. 

With  the  ideal  Carnot  cycle  operating  as  a  heat  pump,  the  coefficient  of 

performance  is: 


JL0  — 


(3) 


The  Carnot  cycle  coefficient  of  performance  for  both  a  refrigerating  machine 
and  a  heat  pump  increases  as  the  spread  between  the  evaporator  and  the 
condenser  temperatures  decreases.  In  general,  the  same  is  true  for  an 
actual  system  operating  as  either  a  refrigerating  machine  or  a  heat  pump. 
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Refrigerants 

A  desirable  refrigerant  should  possess  chemical,  physical,  and  thermo- 
dynamic  properties  which  permit  its  efficient  application  in  refrigerating 
systems.  In  addition,  when  the  volume  of  the  charge  is  large,  there  should 
be  little  or  no  danger  to  health  or  to  property  in  case  of  its  escape. 

Thermodynamically,  a  material  for  use  as  a  refrigerant  should  have  a 
large  latent  heat  of  vaporization  since  it  is  this  heat  quantity-subject  to 
minor  variations — which  constitutes  the  working  effectiveness  of  the  refrig- 
erant. Further,  since  the  work  required  to  compress  a  vapor  increases 
rapidly  with  the  pressure  ratio,  the  thermodynamic  characteristics  of  the 
fluid  should  be  such  that  the  required  low-to-high  temperature  range  can 
be  achieved  with  only  a  moderate  change  in  ratio.  A  further  consideration, 
from  the  standpoint  of  practical  operating  effectiveness,  is  that  the  suction 
pressure  should  not  be  below  atmospheric  (to  prevent  leakage  of  air  into 
the  refrigerant  lines)  nor  should  the  condenser  pressure  be  excessively  high 
(to  prevent  need  for  extra-heavy  construction).  The  specific  volume- 
specific  enthalpy  relationship  is  also  important  because  some  materials 
would  have  such  low  density,  when  in  vapor  form,  that  impractical  com- 
pressor displacements  would  be  needed  to  handle  the  suction  vapor. 

Properties  of  refrigerants  are  usually  given  either  in  tabular  or  graphic 
form.  In  contrast  to  the  temperature-entropy  plotting  which  is  used 
almost  exclusively  in  steam-power  work,  refrigeration  problems  are  usually 
referred  to  a  pressure-enthalpy  chart.  The  advantage  of  pressure-enthalpy 
plotting  is  that  linear  distances  on  the  chart  correspond  to  energy  gains  or 
losses,  and  the  two  types  of  processes,  constant-pressure  and  constant-en- 
thalpy, which  occur  most  frequently  in  refrigeration  cycles,  can  both  be 
represented  by  straight  vertical  or  horizontal  lines.  Fig.  1  presents  a 
pressure-enthalpy  chart  for  dichlorodifluoromethane  (Freon-12) .  Although 
tabular  arrangements  of  refrigerant  properties  require  interpolation  be- 
tween values,  they  have  the  advantage  of  an  accuracy  greater  than  that 
obtainable  from  a  chart.  Tables  1,  2,  and  3  give  the  thermodynamic 
properties  of  three  of  the  more  common  refrigerants  used  in  air  conditioning 
installations :  dichlorodifluoromethane  (Freon-12) ,  monochlorodifluoro- 
inethane  (Freon-22)  and  monofluorotrichloromethane  (Freon-11);  the  first 
two  of  these  are  commonly  used  in  reciprocating  compressors;  the  last 
refrigerant  is  used  in  centrifugal  machines. 

Referring  to  Table  1,  the  first  column  gives  the  range  of  saturation  tem- 
peratures likely  to  occur  in  practice.  The  second  column  gives  the  satura- 
tion pressure  expressed  in  pounds  per  square  inch  absolute  corresponding 
to  a  given  temperature,  while  the  next  six  columns  give  the  three  funda- 
mental specific  properties,  volume,  enthalpy,  and  entropy,  of  the  saturated 
liquid  and  saturated  vapor,  respectively.  The  last  four  columns  give  values 
of  enthalpy  and  entropy  for  gases  with  25  deg  and  with  50  deg  of  superheat ; 
note  particularly  that  the  column  heading  50  F  superheat  means,  not  that 
the  gas  is  at  a  temperature  of  50  F,  but  that  its  temperature  exceeds  by  50 
deg  the  saturation  temperature  corresponding  to  its  actual  pressure.  Thus, 
F-12  vapor  at  38.0  psig  and  91  F  possesses  50  deg  of  superheat,  since  its 
saturation  temperature  corresponding  to  52.7  psia  is  41  F. 

The  tabular  arrangements  of  refrigerant  properties  are  literally  for  satu- 
rated or  superheated  materials  only.  In  many  cases,  however,  the  engineer 
must  work  with  sub-cooled  liquids.  With  an  accuracy  sufficient  for  all 
practical  purposes,  the  specific  volume  and  the  enthalpy  of  any  sub-cooled 
refrigerant  can  be  taken  as  equal  to  the  values  read  from  the  tables  for  a 
saturated  liquid  at  the  same  temperature. ,  Thus,  if  F-12  at  121  psia  and 
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40  F  is  passing  tlirougli  a  pipe,  its  volume  and  enthalpy  can  be  determined 
from  Table  1  as  0.0116  cu  ft  per  pound  and  17.0  Btu  per  pound. 

Frequently  it  is  necessary  to  determine  the  properties  of  a  wet  vapor  or 
of  a  mixture  of  liquid  with  some  added  vapor,  such  as  is  found  at  discharge 
from  an  expansion  valve.  This  can  be  done  from  the  tables  by  noting  that 
the  specific  enthalpy  of  the  mixture  must  be  equal  to  that  of  the  saturated 
liquid,  plus  a  fraction  of  the  latent  heat  of  vaporization  equal  to  the  fraction 
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TABLB  1,    PROPERTIES  OF  DICHLOSOBIFLUOBOMBTHANB  (F42) 


SAT. 
TE^P. 
F 

ABS. 
"PRESS. 
LB  PER 

SQlN. 

VOLUME 

EOTHA.LPT  AND  Esraypr  TAKCN*  FBOSI  —43  P 

Enthalpy 

Entropy 

25  F  Superheat 

50  F  Superheat 

Liquid 

Vapor 

Liquid 

Vapor 

Liquid 

Vapor* 

Enthalpy!  Entropy  Enthalpy  j  Entropy 

! 

0 

23.87 

0.0110 

1.637 

8.25 

78.21 

0.01869 

0.17051 

81.71 

0.17829  j     S5.26 

0.13547 

2 

24.89 

0.0110 

1.574 

8.67 

78.44 

0.01961 

0.17075 

81.94 

0.17S12 

85.5!    I  0.18529 

4 

25.96 

0,0111 

1.514 

9.10 

78.67 

0.02052 

0.17060 

S2.17 

0,17793 

85,76  1  0.13511 

5 

26.51 

0.0111 

1.485 

9.32 

78.79 

0.02097 

0.17052 

82.29 

0.177S6 

85.S9     0.13502 

6 

27.05 

o.oiii 

1.457 

9.53 

7S.90 

0.02143 

0.17045 

82.41 

0.1:778 

86.0!   !  0.18494 

8 

28.18 

C.0111 

1.403 

9.96 

79.13 

0.02235 

0.170,10 

82.66 

0.17763 

86.26 

0.13477 

10 

29.35 

0.0112 

1.351 

10.39 

79.36 

0.0232S 

0.17015 

82.90 

0.17747 

86.51   S  0.13460 

12 

30.56 

0.0112 

1.301      ' 

10.82 

79.59  . 

0.02419 

0.17001 

83.14 

0.17733 

86.76 

0.1,3444 

14 

31.80 

0.0112 

1.253 

11.26 

79.82 

0.02510 

0.169S7 

83.38 

0.17720 

87.01 

0.1  8429 

16 

33.08 

0.0112 

1.207 

11.70 

80.05 

0.02601 

0.16974 

83.61 

0.17706 

87.26 

O.W413 

18 

34.40 

0.0113 

1.163 

12.12 

S0.27 

0.02692 

0.1696! 

S3.85 

0.17693 

87.51 

0.18397 

20 

35.75 

0.0113 

1.121 

12.55 

80.49 

0.02783 

0.16949 

84.09 

0,17679 

87.76 

0.18382 

22 

37.15 

0.0113 

1.061 

13.00 

80.72 

0.02873 

0.16938 

84.32 

0.17666 

88.00 

0.1S369 

24 

33.58 

0.0113 

1.043 

13.44 

.  80.95 

0.02963 

0.16926 

84.55 

0.17652 

88.24 

0.18355 

26 

40.07 

0.0114 

1.007 

1338  • 

81.17 

0.03053 

0.16913 

84.79 

0.17639 

88.49 

0.1S342 

>28 

41.59 

0.0114 

0.973 

14.32 

81.39 

0.03143 

Q.169G0 

85.02 

0.17625 

88.73 

D.1S32S 

30 

43.16 

0.0115 

0.939 

14.76 

81.61 

0.03233 

0.168S7 

85.25 

0.17612 

8S.97 

O.IS315 

32 

44.77 

0.0115 

0.908 

15.21 

81.83 

0.03323 

0.16876 

85.4S 

0,17600 

89.21 

Q.13303 

34 

46.42 

0.0115 

0.877 

15.65 

82.05 

0.03413 

0.16865 

85.71 

0.17589 

89.45 

(US291 

36 

48.13 

0.0116 

0.848 

1610 

82.27 

0.03502 

0.16854 

85.95 

0.17577 

89.63 

0.1S280 

38 

49.8S 

0.0116 

0.819 

16.55 

82,49 

0.03591 

0.16S43 

86.18 

0.17566 

89.92 

0.1826S 

39 

50.78 

0.0116 

0.806 

16.77 

82.60 

0.03635 

0.16838 

86.29 

0.17560 

90.04 

0,18262 

40 

51.68 

0.0116 

0.792 

17.00 

82.71 

0.03680 

0.16S33 

86.41 

0.17554 

90.16 

OUS256 

41 

52,70 

0.0116 

0.779 

17.23 

82.82 

0.03725 

0.16828 

86.52 

0.17549 

90.28 

0.18251 

42 

53.51 

0.0116 

0.767 

17.46 

82.93 

0.03770 

0.16823 

86.64 

0.17544 

90.40 

0.18245 

44 

55.40 

0.0117 

0.742 

17.91 

83.15 

0.03859 

0.16813 

86.86 

0.17534 

90.65 

0.18235' 

46 

57.35 

0.0117 

0.718 

18.36 

83.36 

0.03948 

0.16803 

87.09 

0.17525 

90.89 

0.18224 

48 

59.35 

0.0117 

0.695 

18.82 

83.57 

0.04037 

0.16794 

87.31 

0.17515 

91.14 

0.18214 

50 

61.39 

0.0118 

0.673 

19.27 

83.78 

0.04126 

0.16785 

87.54 

0  17505 

91.38 

0.18203 

52 

63.49 

0.011  S 

0.652 

19.72 

83.99 

0.04215 

0.16776 

87.76 

0.17496 

91.61 

0.18193 

54 

65.63 

0.0118 

0.632 

20.18 

84.20 

0.04304 

0.16767 

87.98 

0.17486 

91.83 

0.1S184' 

56 

67.84 

0.0119 

0.612 

20.64 

84.41 

0  04392 

0.16758 

88.20 

0.17477 

92.06 

0.18174' 

58 

70.10 

0.0119 

0-593 

21.11 

84.62 

0.04480 

0.16749 

88.42 

0.17467 

92.28 

0.18165 

60 

7X41 

0.0119  ' 

0.575 

21.57 

84.82 

0.04568 

0.16741 

88.64 

0.17458 

92.51 

0.18155 

62 

74.77 

0.0120 

6.557 

22.03 

85.02 

0.04657 

0.16733 

88.86 

0.17450 

92.74 

0.18147 

64 

77.20 

0.0120 

0.540 

22.49 

85.22 

0.04745 

0.16725 

89.07 

0.17442 

92.97 

0.18139 

66 

79.67 

0.0120 

0.524 

22.95 

85.42 

0.04833 

0,16717 

89,29 

0.17433 

93.20 

0.18130 

68 

82.24 

0.0121 

0.508 

23.42 

85.62 

0.04921 

0.16709 

89.50 

0.17425 

93.43 

0.18122 

70 

84.82 

0.0121 

0.493 

23.90 

85.82 

0.05009 

0.16701 

89.72 

0.17417 

93.66 

0.18114 

72 

87.50 

0.0121 

0.479 

24.37 

86.02 

0.05097 

0.16693 

89.93 

0.17409 

93.99 

0.18106 

74 

90.20 

0.0122 

0.464 

24.84 

86.22 

0.05185 

0.16685 

9014 

0.17402 

94.12 

0.18098 

76 

93.00 

0.0122 

0,451 

25.32 

86.42 

0.05272 

0.16677 

9036 

0.17394 

94.34 

0.18091 

78 

95.85 

0.0123 

0.438 

25.SO 

86.61 

0.05359 

0.16669 

90,57 

0.17387 

94.57 

0.18083 

ao 

98.76 

0.0123  * 

0.425 

26.28 

86.80 

0.05446 

0.16662 

90.78 

0.17379 

94.80 

0,18075 

82 

101.70 

0,0123 

0.413 

26.76 

86.99 

0.05534 

0.16655 

90.98 

0.17372 

95.01 

G.1&06S 

84 

104.8 

0.0124 

0.401 

27.24 

87.18 

0.05621 

0.16648 

91.18 

0.17365 

95.22 

0,18061 

86 

107.9 

0.0124 

0.389 

27.72 

87.37 

0.05708 

0.16640 

91.37 

0.17358 

95.44  . 

0.18054 

88 

111.1 

0.0124 

0.378 

28.21 

87.56 

0,05795 

0.16632 

91.57 

0.17351 

95.65 

0.18047 

90 

114.3 

0.0125 

0.368 

28.70 

87.74. 

0.05882 

0.16624- 

91.77 

0.17344 

95.86 

0.1S040 

92 

117.7 

0.0125 

0.357 

29.19 

87.92 

0.05969 

0.16616 

91.97 

0.17337 

96.07  - 

0.18033 

94 

121.0 

0,0126 

0.347 

29.68 

88.10 

0.06056 

0.16608 

92.16 

0.17330 

96.28  ; 

0.18026 

96 

124.5 

0.0126 

0.338 

30.18 

88.28 

0.06143 

0.16600 

92.36 

0.17322 

96.50 

0.18018 

98 

12S.O 

0.0126 

0.328 

30.67 

88.45 

0.06230 

0,16592 

92.55 

0.17315 

96.71 

0,18011 

100 

131.6 

0.0127 

0.319 

31.16 

88.62 

0.06316 

0.16584 

92.75 

0.17308 

96.92 

Q.1&004 

102 

135.3 

0.0127 

0.310 

31.65 

88.79 

0,06403 

0.16576 

92.93 

0.17301 

97.12 

0.17998 

104 

139.0 

0.0128 

0.302 

32.15 

88.95 

0.06490 

0.16568 

93.11 

0.17294 

97.32 

0.17993 

106 

142.8 

0.0128 

32.65 

89.11 

0.06577 

0.16560 

93.30 

0.17288 

97.53  - 

0.17987 

108 

146.8 

0.0129 

0.285 

33.15 

89.27 

0.06663 

0.16551 

93.48 

0.17281 

97.73 

0.17982 

110 

150.7 

0.0129 

0.*277 

33.63 

89.43 

0.06749 

0.16542 

93.66 

0.17274 

97.93 

0.17976 

112 

154.8 

0,0130 

0,269 

34.15 

89.5S 

0,06836 

0.16533 

93.82 

0.17266 

98.11 

0.17969 

114' 

158.9 

0.0130 

0.262 

34.65 

89.73 

0.06922 

0.16524 

93.9S 

0.172SS 

98.29 

0.17961 

116 

163.1 

0.0131 

0.254 

35.15 

89.87 

0.07008 

0.16515 

94.15 

0.17249 

98.48 

0.17954 

118 

167.4 

0.0131 

0.247 

35.63 

90.01 

0.07094 

0.16505 

94.31 

0.17241 

98.66 

0.17946 

120 

171.8 

0.0132 

0.240 

36.16 

90.15 

0.07180 

0.16495 

94.47 

0.17233 

98.84 

0.17939 

122 

176.2 

0.0132 

0.233 

36.66 

90.28 

0.07266 

0.16484 

94.63 

0.17224 

99.01 

0.17931 

124 

180.8 

0.0133 

0.227 

37.16 

90.40 

0.07352 

0.16473 

94.78 

0.17215 

99.18 

0.17922 

126 

185.4 

0.0133 

0,220 

37.67 

90.52 

0.07437 

0.16462 

94.94 

0.17206 

99.35 

0.17914 

128 

190.1 

0.0134 

0.214 

38.18 

90.64 

0.07522 

0.16450 

95.09 

0.17196 

99.53 

0.17906 

130 

194.9 

0.0134 

0.20S 

38.69 

9C.76 

0.07607 

0.16438 

95.25 

0.17186 

99.70 

0.17897 

132 

199.8 

0.0135 

0.202 

39.19 

90.86 

0.07691 

0.16425 

95.41 

0.17176 

99.87 

0.17889  " 

134 

204.8 

0.0135 

0.196 

39.70 

90.96 

0.07775 

0.16411 

95.56 

0.17166 

100.04 

0.17881 

136 

209.9 

0.0136 

0.191 

40.21 

91.06 

0.07858 

0.16396 

95.72 

0.17156 

100.22 

0.17873 

138 

215.0 

0.0137 

0.185 

40.72 

91.15 

0,07941 

0.16380 

95.87 

0.17145 

100.39 

0.17864 

140 

220.2 

0.0138 

0.180 

41.24 

91.24 

0.08024 

0.16363 

96.03 

0.17134 

100,56 

0.17856 

764  36  Guide  1950 

of  refrigerant  which  is  present  in  vapor  form.  Consider,  for  example,  F-I2 
with  a  quality  (the  per  cent  In  vapor  form)  of  30  per  cent;  the  enthalpy  of 
this  material  would  be  equal  to: 

ft»  -  hi  +  OJO  (fcv  -  W  (4) 

km  «  specific  enthalpy  of  the  mixture. 

ht  «  specific  enthalpy  of  the  liquid. 

kv  *=  specific  enthalpy  of  the  saturated  vapor. 

Values  of  ht         hv  are  obtained  from  Table  1  for  the  actual  pressure  of 
the  mixture. 

By  a  reversal  of  this  same  procedure  the  tabular  data  can  be  used  to 
determine  the  state  of  a  mixture  leaving  an  expansion  valve*  Consider  a 
valve  to  which  saturated  liquid  at  pressure  p*  is  admitted,  and  a  mixture  of 
saturated  liquid  and  vapor  at  pressure  pd  is  discharged.  Tiae  quality  of 
the  material  at  discharge  is  then  determined  by  making  use  of  the  fact  that 
the  expansion  process  is  completely  irreversible,  is  a  throttling  process,  and 
hence?  occurs  without  change  in  enthalpy.  Thus,  the  enthalpy  of  the  mix- 
ture, hmj  is  equal  to  the  enthalpy  of  the  saturated  liquid  at  the  entrance 
statej  hmt  and  can  therefore  be  read  from  the  table. 
Thus, 

hto    «    ^    _    /jvd   _    (1    -    x)    (Ard   ~    &fd)  (5) 

or, 

X  »    (&n  -  fa)   -5-   (ferd  -  ktd)  (6) 

where 

Aj»  »  enthalpy  of  saturated  liquid  at  entrance  to  expansion  valve. 

J^tt  »  enthalpy  of  mixture. 
&va  =  enthalpy  of  saturated  vapor  at  discharge. 
ha  =  enthalpy  of  liquid  at  discharge, 
x  =*  proportion  of  liquid  in  the  mixture,  decimal. 

Vapor  Compression  Refrigeration  Cycle 

Simph  Cycle.  The  refrigerant  cycle  is  the  series  of  state  changes  (which 
occur  in  the  conditioning  processes)  needed  to  restore  the  refrigerant  to  a 
condition  in  which  it  will  possess  the  ability  to  extract  heat  from  the  space 
to  be  cooled.  For  all  compression-type  systems  the  cycle  consists  of  four 
processes^  heat  gain  in  the  evaporator;  pressure  rise  in  the  compressor; 
heat  loss  in  the  condenser;  pressure  loss  In  the  expansion  valve.  The  com- 
pression process  is  accomplished  at  the  expense  of  energy  added  to  the 
compressor  in  the  form  of  shaft  work,  and  the  expansion  process  could  be 
carried  out,  if  the  economics  of  the  system  would  permit,  in  an  expanding 
engine  with  consequent  release  of  energy  as  shaft  work.  In  ordinary  sys- 
tems, however,  the  additional  first  cost  and  maintenance  costs  of  an  expand- 
ing engine  so  greatly  exceed  the  advantage  resulting  from  the  work  realized, 
that  such  engines  are  not  used,  and  the  pressure  reduction  is  allowed  to 
occur  irreversibly  in  an  expansion  valve.  Basically,  then,  a  refrigeration 
cycle  consists  of  two  heat  transfer  processes  and  two  pressure  change  proc- 
esses, no  work  entering  into  the  heat  transfer  processes  and— in  the  simple 
cycle— no  heat  transfer  occurring  during  the  pressure-change  processes. 
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TABUS  2.    PEQPURTIBS  OF  MOHOCHLOHODIFLUOEOMETHANB  (F-22) 


VOLUME 

EN-T:.Y»:.PY  AXD  BNTHOPY  TAK:::;  7sr,:»  —41  F 

SAT 
TEMP 
F 

PRESS 
LBPER 

Qrt  TV 

E.N7HALFY                  ENT3GPV          :      S^'^        ^      ^'^-^ 

CQ  IN. 

Liquid 

Vapor 

Liquid 

..,_,..,  

Vapor 

Liquid  j  Vapor  JEnifc&yj  t^"y    I:/Ja;<y'  ^J^y 

0 

38.79 

0.01192 

1.373 

" 
10.63 

105.02 

0.0240    0.2203 

112.35 

0.24  JG     120.0  J  S  0.2590 

2 

40.43 

0.01195 

1.320 

11.17 

105.24 

0.0251  !  0.22S9 

112.59  1  0.2442     120.20  '  O.SoSO 

4 

42.14 

0.01198 

1.270 

11.70 

105.45 

0.0262  s  0.22S5 

112.83  !  0/2438     120.22  l  C.25S1 

5 

43.02 

0.01200 

1.246 

11.97 

105.56 

Q.02GS 

0.22.V3  I  112.95 

0.243';     120.4:3     0.2579 

6 

43.91 

0.01201 

1.221 

12.23 

105.66 

0.0274 

G.223Q 

113.07 

0.2131     120.  7S  '  0.2577 

8 

45.74 

0.01205 

1.175 

12.76 

1Q5.&7 

0.02S5 

0.227G 

113.31 

0.2420 

121.0-1 

0.2572 

10 

47.63 

0.0120S 

1.130 

13.29 

106.0S 

0.0296 

0.2272 

113.55 

0.2126 

121.30 

0.2508 

12 

49.58 

•   0.01211 

LOSS 

13.82 

106.29 

0.0307 

0,2263 

113.79 

0.2422 

121.56  '  0.2551 

14 

51.59 

0.01215 

1.048 

14.36 

106.50 

0.0319 

0.2204 

114.02 

0.2418 

121.R2  ?  0.25CO 

16 

53.66 

0.0121S 

1.009 

14.90 

106.71 

0.0330 

0.2260 

114.25 

0.2414 

122.08  !  0.2556 

18 

55.79 

0.01222 

0.9721 

15.44 

10G.92 

0.0341 

0.2257 

114.48 

0.2410 

122.33 

0.2552 

20 

57.98 

0.01225 

0.9369 

15.98 

107.13 

0.0352 

0.2253 

114.71 

0.2408 

122,59 

0.2548 

22 

60.23 

0.01229 

O.S032 

16.52 

107.33 

0.0364 

0.2249 

114.94 

0.2402     122.S4     0.2544 

24 

62.55 

0.01232 

O.S707 

17.06 

107.53 

0.0375 

0.2246 

115.17 

0.239S 

123.10 

0.2540 

26 

64.94 

0.01236 

O.S39S 

17.81 

107.73 

0.0379 

0.2242 

115.40 

0.2295 

123.35 

0.2537 

28 

67.40 

0.01239 

0.8100 

18.17 

107.93 

0.039S 

0.2239 

115.62 

0.2391 

123.09 

0.2533 

30 

69.93 

0.01243 

0.7S1G 

18.74 

108.13 

0.0409 

0.2235 

115.84 

0.2387 

123.85 

0.2529 

32 

72.53 

0.01247 

0.7543 

19.32 

108.33 

0.0421 

0.2232 

116.07 

0.23S3 

124.10 

0.2525 

34 

75.21 

0.01250 

0.7283 

19.90 

10S.52 

0.0433 

0.2228 

116.29 

Q.2?JSO 

124.35 

0.2522 

36 

77.97 

0.01254 

0.7032 

20.49 

10S.71 

0.0445 

0.2225 

116.52 

0.2376 

124.59 

0.2518 

38 

80.81 

0.0125S 

0.6791 

21.09 

1GS.9Q 

0.0457 

0.2222 

116.74 

Q.2373 

124.S4 

0.2515 

40  * 

83.72 

0.01262 

0.6559 

21.70 

109.09 

0.0469 

0.221S 

116.96 

0.2369 

125.08 

0.2511 

42 

86.69 

0.01266 

0.6339 

22.29 

109.27 

0.0481 

0  2215 

117.18 

0.2366 

125.32 

0.2508 

44 

89.74 

0.01270 

0.6126 

22.90 

109.45 

0.0493 

0.2211 

117.40 

0.23G3 

125.5C 

0.2504 

46 

92.8S 

0.01274 

0.5922 

23.50 

109.63 

0.0505 

0.2208 

117.01 

0.2359 

125.80 

0.2501 

48 

96.10 

0.01278 

0.5726 

24.11 

109.80 

0.0518 

0.2205 

117.82 

0.2356 

126.01 

0.2497 

•50 

99.40 

0.012S2 

0.5537 

24.73 

109.98 

0.0528 

0.2201 

118.02 

0.2353 

"126.27 

0.2494 

52 

102.8 

0.01286 

0.5355 

25.34 

110.14 

0.0510 

0.219S 

118.22 

0.2350 

126.50 

0.2491 

54 

106.2 

0.01290 

0.51S4 

25.95 

110.30 

0.0552 

0.2194 

118.42 

0.2347 

126.73 

0.2488 

56 

109.8 

0.01294 

0.5014 

26.58 

110.47 

0.0564 

0.2191 

118.62 

0.2343 

126.96 

0.2484 

58 

113.5 

0.01299 

0.4849 

27.22 

110.63 

0.0576 

0.218S 

118.82 

,0.2340 

127.19 

0.2481 

60 

117.2 

0.01303 

0.4695 

27.83 

110.78 

0.0588 

0.2185 

119.01 

0.2337 

127.42 

0.247S 

62 

121.0 

0.01307 

0.4546 

28.46 

110.93 

0.0600 

0.2181 

119.21 

0.2331 

127.G5 

0.2475 

64 

124.9 

0.01312 

-0.4403 

29.09 

111.08 

0.0612 

0.2178 

119.40 

0.2331 

127.87 

0.2472 

66 

128.9 

0.01316 

0.4264 

29.72 

111.22 

0.0624 

0.2175 

119.59 

0.2327 

128.10 

0.2469 

68 

133.0 

0.01320 

0.4129 

30.35 

111.35 

0.0636 

0.2172 

119.77 

0.2324 

128.32 

0.2466 

70 

137.2 

0.01325 

0.4000 

30,99 

111.49 

0.0648 

0.2168 

119.90 

0.2321 

128.54 

0.2463 

72 

141.5 

0.01330 

0.3875 

31.65 

111.63 

0,0661 

0.2165 

120.15 

0.2318 

128.76 

0.2460 

74 

145.9 

0.01334 

0.3754 

32.29 

111,75 

0,0073 

•0.2162 

120.32 

0.2315 

128.97 

0.2457 

76 

150.4 

0.01339 

0.3638 

32.94 

111.88 

0.0684 

0.215S 

120.50 

0.2312 

129.19 

0.2455 

78 

155.0 

'    0.01344 

0.3526 

33.61 

112.01 

0.0696 

0.2155 

120.67 

0.2309 

129.40 

0.2452 

80 

159.7 

0.01349 

0.3417 

34.27 

112.13 

0.0708 

0.2151 

120.85 

0.2306 

129.61 

0.2449 

82 

164.5 

0.01353 

0.3313 

34.92 

112.24 

0,0720 

0.2148 

121.02 

0.2303 

129.82 

0.2446 

84 

169.4 

0.0135S 

0.3212 

35.60 

112.36 

0,0732 

0.2144 

121.18 

0.2300 

130.02 

0.2443 

86 

174.5 

0.01363 

0.3113 

36.28 

112.47 

0.0744 

0.2140 

121.34 

0.2297 

130.23 

0.2441 

88 

179.6 

0.01368 

0.3019 

36.94 

112.57 

0.0756 

0.2137 

121.50 

0.2294 

130.43 

0.243S 

90 

184.8 

0.01374 

0.2928 

37.61 

112.67 

0.076S 

0.2133 

121.68 

0.2291 

130.63 

0.2435 

92 

190.1 

0.01379 

0.2841 

38.28 

112.78 

0.0780 

0.2130 

121.82 

0.228S 

130.83 

0.2432 

94 

195.6 

0.01384 

0.2755 

38.97 

112.85 

0.0792 

0.2126 

121.97 

0.2285 

131.03 

0.2429 

96 

201.2 

0.01390 

0.2672 

39.65 

112.93 

0.0803 

0.2122 

122.12 

0.2282 

131.23 

0.2427 

98 

206.S 

0.01395 

0.2594 

40.32 

113.00 

O.OS15 

0.2119 

122.26 

0.2279 

131.42 

0.2424 

100 

212.6 

0.01402 

0.2517 

40.98 

113.06 

0.0827 

0.2115 

122.40 

0.2276 

131.61 

0.2421 

102 

218.5 

0.01408 

0.2443 

41.65 

113.12 

O.OS39 

0.2111 

122.53 

0  2273 

131.80 

0.2418 

104 

224.6 

0.01414 

0.2370 

42.32 

113.16 

O.OS51 

0.2107 

122.66 

0.2270 

131.99 

0.2416 

106 

230.7 

0.01420 

0.2301 

42.98 

113.20 

0.08f>2 

0.2104 

122.79 

0.2267 

132.17 

0.2413 

108 

237.0 

0.01426 

0.2233 

43.66t 

113.24 

O.OS74 

0.2100 

122,92 

0.2264 

132.35 

0.24J.1 

110 

243.4 

0.01433 

0.2167 

44.35 

113.29 

0.0886 

0.2096 

123.04 

0.2261 

132.53 

0.2408 

112 

249.9 

0.01440 

0.2104 

45.04 

113.34 

0.0898 

0.2093 

123.16 

0.225S 

132.71 

0.2405 

114 

256.6 

0.01447 

0.2043 

45.74 

113.38 

0,0909 

0.2089 

123.28 

0.2255 

132.88 

0.2403 

116 

263.4 

0.01454 

0.1  9S3 

46.44 

113.42 

0.0921 

0.2085 

123.40 

0.2253 

133.05 

0.2400 

118 

270.3 

0.01461 

0.1926 

47.14. 

113.46 

0.0933 

0.2081 

123.51 

0.2250 

133.2? 

0.2398 

120 

277.3 

0.01469 

0.1871 

47.85 

113.52 

0.0945 

0.2078 

123.62 

0.2247 

133.39 

0.2395 

Data  from  Kinetic  Chemicals,- Inc.,  1945 
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The  most  common  and  least  complicated  type  of  refrigeration  cycle  is 
called  the  simple  saturation  cycle,  and  is  shown  diagrammatical!^  in  Fig.  2 
and  plotted  upon  pressure-enthalpy'  coordinates  in  Fig,  3,  For  this  system, 
saturated  vapor  [lows  without  or  loss  of  heat  from  the  evaporator  to 

the  suction  of  the  compressor.  During  passage  through  the  compressor 
the  energy  added  as  shaft  work  entirely  to  Increase  the  enthalpy  of 
the  refrigerant,  and  the  compression  process,  which  is  assumed  to  occur 
Irreversibly  and  without  external  heat  transfer,  is  characterized  by  constant 
entropy.  ^Tkiis,  the  state  of  the  superheated  vapor  leaving  the  compressor 
can  be  determined  from  the  tables  of  tliermodynamic  properties  by  noting 
the  discharge  pressure  and  fixing,  also,  the  entropy  of  the  saturated  vapor 
at  entrance  to  the  compressor. 

TABLE  3*    PEOPEEHES  OF  MONOFLUOEOTBICHLOHOMETHANB  (F-ll) 


SAT. 
TZMP. 
F 

Acs. 

X&PSft 

Sain. 

VQLUXB 

EOTSALPY  jpro  EWISQPT  TAKEN  FSOM  —40  F 

Enthalpy        |       Entropy 

25  F  Superheat 

50  F  Superheat 

;    Liquid* 

Vapor 

liquid 

Vapor 

Liqcid 

Vapor 

Enikalpy 

fiatropy 

Enthalpy 

Entropy 

0 

2.  59  JO.  01020 

13,70) 

7.81 

90.4 

0.0178 

0.1975 

93.9 

0.2049 

97.4 

0.2120 

5 

2.96:0.01024 

12.100 

8.81 

91.2 

0.02000.1974 

94.7 

0.2047 

98.2 

0.2117 

10 

3.  38  !  0-01028!  10.  700 

9.82 

92.  0(0.  0222  0.1973 

95.5 

0.2045 

99.0 

0.2114 

15 

3.  85'  0.01032    9.530 

10.80 

92.8 

0.0243 

0.1971 

96,3 

0.2043 

99.8 

0.2111 

20 

4.36  0.01036 

8.490 

11.90 

93.7 

0.0264 

0.1970 

97.2 

0.2041 

100.7 

0.2109 

25 

4.94  ; 

0.01040 

7,580 

12.90 

94.5 

0.0286 

0.1969 

98.0 

0.2039 

101.5 

0.2107 

30 

5.57  : 

0.01045 

6.770 

13.90 

95.3 

0,0307 

0.1969 

98.8 

0.2038 

102.3 

0.2105 

35 

6,^7 

0.01049 

6.080 

14.90 

96.1 

Q,0328to.l968 

99.6 

0.2037 

103.1 

0.2103 

40 

7.03; 

0.01053 

5.460 

16.00 

96.8 

0.0349 

0.1968 

100.3 

0.2036 

103.8 

0.2101 

45 

7.88 

0.01057 

4.920 

17.00 

97.6 

0.0370 

0.1967 

101.1 

0.2035 

104.6 

0.2099 

50 

8,79 

0,01062 

4.440 

18,10 

98.4 

0.0391 

0.1967 

101.9 

0.2034 

105.4 

0.2098 

S5 

9.80 

0.01066 

4.020 

19.10 

99.2 

0.0412 

0.1967 

102.7 

0.2033 

106.2 

0.2097 

60 

10,90 

0.01071 

3.640 

20.20 

100.0  ; 

0.0432 

0.1967 

103.5 

0.2033 

107.0 

0.2096 

65 

12*10 

0.01076 

3.300" 

21.30 

100.8 

0.0453 

0.1967 

104.3 

0.2032 

107.8 

0.2094 

70 

13.40 

0.01081 

3.000 

22.40 

101:5 

0.0473 

0.1967! 

105.0 

0.2032 

108.5 

0.2093 

75 

14.80 

0.01086 

2.740 

23.50 

102.2 

0.0493 

0.1967 

105.7 

0.2031 

109.2 

0.2092 

m 

16.30 

0JOIG91 

2.500 

24.50 

102.9  ! 

0.0513 

0.1966 

106.4 

0,2030 

109.9 

0.2090 

85 

17.90 

0.01096 

2.280 

25.60 

103.6 

0.0533 

0.1966 

107.1 

0.2029 

110.6 

0.2089 

90 

19,70 

0.01101 

2.090 

26.70- 

104.4 

0.0553 

0.1966 

107.9 

0.2028 

111.4 

Q.208S 

95 

21.60 

0.01106 

1,918 

27.80 

105.1 

0.0573 

0.1966 

108.6 

0.2028 

112.1 

0.2087 

100 

23.60 

o.omi, 

1.761 

'28,90 

105.7 

0.0593 

0.1965 

109.2 

0.2027 

112.7 

0.2085 

105 

25.90 

0.01116 

1.620 

30.10 

106.4 

0.0613 

0.1965 

109.9 

0.2026 

113.4 

0.2084 

Superheated  vapor  from  the  compressor  flows  to  the  condenser  where 
de-superheating  and  condensation  take  place.  From  the  condenser  the  re- 
frigerant flows  to  the  expansion  valve,  undergoes  a  constant-enthalpy  pres- 
sure reduction,  and  returns  to  the  evaporator  where  it  again  removes  a 
quantity  of  undesired  heat.  When  the  evaporator  is  arranged  to  permit 
direct  cooling  of  room  air  by  the  refrigerant,  the  system  is  said  to  be  of  the 
direct  expansion  type,  while  a  system  in  which  the  evaporating  refrigerant 
cools  water  or  brine,  which  in  turn  cools  the  air,  is  said  to  be  indirect. 
Although  many  differences  exist  between  most  actual  systems  and  that  of 
the  simple  saturation  cycle,  this  latter  is,  nonetheless,  of  great  value  in  that 
it  provides  an  extremely  simple  method  of  rapidly  achieving  an  approximate 
analysis  of  probable  power  requirements,  compressor  size,  etc.  Further, 
the  equations  used  in  analysis  of  a  simple  saturation  cycle  form  the  basis 
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of  the  more  complex  treatments  required  for  compound  refrigeration  cycles. 
For  these  reasons  a  typical  simple  saturation  problem  will  be  worked  in 
detail. 

Example  1 .  A  simple  saturation  cycle  carries  a  7  ton  load  when  operating  between 
suction  and  discharge  pressures  of  52.7  psla  and  121  psia  with  F-12  as  the  refrigerant. 
Determine^:  (a)  the  cooling  effect  provided  by  each  pound  of  refrigerant,  (6)  the  re- 
frigerant circulating  rate*  (c)  the  Horsepower  required,  (d)  the  quantity  of  heat  to  be 
dissipated  from  the  condenser,  (e)  the  required  condenser  cooling  water*  In  gallons 
per  minute,  if  temperature  rise  of  water  passing  through  the  condenser  is  8  degs  (/) 
the  bore  and  stroke  of  a  double  acting  cylinder  (neglecting  the  effect  of  the  piston 
rod)  if  speed  of  compressor  Is  500  revolutions  per  minutej  (g)  coefficient  of  perform- 
ance, 

Solution,  (a)  Saturated  liquid  F-12  at  121  psia  leaves  the  condenser  and  enters 
the  expansion  valve.  The  enthalpy  of  this  material  (from  Table  1}  is  29.68  Btu  per 
pound  and  this  must  also  be  its  enthalpy  at  entrance  to  the  evaporator.  Leaving  the 
evaporator  as  a  saturated  vapor  at  52.7  psia,  its  enthalpy  is  82.82,  so  the  refrigerating 
effect  must  be  82.82  -  29.68  «  53.14  Btu  per  pound. 

(b)  The  refrigerant  circulating:  rate  is  equal  to  the  total  heat  to  be  picked  up  in  unit 
time,  divided  by  the  pick-up  per  pound  of  refrigerant  or, 

W,  -  (7  ton  X  200)  +  53.14  *  26.3  Ib  per  minute. 


Low  Pressure  Saturated  Gas 


Heat  of  Compression 
Added  to  Gas 

_L 


High  Pressure  Superheated  Gas 


Heat  Taken  fro 
Refrigerant  by 
Condensing  Medium 


Expansion  Valve 
for  Reducing  Pressure 


High  Pressure  Saturated  Liquid 

FIG.  2.  MECHANICAL  EsyBiGBEATioN  SYSTEM 


(c)  The  horsepower  required  is  equal  to  the  increase  in  energy  of  the  refrigerant 
passing  through  the  compressor  (expressed  in  Btu  per  minute)  divided  by  the  con- 
version factor  42.42,  which  is  the  number  of  Btu  per  minute  corresponding  to  1  hp, 


(hp)  -  W*  (ha  - 


42.42 


(7) 


where 


hp  »  horsepower. 

Wf  «  refrigerant  circulating  rate  in  pounds  per  minute. 
h±  «=  enthalpy  of  vapor  at  condition  of  discharge  from  compressor. 
hva  «  enthalpy  of  saturated  vapor  entering  compressor. 

Wr  is  known  from  (6)  and  &?,  is  the  enthalpy  of  refrigerant  as  it  enters  the  com- 
pressor in  a  saturated  vapor  state  at  52.7  psia;  thus  hve  =»  82.82. 

In  order  to  determine  fa,  the  state  of  the  refrigerant  must  first  be  determined  at 
the  compressor  discharge.  At  the  known  suction  state  the  entropy  (from  Table  1 
for  saturated  yapor  at  52.7  psia)  is  0.16828  and,  since  the  compression  is  assumed  to 
occur  isentropicaliy,  it  therefore  follows  that  the  discharge  state  must  have  the  same 
entropy  at  121  psia.  From  the  table  the  entropy  of  vapor  superheated  25  deg  is 
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0.17330,  so  the  fa,  possessed  j>y  the  gas  discharged  from  this  com- 

be  obtained  by  interpolation  as. 


fa 

25 


ai7330  -  01GGOS 


from  which  fa  «*  7.6  cleg* 


. . '  interpol ...... 

enthalpiei  given  for  vapor  superheated  25  F  and  for  saturated  vapors 

(kd  -  -  O.I660S) 


-  -  0-10608) 


from  which  ?  h&  =  89,34  Btu  per  pound. 

Then  substituting  in  Equation  7, 

(hp)  -  2O  (89.34  -  82.82) 


42.42  -  4.03 


(d)  The  rate  of  heat  loss  from,  the  condenser,  QC9  must  be  equal  to  the  sum  of  the 
eaeigies  picked  up  by  the  refrigerant  In  the  evaporator  and  the  compressor, 

Q9  «  53.14  4-  (89.34  -  82.82)  =•  53.14  -f  6.52  -  59.66  Btu  per  pound  or  26.3  X 
59J6  SB  1569  Btu  per  minute.    TMs  same  figure  can,  of  course,  be  determined  more 
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directly  by  subtraction  of  the  enthalpy  of  liquid  leaving  the  condenser  from  the  en- 

thalpy of  superheated  vapor  going  into  it,  thus, 

Q&  «  26.3  (89.34  -  29.68)  «-  1569  Btu  per  minute. 

(a)  The  cooling  water  rate  (based  on  a  gallon  as  8.34  Ib)  is  1569  -s-  (8  X  8.34)  » 
23  .S  gpm. 

(/)  The  compressor  size  is  fixed  by  the  volume  of  gas  which  must  be  drawn  into  the 
machine  per  unit  time.  Saturated  vapor  at  52.7  psia  has  a  specific  volume,  from 
Table  1,  of  0.779^  cu  ft  per  pound,  hence  26.3  X  0.779  «  20.49  cfm  of  gas  must  be 
handled.  Assuming  a  volumetric  efficiency  of  90  per  cent,  the  compressor  must  then 
displace  20.49  -3-  0.9  -  22.8  cfm.  The  speed  is  given  as  500  rpm  and,  as  the  unit  is 
known  to  be  double-acting,  the  displacement  is  therefore  (22.8  X  1728)  -5-  (2  X  500)  = 
39.4  cu  in.  If  the  unit  were  designed  so  that  bore  d  and  stroke  were  the  same, 


-?•  4 


d  »  3.69  in. 


(CF)  -(*„-  At«) 


«  (82-82  -  29.68)  -fr  (89,34  -  82.82)  «  8.17 

where  &ta  is  the  specific  enthalpy  of  liquid  at  discharge  from  the  condenser. 

The  coefficient  of  performance  of  Example  1  may  be  compared  with  that 
of  an  Ideal  system  operating  on  the  Camot  cycle  between  the  same  tempera- 
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tare  limits.    Then  T8  =  501  F  (which  is  41  F  +  460)  and  7C  =  554  F 
(which  is  94  F  +  460)  and, 

(CP)-,   --**-     .9.8 

^ w       554  -  501 

The  actual  cycle  is  therefore  8.17  ~-  9.6  or  85  per  cent  as  effective  as  a 
Carnot  cycle  between  the  same  temperature  limits. 

Influence  of  Suction  Pressure 

Brief  consideration  of  the  analytical  procedure  used  in  discussion  of  the 
simple  saturation  cycle  will  bring  out  the  need  for  maintaining  the  suction 
pressure  on  any  refrigeration  system  as  high  as  the  load  will  permit.  As 
the  suction  pressure  increases,  for  fixed  discharge  pressure,  the  enthalpy 
of  refrigerant  entering  the  evaporator  remains  unchanged,  but  the  leaving 
enthalpy  increases  and,  hence,  the  refrigerating  effect  increases.  Further, 
compressor  energy  input  is  reduced  not  merely  because  of  the  greater 
enthalpy  of  the  gas  at  suction,  but  also  because  of  a  reduction  in  the  en- 
thalpy of  the  superheated  gas  at  discharge.  Since  the  refrigerating  effect 
is  greater  and  the  work  less,  it  is  obvious  that  there  will  be  a  substantial 
gain  in  the  coefficient  of  the  performance. 

The  actual  value  of  suction  pressure  on  any  system  is  obviously  de- 
termined by  the  required  temperature  which  must  be  maintained  in  the 
conditioned  space.  For  a  direct  expansion  system  the  evaporator  can  be 
held  at  a  temperature  not  much  less  than  that  of  the  conditioned  enclosure, 
except  in  cases  where  lower  temperatures  may  be  needed  in  order  to  es- 
tablish a  desired  ratio  of  dehumidifying  to  cooling  load.  When  dehumidi- 
fication  requirements  dictate  the  use  of  unusually  low  evaporator 
temperatures,  the  increased  operating  cost  should  properly  be  charged 
against  the  dehumidification  rather  than  the  sensible  cooling. 

Bofitietice  of  Discharge  Pressure 

In  contrast  to  the  suction  pressure,  the  compressor  discharge  pressure 
should  be  kept  as  low  as  operating  conditions  will  allow.  This  pressure 
must  be  high  enough  to  provide  a  saturation  temperature  of  refrigerant 
within  the  condenser  which  is  greater  than  the  exit  temperature  of  the 
cooling  water.  The  discharge  pressure  therefore  is  a  direct  function  of 
the  temperature  of  the  cooling  fluid,  and  will  automatically  rise  whenever 
the  temperature  of  cooling  water  (or  air)  rises;  it  will  also  rise  when  the 
flow  rate  of  the  cooling  medium  is  decreased. 

Increase  in  discharge  pressure  (for  fixed  suction  pressure)  raises  the 
enthalpy  of  the  gas  leaving  the  compressor;  hence,  increases  the  work  of 
compression.  Further,  as  the  enthalpy  of  saturated  liquid  leaving  the  con- 
denser increases  with  pressure,  the  refrigerating  effect  must  decrease. 
Thus  the  effect  of  such  a  pressure  rise  is  to  require  more  work  per  pound  of 
refrigerant  handled,  and  at  the  same  time  to  necessitate  an  increase  in  the 
refrigerant  flow  rate. 

Influence  of  Water  Jacket 

The  preceding  discussion  has,  in  every  case,  assumed  isentropic  com- 
pression. Where  exact  performance  data  are  not  available,  this  assumption 
is  a  desirable  one  since  it  leads  to  a  conservatively  large  determination 
of  the  power  required.  In  most  actual  systems,  the  compression  process 
departs  from  isentropic  due  to  irreversible  heat  transfers  which  occur 
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the  vapor  la  the  cylinder  and  the  cylinder  wall,  and  also  because 
of  Intentional  heat  dissipation          the  outside  of  the  cylinder  walls  to  the 
or  to  a  cooling  fluid  passing  through  a  water  jacket  around 
the  cylinder.     Compressor  cooling  Is  highly  desirable  as  a  method  of  re- 
ducing power  consumption. 

Influence  of  Superheating  and  SubcooHng 

The  most  common  departure  from  conditions  of  the  simple  saturation 
cycle  is  that  resulting  from  admission  of  superheated  vapor  to  the  com- 
pressor. TfaenBGdynamkaHjj  superheat  is  undesirable  because  the  en- 
thalpy increase  required  to  coinpress  a  vapor  through  a  given  pressure  range 
increases  with  superheat.  Further,  superheated  vapor  leaving  an  evapo- 
rator is  usually  an  indication  that  the  suction  pressure  is  lower  than 
necessary-  Under  practical  operating  conditions,  however,  superheat  is 
almost  universally  used  as  a  means  of  assuring  complete  vaporization 
of  the  refrigerant  going  to  the  compressor.  With  modern  compressors 
operating  at  high  speed,  and  with  relatively  small  clearance  space,  it  is 
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particularly  necessary  to  avoid  admission  through  the  suction  valves  of 

liquid  refrigerant. 

Another  common  departure  of  actual  systems  from  the  simple  satu- 
ration cycle  occurs  because  of  subcooling  of  refrigerant  in  the  condenser. 
Thennodynamically,  such  subcooling  is  advantageous  since  it  increases 
the  refrigerating  effect  without  affecting  the  unit  energy  requirements 
of  the  compressor.  Further,  it  can  be  shown  that  for  a  fixed  ratio  of  con- 
denser cooling  water  to  refrigerant  circulating  rate,  the  total  compressor 
power  requirements  will  be  greater  when  operating  at  simple  saturation 
than  when  operating  with  maximum  sub-cooling.  What  is  even  more 
surprising  is  that  condenser  pressure  may  be  lower  for  the  sub-cooling  cycle 
than  for  the  saturation  cycle.  This  condition  results  from  the  fact  that, 
for  the  same  capacity  on  a  heavily  loaded  condenser,  the  refrigerant  flow 
rate  is  less  when  there  is  sub-cooling. 

Because  of  the  advantages  attendant  upon  the  use  of  sub-cooling,  many 
methods  are  in  use  for  obtaining  some  sub-cooling  effect  outside  of  the 
condenser.  One  common  procedure  is  to  use  the  cold  vapor  leaving  the 
evaporator  to  cool  the  liquid  flowing  from  condenser  to  expansion  valve. 

Another  somewhat  unusual  subcooling  cycle  allows  cold  refrigerant  from 
the  downstream  side  of  the  expansion  valve  to  cool  liquid  refrigerant  from 
the  condenser  down  to  the  evaporator  temperature.  Fig,  4  shows  the 
pressure-enthalpy  diagram  for  a  typical  refrigeration  cycle  operating  with 
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both  sub-cooling  of  the  refrigerant  from  the  condenser  and  superheating  of 
the  refrigerant  leaving  the  evaporator. 

Clearance  and  Volumetric  Efficiency 

Clearance,  like  displacement,  is  a  characteristic— usuall}T  fixed— of  a 
given  compressor.  In  some  cases  clearance  pockets  are  provided  which 
place  within  the  operator's  control  the  ability  to  alter  the  clearance  of  the 
machine,  but  most  moderate  size  compressors  are  built  with  fixed  clearance. 
By  definition,  the  clearance  is  the  percentage  of  the  volume  swept  by  the 
piston,  which  is  represented  by  spaces  in  the  end  of  the  cylinder  (in  eluding 
valve  spaces,  etc.)  when  the  piston  is  at  the  end  of  its  stroke. 

Because  of  the  trapping  of  high  pressure  vapor  in  the  clearance  space^ 
and  its  subsequent  re-expansion,  the  suction  valves  of  the  compressor 
do  not  open  until  the  piston  has  completed  part  of  its  stroke.  Hence2  the 
volume  of  fresh  vapor  introduced  into  the  compressor  per  stroke  is  less 
than  the  volume  swept  by  the  piston.  The  ratio  of  actual  volume  of 
fresh  gas  to  swept  volume  is,  by  definition,  the  clearance  volumetric  effi- 
ciency, CVE.  In  equation  form, 

(CVE)  -  100  -  Fe  j^  -  1  j  (8) 

where 

CVE  s=  clearance  volumetric  efficiency. 

F8  =  clearance,  per  cent  of  volume  swept  by  piston,  which  is  contained  in  spaces 
at  end  of  cylinder  when  piston  is  at  end  of  stroke  (clearance  includes  valve 
spaces,  etc.). 

v&  =  specific  volume  of  gas  at  compressor  inlet. 
Vd  **  specific  volume  of  gas  at  compressor  discharge. 

Values  of  v9  and  v&  can  be  obtained  directly  or  by  calculation  from  the 
tables  of  properties  of  refrigerants. 

In  addition  to  clearance,  there  are  several  other  factors  which  tend  to 
reduce  the  volumetric  efficiency.  The  suction  gases  from  the  evaporator 
are  heated  and  expanded  upon  contact  with  the  hot  cylinder  walls  during 
the  suction  stroke.  This  results  in  a  reduction  of  the  actual  charge  drawn 
into  the  cylinder.  Wire-drawing  through  the  suction  and  discharge  valves 
reduces  the  suction  pressure  in  the  cylinder  below  that  in  the  evaporator, 
and  increases  the  discharge  pressure  above  that  in  the  condenser.  Leakage 
of  gases  around  the  pistons  also  decreases  the  volumetric  efficiency.  The 
total  volumetric  efficiency  (TVE)  includes  all  of  these  factors  and  is  reliably 
obtained  only  by  laboratory  measurements.  It  is  too  difficult  to  predict 
the  effects  of  these  factors  to  any  degree  of  accuracy  comparable  to  actual 
tests. 

Complex  Refrigeration  Cycles 

The  preceding  sections  have  dealt  only  with  refrigeration  systems  in 
which  there  is  but  one  evaporator,  compression  is  accomplished  through 
but  a  single  stage,  and  expansion  proceeds  through  a  single  expansion  valve. 
In  large  systems  or  in  low  temperature  systems  in  which  the  compression 
ratio  is  high,  the  compression  process  can  be  carried  out  in  stages,  with  the 
refrigerant  passing  through  several  cylinders  arranged  for  operation  in 
series.  The  thermodynaroic  advantage  of  such  compound  compression 
arises  from  the  fact  that  intercoolers  can  be  placed  between  the  stages  of 
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to  extract  the  vapor,  and  thereby  cause  the  overall 

compression  process  to  approach  more  close!]/  the  ideal  condition  of  Iso- 
thermal compression.  Essentially,  such  intercoolers  serve  the  same  purpose 
as  a  cooling  jacket,  but  with  areater  effectiveness  because  of  the  more  satis- 
factory Lent  transfer  conditions. 

in  the  simple  sutiiration  cycle  the  saturated  liquid  entering  the  expansion 
valve  commences  to  vaporize  f.s  soon  as  its  pressure  starts  to  drop.  The 
vapor  produced  during  the  expansion  process  has  no  further  use,  in  terms 
of  refrigerating  effect,  since  it  has  already  picked  up  its  latent  heat  of 
vaporisation  as  a  result  of  heat  which  it  has  extracted  from  the  unvaporized 
residue.  Thus  the  instant  such  vapor  forms,  its  usefulness  is  at  an  end,  and 
to  allow  such  material  to  undergo  a  further  drop  in  pressure  is  uneconomical. 
With  compound  compression,  there  is  at  least  one  intermediate  pressure 
at  which  iiash  vapor  can  be  extracted.  In  such  cases  several  expansion 
valves  can  be  utilized  with  all  of  the  refrigerant  from  the  condenser  passed 
through  a  first  expansion  valve  to  the  higher  suction  pressure,  and  the 
flash  vapor  then  extracted  and  returned  to  the  condenser  through  the  high 
compression  stage.  The  remaining  refrigerant  can  then  pass  through  a 
second  expansion  valve  where  the  pressure  is  dropped  to  that  corresponding 
to  the  low-pressure  evaporator.  The  number  of  expansion  valves  is  limited 
by  the  number  of  stages  of  compression. 

Further  cycle  complications  may  arise  if  more  than  one  evaporator  is  to 
be  operated  with  a  single  compressor,  and  particularly,  if  the  pressures  in 
these  evaporators  are  to  differ.  The  most  common  solution  is  to  operate 
the  compressor  at  the  suction  pressure  of  the  lowest  pressure  evaporator, 
and  to  equip  all  other  evaporators  with  back-pressure  regulating  valves  or 
throttling  devices  between  the  evaporator  and  the  compressor  suction. 
This  permits  these  evaporators  to  operate  at  higher  pressures  and,  there- 
fore, higher  temperatures  than  those  corresponding  to  the  compressor 
suction  conditions.  However,  this  is  accomplished  only  with  a  loss  of 
power,  since  all  of  the  refrigerant  from  all  of  the  evaporators  must  be 
compressed  through  the  maximum  lift  from  the  lowest  pressure  in  the 
system* 

The  Air  Cycle  System 

Air  cycle  refrigeration,  one  of  the  earliest  forms  of  cooling,  became 
obsolete  for  many  years  because  of  its  low  coefficient  of  performance  and 
high  operating  costs.  Recently,  however,  it  has  been  applied  with  success 
to  aircraft  cooling  systems  where,  with.low  equipment  weight,  it  can  utilize 
a  portion  of  the  cabin  air  supercharger  capacity.  It  is  unique  among 
refrigeration  systems  in  that  the  refrigerant  remains  in  the  gaseous  phase 
throughout  the  cycle. 

Fundamentally,  the  air  cycle  is  essentially  the  same  as  the  vapor  cycle, 
Compression  is  accomplished  by  a  reciprocating  or  centrifugal  compressor, 
and,  since  there  is  no  change  of  phase  of  the  refrigerant  upon  expansion, 
an  air  c@okr  replaces  the  condenser  and  a  refrigeratory  the  evaporator. 
Although  some  cooling  would  result  from  the  expansion  of  the  gas  through 
an  ordinary  expansion  valve,  a  much  greater  drop  in  air  temperature  is 
accomplished  if  the  expansion  is  controlled  to  approach  the  isentropic  by 
replacing  the  valve  with  an  expansion  engine  or  turbine.  Furthermore, 
the  work  recovered  by  such  an  expansion  engine  can  be  utilized  to  supply 
part  of  the  work  of  compression  or  to  drive  other  devices. 

It  is  a  common  misconception  that  aircraft  flown  at  high  altitudes  do 
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not  require  comfort  cooling.    With  pressurized  the  work  of  com- 

pression results  in  an  air  temperature  increase  which,  when  added  to  the 
heat  supplied  by  ram  effect;  solar  radiation,  electrical  and  mechanical 
equipment  and  the  occupants  of  the  plane^  may  make  the  conditions  in- 
tolerable without  comfort  cooling.  At  600  mph,  the  ram  temperature 
effect  of  stopping  the  air  relative  to  the  plane  will  result  in  an  entering  air 
temperature  of  164  F  when  the  ambient  air  is  at  the  standard  Army  summer 
sea  level  design  temperature  of  100  F.  At  1000  mph,  the  entering  air  tem- 
perature is  almost  280  F. 

Air  cycle  systems  are  used  in  practically  every  jet  fighter  and  many 
modern  commercial  passenger  planes  flying  today*  In  comparative  studies1 
made  during  the  design  of  the  cooling  system  for  one  large  commercial 
airliner,  it  was  shown  that  an  air  cycle  system  was  much  lower  in  both 
weight  and  space  requirements  than  either  a  vapor  compression  or  dry  ice 
system.  It  had  the  further  advantages  of  ease  of  repair  and  the  use  of  a 
completely  non-toxic  refrigerant.  The  weight,  for  example,  was  reduced 
from  approximately  60  Ib  per  ton  for  a  vapor  compression  system,  or  an 
initial  weight  of  130  Ib  per  ton  for  a  dry  ice  system,  to  approximately  25 
Ib  per  ton  for  an  air  cycle  system.  The  usual  disadvantage  of  high  power 
requirements  for  the  operation  of  the  air  cycle  system  was  shown  to  be 
more  than  offset  by  the  reduction  in  fuel  requirements  for  transporting  the 
bulk  and  weight  of  the  cooling  system  through  the  air.  Quite  possibly, 
with  continued  development  and  further  experience,  air  cycle  refrigeration 
systems  may  be  used  economically  for  other  applications,  particularly  in  the 
ransportation  field. 

The  Steam  Jet  System 

The  steam  jet  system,  under  certain  circumstances,  is  desirable  for  use 
in  air  conditioning.2  Steam  supplies  directly  the  power  used  for  com- 
pressing the  refrigerant,  thus  eliminating  the  losses  connected  with  other 
methods  of  supplying  energy.  As  the  compression  ratio  between  the 
evaporator  and  condenser  under  normal  circumstances  is  large,  the  mechan- 
ical efficiency  of  the  equipment  is  somewhat  lower  than  that  of  the  positive 
mechanical  type  compressor.  The  condensing  water  requirements  are 
considerably  greater,  as  both  the  refrigerant  and  the  impelling  steam  must 
be  condensed. 

The  steam  jet  system  functions  on  the  principle  that  water  under  high 
vacuum  will  vaporize  at  low  temperatures.  Steam  jet  boosters  or  com- 
pressors of  the  type  commonly  used  in  power  plants  for  various  processes, 
will  produce  the  necessary  low  absolute  pressure  to  cause  evaporation  of 
the  water. 

A  diagrammatic  representation  of  a  typical  steam  ejector  water  cooling 
system  is  shown  in  Fig.  5.  The  figures  correspond  to  an  average  repre- 
sentative system.  The  water  to  be  cooled  enters  the  evaporator  and  is 
cooled  to  a  temperature  corresponding  to  the  vacuum  maintained.  Be- 
cause of  the  high  vacuum,  a  small  amount  of  the  water  introduced  in  the 
evaporator  is  flashed  into  steam.  As  this  requires  heat,  and  the  only 
source  of  heat  is  the  rest  of  the  water  in  the  evaporator  tank,  this  other 
water  is  almost  instantly  cooled  to  a  temperature  corresponding  to  the 
boiling  point  determined  by  the  vacuum  maintained.  The  amount  of 
water  flashed  into  steam  is  a  small  percentage  of  the  total  water  circulated 
through  the  evaporator,  amounting  to  approximately  11  Ib  per  (hr)  (ton) 
of  refrigeration  developed.  The  remainder  of  the  water  at  the  desired 
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low  temperature  is  pumped  out  of  the  evaporator  and  used  at  the  point 
where  it  is  required. 

The  ejector  compresses  the  vapor  which  has  been  flashed  in  the  evapo- 
rator, plus  any  entrained  air  taken  from  the  circulated  water,  to  a  some- 
what higher  absolute  pressure.  The  vapor  and  air  mix  with  the  impelling 
steam  on  the  discharge  side  of  the  jet,  and  the  total  mixture  then  passes 
from  the  ejector  into  the  condenser. 

The  slight  amount  of  air  which  may  be  entrained  in  the  cooled  water  is 
removed  by  a  small  secondary  ejector  which  raises  the  pressure  sufficiently 
so  that  the  air  can  be  discharged  to  the  atmosphere.  A  secondary  con- 
denser is  then  necessary  to  condense  the  steam  in  the  secondary  jet. 

While  a  single  booster  of  smaller  than  15  tons  capacity  is  difficult  to 
build,  steam  jet  vacuum  cooling  units  have  been  built  for  as  small  as  5 
to  6  tons  capacity.  They  can  readily  be  built  for  steam  pressures  of  from 
5  to  200  psi,  and  condenser  water  temperatures  as  high  as  90  F.  The 
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steam  consumption  in  pounds  per  hour  per  ton  of  refrigeration  increases 
rapidly  as  the  booster  steam  pressure  is  lowered.  For  example,  the  lower- 
ing of  the  booster  steam  pressure  from  200  to  90  psi  results  in  an  increase 
in  steam  consumption  of  approximately  5  per  cent,  whereas  a  further 
decrease  in  booster  steam  pressure  to  10  psi  increases  the  steam  consumption 
by  approximately  72  per  cent  over  that  required  at  200  psi. 

The  capacity  of  a  steam  jet  system  is  usually  controlled  by  controlling 
the  number  of  boosters  in  use  since  the  unit  usually  has  several  boosters 
operating  on  the  same  evaporator.  Usually  one  booster  is  automatically 
controlled,  whereas  the  others  are  manually  operated.  The  capacity  is 
dependent,  as  for  all  compressors,  upon  the  evaporator  temperature,  or 
in  other  words,  the  suction  pressure.  For  example,  the  capacity  is  lowered 
approximately  17  per  cent  if  the  evaporator  or  chilled  water  temperature 
is  lowered  from  50  to  45  F.  The  capacity  therefore  can  be  controlled  to 
some  extent  by  regulating  the  evaporator  temperature. 
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The  Absorption  System 

The  absorption  and  compression  refrigeration  cycles  differ  only  with 
respect  to  the  method  of  compression.  Each  cycle  requires  a  condenser, 
expansion  valve,  and  evaporator,  but  the  absorption  cycle  utilizes  three 
major  equipments  in  place  of  the  mechanical  compressor;  these  equipments 
are  the  absorber,  the  pump,  and  the  generator.  Vapor  from  the  evaporator 
is  absorbed  by  a  low  temperature  absorbent  fluid  which  is  then  pumped  to 
the  generator  where  heat  is  supplied  to  boil  off  the  refrigerant.  The  ab- 
sorbent is  now  cooled  and  readmitted,  through  a  pressure-reducing  valve, 
to  the  absorber. 

In  addition  to  the  three  primary  equipments  of  the  absorption  cycle  it 
is  necessary  to  provide  auxiliary  equipment,  usually  an  analyzer  and  a 
rectifier,  to  remove  from  the  refrigerant  leaving  the  generator,  insofar  as 
is  possible,  the  absorbent  which  vaporizes  and  leaves  the  generator  with 
the  refrigerant.  Removal  of  this  material  is  of  great  importance  to  effec- 
tive operation  of  the  system,  since  even  a  small  concentration  of  absorbent 
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FIG.  6.  CLOSED  ABSORPTION  SYSTEM 

in  the  refrigerant  will  suffice  to  reduce  greatly  the  evaporator  pressure 
required  for  maintenance  of  a  given  evaporator  temperature.  Thermo- 
dynamic  analysis  of  absorption  cycles  is  relatively  complex,  and  requires 
the  use  either  of  tables  or  graphs  showing  the  equilibrium  relationships 
and  thermodynamic  properties  of  the  refrigerant-absorbent  combination. 
Data  of  this  kind  are  available  in  bibliography  item  A,  and  a  discussion  of 
various  absorbents  is  given  in  bibliography  item  F.  Thermodynamically? 
the  effectiveness  of  a  refrigerant-absorbent  combination  increases  directly 
with  its  negative  deviation  from  Raoult's  Law. 

Fig.  6  shows  a  typical  absorption  cycle  flow  diagram.  Cooling  water 
first  goes  through  the  absorber  (where  it  extracts  the  heat  of  absorption 
which  is  liberated  by  the  refrigerant  vapor  as  it  goes  into  solution),  then 
through  the  condenser,  and  finally  through  the  rectifier.  Refrigerant 
from  the  evaporator  enters  the  absorber  where  it  goes  into  solution  in  the 
absorbent ;  the  high  concentration  solution  is  then  pumped  to  the  generator 
where  heat  is  supplied;  the  refrigerant  (with  some  absorbent  vapor)  leaves 
for  the  rectifier  and  the  warm  low  concentration  solution  is  returned  to 
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the  absorber.  In  the  rectifier  selective  condensation  occurs,  the  concen- 
tration of  the  absorbent  In  the  condensate  being  much  greater  than  Its 
concentration  in  the  entering  vapor  mixture ;  rectifier  condensate  is  dripped 
back  to  the  generator. 

Recently,  several  absorption  systems  using  lithium  bromide  as  the  ab- 
sorbent and  water  as  the  refrigerant,  have  been  designed  and  marketed 
primarily  for  air  conditioning  application.  The  largest  of  these3  is  con- 
structed in  sizes  up  to  200  tons  capacity,  and  is  capable  of  operating  with 
good  efficiency  on  low  pressure  steam.  Since  the  absorbent  is  a  solid  salt 
which  becomes  a  liquid  in  solution,  only  the  refrigerant  can  be  evaporated 
in  the  generator.  Maximum  efficiency  is  therefore  approached.  The  ratio 
of  refrigerating  effect  to  heat  input  (the  performance  ratio  or  commonly 
used  efficiency  measure  of  absorption  machines)  ranges  as  high  as  75  per 
cent  as  compared  with  40  to  45  per  cent  for  the  ordinary  ammonia  absorp- 
tion system,  'fit  is  likely  that  absorption  cycles  of  this  nature  will  find 
increasing  use" in  air  conditioning  applications.  Both  the  refrigerant  and 
the  absorbent  are  non-toxic  and  non-explosive,  the  performance  ratio  does 
not  vary  greatly  from  20  per  cent  of  capacity  to  full  load,  and  the  increased 
efficiency  places  operating  costs  in  competition  with  other  forms  of  cooling 
sources  in  some  applications. 

The  total  energy  requirements  of  an  absorption  cycle  greatly  exceed 
those  of  a  compression  system,  but  the  energy  required  is  of  low  availability 
(heat)  in  contrast  with  the  high  availability  requirements  (shaft  work) 
of  the  mechanical  compressor.  Thus,  in  localities  where  heat  and  cooling 
water  are  obtainable  at  low  cost,  it  will  be  more  economical  to  use  a  large 
quantity  of  inexpensive  thermal  energy  in  preference  to  a  much  smaller 
quantity  of  expensive  shaft  energy.  For  most  absorption  systems  the 
heat  required  will  be  from  one  and  one-half  to  five  times  as  much  as  the 
heat  extracted  in  the  evaporator;  cooling  water  requirements  are  propor- 
tionally high. 

Ice  Systems 

Cold  water  systems  using  ice  as  the  cooling  agent  have  been  Installed 
in  some  theaters,  restaurants,  funeral  homes,  churches  and  other  places 
where  short  hours  of  operation  and  high  peaks  of  cooling  demand  make 
this  type  of  system  desirable.  A  comparatively  small  quantity  of  ice  in 
the  water  cooling  tank  of  such  a  system  can  release  refrigeration  at  a  rela- 
tively rapid  rate.  For  instance,  neighborhood  theaters  having  a  peak 
demand  of  1,200,000  Btu  per  hr  (100  tons  refrigeration)  have  found  8  ton 
capacity  ice  bunkers  satisfactory. 

In  operation,  the  water  in  the  air  conditioning  system  is  circulated  over 
ice  placed  in  an  insulated  box,  and  is  cooled  to  the  38  or  40  deg  range  or 
higher,  if  desired.  This  cold  water  is  pumped  from  the  ice  bunker  to  air 
cooling  coils  or  spray  type  air  washers.  The  blowers,  coils,  air  washer  or 
air  handling  sections  are  the  same  as  those  parts  in  any  system  employing 
cold  water  as  a  refrigerant. 

The  ice  water  cooler  or  ice  bunker  is  usually  built  at  the  installation  in 
a  location  where  it  can  easily  be  iced.  It  can  be  constructed  of  any  de- 
sired material  such  as  concrete,  steel,  or  wood  with  an  adequate  amount 
of  insulation  to  save  the  ice  from  one  period  of  use  to  the  next.  The  basic 
requirement  is  that  the  tank  be  durable  and  water-tight. 

The  temperature  of  the  water  is  controlled  at  a  predetermined  point 
by  a  thermostat  in  the  supply  line.  If  the  temperature  drops  too  low,  a 
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part  of  the  return  water  is  by-passed  directly  to  the  sump  and  is  not  cooled 
over  the  ice.  In  the  larger  systems  it  is  customary  to  install  an  overflow 
control  which,  as  the  ice  melts,  discards  the  excess  water  through  an  econo- 
mizer coil,  the  surface  of  which  is  large  in  relation  to  the  flow  so  that  the 
water  is  warmed  to  60  F  or  more  as  it  is  discharged  from  the  system. 

In  an  attempt  to  lower  initial  equipment  cost  and  operating  expense,  or 
increase  the  refrigeration  capacity  of  an  existing  air  conditioning  system, 
storage  refrigeration  has  been  utilized  in  a  few  applications.  Some  of 
the  methods  which  have  been  adopted  include  the  storage  of  refrigeration 
in  the  form  of  chilled  water,  chilled  brine,  ice  on  evaporator  coils4  and  the 
accumulation  of  thin  sheets  of  ice  on  copper  plates  in  a  steel  tank.5  If  the 
peak  load  factor  is  low  as  compared  with  a  long  period  of  operation,  such 
as  in  a  restaurant,  or  if  the  hours  of  operation  are  short  but  the  usage  factor 
high,  as  in  a  church,  then  it  is  possible  to  consider  storage  refrigeration. 
This  method  of  accumulating  refrigeration  frequently  makes  it  possible  to 
use  low  cost  off-peak  electric  power.  Power  costs  may  also  be  reduced  by 
installing  a  smaller  refrigeration  plant,  augmented  by  a  storage  system,  and 
by  operating  it  for  longer  periods. 


Conditioned  air  fan 


Exhaust  air  fan 


Conditioned  afr  fan 
\ 


Evaporator^ 


^Condenser 


Compressor 


Cooling  cycle 
Preheating  coil 

FIG.  7.  SCHEMATIC  OPERATION  OF  REVERSED  CYCLE  CONDITIONING  SYSTEM 

The  Heat  Pump 

Although  frequently  referred  to  incorrectly  as  the  reverse  cycle  system, 
the  heat  pump  cycle  is  identical  with  the  ordinary  refrigeration  cycle,  and 
differs  only  in  the  sense  that  the  desired  effect  is  rejection  of  the  heat  from 
the  condenser  rather  than  absorption  of  heat  in  the  evaporator.  A  discus- 
sion of  the  coefficient  of  performance  for  the  heat  pump  is  found  earlier  in 
this  chapter. 

From  an  analysis  of  the  equation  for  the  coefficient  of  performance,  it  is 
evident  that  the  economical  adaption  of  the  heat  pump  as  a  practical  means 
of  heating,  requires  that  the  temperature  of  the  source  from  which  the  heat 
is  extracted  be  as  high  as  possible,  and  that  the  temperature  of  the  sink  to 
which  the  heat  is  rejected  for  heating  purposes,  be  as  low  as  possible.  Thus, 
with  a  small  temperature  spread  between  the  evaporator  and  the  con- 
denser, six  or  more  times  as  much  heat  may  be  obtained  theoretically  (and 
three  to  five  times  practically)  as  the  heat  equivalent  of  the  work  necessary 
to  operate  the  system.  There  are  a  number  of  limitations,  however,  the 
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most  serious  of  which  is  the  lack  of  ready  availability  of  a  practical  source 
of  heat. 

The  source  of  heat  supply  for  the  evaporator  may  be  air,  ground  water 
or  the  earth  itself,  depending  upon  the  climate  and  topography. 

1.  Air  may  be  used,  but  its  specific  heat  is  low  and  its  temperature  uncertain. 
When  the  most  heat  is  needed,  the  temperature  of  the  air  is  the  lowest,  thus  resulting 
in  the  least  favorable  temperature  combination.    Practical  considerations  seem  to 
limit  the  use  of  present  air  systems  to  climates  such  as  those  encountered  in  the 
southern  United  States,  where  temperatures  under  20  F  are  not  experienced. 

2.  Water  from  wells,  lakes  or  rivers  may  be  used.    Well  water  is  the  most  desirable 
since  its  temperature  is  fairly  constant  throughout  the  entire  year.    As  water  tem- 
perature is  relatiyely  high,  even  in  winter,  a  large  amount  of  heat  may  be  removed 
relative  to  the  weight  of  water  handled.    Means  of  returning  the  water  to  the  under- 
ground reservoir  should  be  provided  to  prevent  depletion.    The  disadvantages  of 
using  water  include  the  problem  of  locating  an  adequate  supply,  the  cost  of  pumping 
and  the  problem  of  water  disposal. 

3.  The  earth  may  be  used  as  a  source  of  heat  with  the  refrigerant  coils  buried  in 
the  ground,  or  with  a  heat  exchanger  supplied  by  a  water-circulating  coil  buried  in 
the  ground.    One  disadvantage  appears  to  be  the  large  amount  of  heat  transfer  sur- 
face required. 

Some  of  the  other  factors  which  act  as  limitations  are :  the  large  tem- 
perature spread  when  using  air  as  a  source  of  heat,  and  when  attempting 
to  cool  with  even  moderately  low  outside  temperatures;  the  frequent  dis- 
parity between  the  size  of  the  cooling  load  and  heating  load,  which  necessi- 
tates extra  equipment  for  a  complete  heating  load;  and  the  relatively  high 
initial  cost  of  equipment,  as  compared  to  that  at  present  available  for 
heating  by  conventional  means* 

Both  water  and  air  are  practical  media  to  which  the  condenser  heat  may 
be  rejected,  but  the  generation  of  steam  requires  too  high  a  temperature. 
Practical  operation  therefore  dictates  that  the  heat  pump  be  used  in  con- 
junction with  either  an  air  or  water  heating  system. 

Since  development  of  a  heat  pump  to  date  includes  the  use  of  air,  water, 
and  earth  as  heat  sources,  and  air  and  water  as  heat  sinks,  there  are  six 
possible  combinations  of  source  and  sink  in  application :  air  to  air,  air  to 
water,  water  to  air,  water  to  water,  earth  to  air  and  earth  to  water.  A 
typical  arrangement  of  a  heat  pump  system  with  air  as  the  source  of  heat, 
is  shown  in  Fig.  7.  If  the  air  seldom  drops  below  freezing,  heating  is  often 
required  in  the  morning,  and  cooling  during  the  afternoon,  in  order  to  main- 
tain comfortable  conditions  in  such  a  system.  The  arrangement  as  shown 
lends  itself  to  changing  over  automatically  as  required. 

BASIC  REFRIGERATION  EQUIPMENT 
Compression  Refrigeration  Machines 

Compression  of  the  refrigerant  gas  drawn  from  the  evaporator  may  be 
accomplished  by  one  of  several  means.  Positive  displacement  may  be 
used  as  in  the  reciprocating,  rotary  or  gear  types  of  compressors;  centrif- 
ugal force  may  be  applied  as  in  the  centrifugal  compressor;  an  ejector 
may  be  used  as  in  the  steam  jet  refrigeration  cycle;  or  absorption  of  a  low 
pressure  refrigerant  gas  in  a  secondary  fluid,  followed  by  the  absorbent's 
release  upon  application  of  heat,  may  be  utilized.  A  detailed  discussion 
of  the  equipment  required  for  each  of  these  types  of  systems  is  beyond  the 
scope  of  this  chapter.  For  a  more  comprehensive  treatment,  reference 
may  be  made  to  the  bibliography.  The  present  discussion  is  limited  to 
positive  displacement  reciprocating  compressors,  rotary  compressors 
centrifugal  compressors. 
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Reciprocating  Compressors 

Reciprocating  compressors  may  be  classified  according  to  (a)  cylinder 
design,  (b)  compressor  drive,  (c)  valves,  and  (d)  lubrication  and  cooling. 

Cylinder  Design.  Cylinder  design  may  vary  as  to  number,  arrangement,  and 
action  (i.e.,  single-acting  or  double-acting).  Single-acting  compressors  usually  have 
their  cylinders  arranged  vertically,  radially,  or  in  a  V  or  W  shaped  arrangement. 
Double-acting  compressors,  with  refrigerant  gas  drawn  in,  and  compressed  on  both  the 
head  and  crank  ends  of  the  cylinder,  are  usually  arranged  horizontally.  Reciprocat- 
ing units  are  available  with  from  one  to  sixteen  cylinders  with  the  V,  W,  or  radial 
arrangements  best  adapted  to  the  greatest  numbers.  The  present  trend  is  toward 
higher  operating  speeds  with  a  low  displacement  per  cylinder,  together  with  an  in- 
crease in  the  number  of  cylinders.  Whereas  the  original  reciprocating  compressors 
were  slow  speed  (50  to  55  rpm)  steam  driven  devices,  modern  electric  motor-driven 
compressors  range  up  to  3500  rpm.  Cylinder  heads  are  usually  bolted  tight  to  the 
cylinders,  but  in  some  large  compressors  where  there  is  danger  of  wet  compression  or 
of  foreign  materials  entering  the  compressor  space,  a  secondary  head  known  as  a 
safety  head,  may  be  seated  at  the  end  of  the  cylinder  and  held  in  position  with  heavy 
springs.  Normally,  this  head  remains  stationary,  but  excessive  pressures  in  the 
clearance  space  are  relieved  by  movement  of  the  safety  head,  and  thus  prevent  damage 
to  the  cylinder. 

Compressor  Drives.  Reciprocating  compressors  may  be  subdivided  as  to  the 
source  of  motive  power,  and  as  to  whether  they  are  open  or  hermetic.  Practically  all 
modern  compressors  are  electric  motor-driven,  although  a  few  large,  steam-driven 
compressors  are  still  being  installed  where  steam  forms  the  most  economical  source 
of  energy.  In  a  few  cases,  as  with  truck  transportation,  the  compressor  may  be 
driven  by  an  internal-combustion  engine. 

The  division  of  compressors  into  open  or  closed  types  is  dependent  upon  whether 
the  motive  power  is  received  from  an  external  source,  or  whether  the  motor  is  direct 
drive  and  sealed  within  the  housing.  In  the  open  type,  power  is  received  from  an 
external  source  with  one  end  of  the  compressor  crankshaft  extending  through  the 
crankcase,  and  usually  V-belt  driven.  The  point  of  emergence  of  the  shaft  from  the 
crankcase  forms  a  weak  point  of  refrigerant  leakage,  and  is  most  frequently  sealed 
with  a  bellows  type  crankshaft  seal.  Horizontal  double-acting  compressors  operate 
with  a  sliding  piston  rod,  moving  back  and  forth  through  a  stuffing  box.  If  the  motor 
is  direct-drive  and  enclosed  within  the  compressor  housing,  the  compressor  is  classi- 
fied as  closed  or  hermetic.  This  eliminates  the  necessity  of  any  shaft  seal,  and  not 
only  prevents  refrigerant  leakage  at  this  point,  but  reduces  operating  noise.  One 
disadvantage  is  the  inaccessibility  of  moving  parts  for  repairs,  but  lubrication  is 
greatly  sirmolified  since  both  the  motor  and  compressor  operate  in  a  sealed  space  with 
the  lubricating  oil. 

Compressor  Valves.  All  refrigeration  compressor  valves  are  dependent  for  their 
operation  upon  a  difference  in  pressure  between  the  inside  of  the  cylinder  and  the 
suction  or  discharge  line.  Although  mechanically- operated  valves^  might  have  some 
advantage,  they  have  proved  unsatisfactory  because  each  change  in  the  evaporator 
or  condenser-operating  pressures  requires  a  change  of  valve  setting.  The  pressure 
differentials  required  for  operation  of  the  valves  depend  upon  the  valve  design  and 
the  compressor  speed.  The  suction  and  discharge  valves  may  be  arranged  with  both 
located  in  the  compressor  head,  or  with  the  suction  valve  on  the  top  of  the  piston  and 
the  discharge  valve  in  the  compressor  head  (uniflow  arrangement) .  The  valves  them- 
selves are  usually  classified  as  either  poppet,  ring-plate  or  flexing. 

Lubrication  and  Cooling.  Lubrication  of  modern  compressors  is  accomplished  by 
either  splash  lubrication  or  forced  lubrication.  The  latter  is  used  on  large  com- 
pressors, while  simple  splash  lubrication  is  used  in  the  smaller  units. 

Large  compressors  are  usually  water  cooled  with  the  water  jacket  either  cooling 
the  cylinder  walls,  or  both  the  cylinder  walls  and  the  compressor  head.  Small  com- 
pressors are  either  water  cooled  or  air  cooled  with  extended  finned  surfaces  cast  on 
the  exterior  of  the  cylinder.  In  a  few  cases  small  compressors  may  be  found  in  which 
there  is  no  attempt  to  add  any  purposive  cooling  other  than  through  non-finned  sur- 
faces to  the  lower  temperature  air.  Water  cooling  is  more  effective  than  air  cooling, 
but  even  under  the  best  conditions  cylinder  cooling  removes  only  a  portion  of  the 
superheat  in  the  refrigerant  gas.  This  removal  of  heat  from  the  cylinder  results  in 
some  decrease  in  the  work  of  compression,  as  well  as  reduction  in  condenser  load. 
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Rotary  Compressors 

In  recent  years  rotary  compressors,  usually  hermetically  sealed,  have 
become  quite  popular  for  fractional  tonnage  applications  and  are  being 
designed  in  increasingly  larger  sizes.  Of  the  various  designs  attempted, 
the  single  blade  rotary  compressor  shown  diagrammatically  in  Fig.  8  is 
the  most  popular.  An  eccentric  driven  rotor  revolves  within  a  housing 
in  which  the  suction  and  discharge  passages  are  separated  by  means  of  a 
sealing  blade.  When  the  rotating  eccentric  first  passes  this  blade  and  the 
suction  opening,  the  compressor  suction  space  is  very  small.  As  the  ec- 
centric rotates,  this  crescent-shaped  space  becomes  increasingly  larger, 
thereby  drawing  in  a  charge  of  suction  gas.  When  the  eccentric  again 
passes  the  blade,  the  gas  charge  is  cut  off  from  the  suction  inlet,  compressed, 
and  discharged  from  the  compressor.  Such  rotary  compressors  are  quiet 
in  operation  and  reasonably  free  from  vibration.  In  common  with  other 
types  of  hermetically  sealed  units,  they  have  the  advantages  of  compara- 
tively low  loss  of  refrigerant  and  sealed-in  lubrication. 


FIG.  8.  DIAGRAMMATIC  VIEW  OF  EOTAEY  COMPRESSOK  WITH  FLOODED  EVAPORATOR 

AND  CAPILLARY  TUBE 

Centrifugal  Compressors 

Centrifugal  compressors  are  used  with  very  low  pressure  refrigerants; 
usually  both  evaporator  and  condenser  work  below  atmospheric  pressure. 
Water  and  monofluorotrichloromethane  (F-ll)  are  the  refrigerants  com- 
monly used  in  centrifugal  machines. 

Compression  of  the  refrigerant  is  accomplished  by  means  of  centrifugal 
force;  therefore,  this  type  of  compressor  is  inherently  suitable  for  large 
volumes  of  refrigerant  at  low  pressure  differentials.  Two  or  more  stages 
are  usually  required  and  high  speeds  are  necessary  to  obtain  good  efficiency. 

The  evaporator  is  usually  constructed  as  an  integral  part  of  the  centrif- 
ugal type  condensing  unit,  to  chill  water  which  is  then  circulated  to  the 
air  conditioning  system.  This  is  done  because  it  would  not  be  economical 
to  pipe  these  large  volumes  of  refrigerant  any  distance. 

Centrifugal  compressors,  like  reciprocating  compressors,  can  be  divided 
into  two  general  types,  open  and  enclosed.  In  general,  the  open  type  com- 
pressor is  geared  to  the  driving  mechanism,  and  operates  at  higher  speed 
than  the  driving  motor  or  turbine.  A  modern,  completely  enclosed,  direct- 
driven  centrifugal  compressor  is  illustrated  in  Pig.  9. 
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Centrifugal  refrigeration  compressors  are  particularly  well  suited  to 
direct  steam  turbine  drive  because  of  their  high  operating  speed.  Water 
cooling  equipment  of  one  design  is  operated  between  3500  and  4000  rpin 
for  units  developing  1000  to  2000  tons  capacity,  and  from  7000  to  8000  rpra 
for  units  developing  100  to  200  tons  capacity.  However,  a  great  many 
applications,  particularly  in  the  smaller  sizes,  are  electric  motor-driven  and 
equipped  with  standard  gear-type  speed  increasers.  Centrifugal  systems 
are  particularly  well  adapted  to  large  capacities  (up  to  3000  tons)  although 
it  is  also  possible  to  secure  units  as  low  as  50  tons  in  rating.  Because  centrif- 
ugal units  operate  best  with  refrigerants  possessing  a  high  specific  volume, 
and  because  of  the  simplification  of  lubrication  difficulties,  they  are  fre- 
quently used  for  extremely  low  temperature  applications.  They  are  adapt- 
able to  a  wide  range  of  temperatures  from  — 130  F  to  50  F.  One  important 
advantage  is  their  flexibility  under  varying  loads,  since  units  may  be  de- 
signed to  operate  with  reasonable  efficiency  at  capacities  as  low  as  20  per 
cent  of  normal  load. 


2  nd.  stage  compressor 


Condenser 


0  in.  mercury  approximate  operating  vacuum 


mercury  approximate  operating  vacuum 


1  st  stage  compressor  Chiller 

FIG.  9-  ENCLOSED  TYPE  CENTRIFUGAL  CONDENSING  UNIT 


Condensers 

Condensers  -used  for  liquefying  the  refrigerant  are  of  three  general  de- 
signs: (1)  air  cooled,  (2)  water  cooled,  and  (3)  evaporative  (combination  air 
and  water). 

1.  Air  cooled  condensers  are  seldom  used  for  capacities  above  3  tons  of  refrigeration, 
unless  an  adequate  water  supply  is  extremely  difficult  to  obtain,  as,  for  instance,  in 
railway  air  conditioning.  Even  on  fractional  tonnage  installations,  air  is  used  as  the 
condensing  medium  only  where  water  is  expensive,  or  where  simplicity  of  installation 
warrants  the  higher  condensing  pressure,  and  consequent  higher  power  costs  than 
would  be  obtained  using  water  as  the  condensing  medium. 

The  conventional  air  cooled  condenser  consists  of  an  extended  surface  coil  across 
which  air  is  blown  by  a  fan.  The  hot  discharge  gas  enters  the  coil  at  the  top  and,  as 
it  is  condensed,  flows  to  a  receiver  located  below  the  condenser.  Air  cooled  con- 
densers should  always  be  located  in  a  well  ventilated  space  so  that  the  heated  air  may 
escape  and  be  replaced  by  cooled  air. 

The  principal  disadvantages  of  air  cooled  condensers  are  the  power  required  to 
move  the  air,  and  the  reduction  of  capacity  on  hot  days.  This  loss  of  capacity,  duetto 
high  condensing  pressures  on  hot  days,  requires  that  equipment  of  increased  capacity 
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be  selected  to  meet  the  peak  load.  Thus  at  normal  loads  the^equipment  is  oversized. 
Their  principal  advantages  are  low  installation  costs  and  simplicity,  and  for  these 
reasons  they  are  frequently  used  in  small  self-contained  units. 

2.  Water  cooled  condensers  are  commonly  used  with  compressors  of  one^  horsepower 
or  larger  in  size,  and  they  are  found  almost  exclusively  on  large  installations.  They 
usually  prove  to  be  the  most  economical  choice  if  an  adequate  water  supply  and  means 
for  its"  disposal  are  available.  Although  water  cooled  condensers  may  be  of  many 
designs,  the  shell  and  coil  and  the  shell  and  tube  are  most  commonly  found  in  present 
day  practice, 

The  amount  and  temperature  of  the  condensing  water  determine  the  condensing 
temperature  and  pressure,  and  indirectly  the  power  required  for  compression.  It  is 
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FIG.  10.  SCHEMATIC  VIEW  OF  AN  EVAPOBATIVE  CONDENSEB 

therefore  necessary  to  determine  a  balance  so  that  the  quantity  of  water  insures  eco- 
nomical compressor  operation. 

Because  there  is  a  decided  tendency  to  conserve  the  water  in  city  mains,  and  be- 
cause most  large  cities  are  restricting  the  use  of  water  for  air  conditioning  and  refrig- 
eration equipment,  it  is  often  necessary  to  install  cooling  towers  or  evaporative 
condensers.  Cooling  towers,  unfortunately,  produce  the  warmest  condensing  water 
at  the  time  when  the  load  on  the  system  is  greatest,  so  that  the  refrigeration  equip- 
ment must  be  designed  to  meet  the  maximum  load  at  abnormal  condensing  water 
temperatures.  If  properly  designed,  this  makes  little  difference  in  the  efficiency  of 


information  on  cooling  towers,  reference  may  be  made  to  Chapter  34. 

3.  Evaporative  condensers  were  developed  to  alleviate  the  over-burdened  water 
supply  and  drainage  facilities  of  communities  where  many  small  air  conditioning 
systems  using  water  cooled  condensers  were  applied.  The  adaptation  of  cooling 
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towers  to  small  installations  is  not  practicable.  The  evaporative  condenser  combines 
the  functions  of  the  two  by  using  a  minimum  amount  of  water  on  a  finned  surface, 
cooling  it  to  approximately  the  wet-bulb  temperature  of  the  surrounding  atmosphere. 

The  end  view  of  a  typical  evaporative  condenser  is  shown  in  Fig.  10,  The  fan 
draws  the  air  over  a  finned  tube  condenser  which  is  kept  wet  by  a  water  spray.  The 
discharge  refrigerant  gas  from  the  compressor  enters  the  top  of  the  condenser  coil,  and 
the  liquid  refrigerant  is  drained  from  the  bottom  of  the  coil  into  a  liquid  receiver,  and 
then  circulates  through  the  remaining  portion  of  the  system  in  the  usual  way. 

The  water  is  circulated  through  the  spray  nozzles,  and  the  level  is  maintained  in 
the  sump  by  means  of  a  float  valve.  The  eliminator  plates  are  placed  in  the  path  of 
the  water-air  mixture  so  as  to  remove  the  entrained  water.  The  air  leaving  the  unit 
is  almost  completely  saturated,  so  that  care  must  be  taken  in  locating  discharge  ducts 
to  prevent  condensation. 

Evaporative  condensers  are  available  in  sizes  up  to  100  tons  or  more.  These  units 
use  only  a  small  portion  of  the  water  required  for  a  water  cooled  condenser.  The 
water  is  vaporized  by  the  heat  of  the  refrigerant  so  that  each  pound  of  water  used 
extracts  approximately  1000  Btu  from  the  refrigerant,  whereas  under  standard  rating 
conditions  where  the  water  temperature  rise  is  20  F,  each  pound  of  water  extracts  only 
20  Btu  from  the  refrigerant.  Including  the  water  lost  by  entrainment  in  the  discharge 
air,  by  overflow  and  stand-by  evaporation,  the  water  used  is  about  3  to  5  per  cent  of 
the  amount  that  would  be  required  for  a  water  cooled  condenser. 

The  evaporative  condenser  requires  more  maintenance,  occupies  greater  space 
(must  be  located  where  air  is  available),  and  has  a  higher  first  cost  than  the  water 
cooled  condenser,  but  where  the  use  of  water  is  restricted  or  expensive,  the  evapora- 
tive condenser  has  become  widely  accepted.  Compared  with  a  water  cooled  condenser 
and  cooling  tower,  which  combination  uses  about  the  same  quantity  of  water,  the 
evaporative  condenser  has  the  advantage  of  lower  cost  and  smaller  space  require- 
ments. 

Evaporators  and  Coolers 

Refrigeration  evaporators  must  be  designed  for  efficient  removal  of  heat 
from  the  medium  being  cooled,  as  well  as  effective  boiling  of  the  refrigerant 
and  a  minimum  drop  of  pressure  through  the  coil.  There  are  two  general 
types  of  evaporators,  dry  and  flooded.  In  the  dry  evaporator  the  re- 
frigerant enters  in  the  liquid  state,  and  the  design  provides  for  complete 
evaporation  with  the  vapors  leaving  slightly  superheated.  In  flooded 
evaporators  not  all  of  the  refrigerant  is  evaporated,  the  liquid-vapor  mix- 
ture leaving  the  evaporator  flows  into  a  surge  drum  from  which  the  vapors 
are  drawn  into  the  compressor  suction  line,  and  the  liquid  is  recirculated 
through  the  evaporator. 

The  types  of  coolers  used  in  connection  with  air  conditioning  work  fall 
into  three  general  groups:  (1)  direct  water  coolers,  (2)  direct  air  coolers, 
and  (3)  brine  coolers  for  circulation  of  the  brine  in  a  closed  system,  and 
thus  cooling  indirectly  either  water  or  air. 

1.  Water  coolers.  One  method  of  the  direct  cooling  of  water  Is  to  install  direct 
expansion  coils  in  the  spray  chamber  so  that  the  water  sprayed  into  the  air  comes  in 
direct  contact  with  the  cooling  coils.  Another  common  and  efficient  method  of  cool- 
ing spray  water  is  to  use  a  Baudelot  type  of  heat  absorber  where  the  water  flows  over 
direct  expansion  coils  at  a  rate  sufficiently  high  to  give  efficient  heat  transfer  from 
water  to  refrigerant. 

Another  type  of  spray  water  cooler  is  the  shell  and  tube  heat  exchanger  In  which 
the  refrigerant  is  expanded  into  a  shell  enclosing  the  tubes  through  which  the  water 
flows.  The  velocity  of  the  water  in  the  tubes  affects  the  rate  of  heat  transfer,  and  as 
the  refrigerant  is  in  the  shell  completely  surrounding  the  tubes  at  all  times,  good  con- 
tact and  a  high  rate  of  heat  transfer  are  insured.  The  disadvantage  of  such  a  system 
is  that  with  the  falling  off  of  load  on  the  compressor,  the  suction  temperature  or  the 
temperature  in  the  evaporator  drops,  and  there  is  a  possibility  of  freezing  the  water 
in  the  tubes,  which,  of  course,  might  split  the  tubes  and  allow  the  refrigerant  to  escape 
into  the  water  passage.  This  danger  can  be  eliminated  by  automatic  safety  devices. 

Another  system  of  cooling  spray  water  is  to  submerge  coils  in  the  spray  collecting 
tank,  or  in  a  separate  tank  used  for  storage.  The  heat  transmission  through  the  walls 
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of  the  coils,  however,  is  low  and  a  great  deal  more  surface  is  required  than  for  any 
other  type  of  cooler.  However,  with  large  storage  tanks  this  type  of  cooling  can  be 
utilized  to  advantage. 

2.  Air  coolers.    When  direct  cooling  of  air  is  employed,  the  refrigerant  is  inside  the 
coil  and  the  air  passes  over  it.    Cooling  depends  upon  convection  and  conduction  for 
removing  the  heat  from  the  air.    The  type  of  coil  used  can  be  either  smooth  or  finned, 
the  finned  coil  being  more  economical  in  space  requirement  than  the  smooth  coil. 
The  fins,  however,  must  be  far  enough  apart  so  as  not  to  retain  the  moisture  which 
condenses  out  of  the  air. 

When  refrigeration  evaporators  are  used  for  cooling  air  or  other  gases  by  forced 
convection,  they  are  usually  termed  blast  coils  or  unit  coolers.  A  blast  coil  may  be 
placed  in  a  duct  or  in  an  assembled  unit,  and  the  air  forced  across  the  coil  and  dis- 
charged through  distributing  ducts  or  directly  into  the  space  to  be  conditioned.  Unit 
coolers,  designed  much  like  unit  heaters,  consist  of  a  finned  coil,  propeller  fan,  and 
controls  suspended  directly  in  the  space  to  be  cooled. 

3.  Indirect  brine  coolers.    The  indirect  cooler,  where  brine  is  cooled  by  the  refrig- 
erant and  the  resulting  cold  brine  is  used  to  cool  either  air  or  water,  introduces  several 
other  considerations.    It  is  not  the  most  economical  from  a  power  consumption 
standpoint,  as  it  is  necessary  to  cool  the  brine  to  a  temperature  sufficiently  low  so 
that  there  is  an  appreciable  difference  between  the  average  brine  temperature  and 
that  of  the  substance  being  cooled.    This  requires  that  the  temperature  of  the  refrig- 
erant must  be  still  lower,  and  consequently  the  amount  of  power  required  to  produce 
a  given  amount  of  refrigeration  increases  due  to  the  higher  compression  ratio.    There 
are  other  considerations  which  make  such  a  system  desirable.    In  the  first  place, 
where  a  toxic  refrigerant  is  undesirable  or  cannot  be  used  because  of  fire  or  other  risks, 
especially  in  densely  populated  areas,  the  brine  can  be  cooled  in  an  isolated  room  or 
building  and  can  then  be  circulated  through  the  air  conditioning  equipment.    This 
arrangement  eliminates  any  possibility  of  direct  contact  between  the  air  and 
refrigerant. 

REFRIGERATION  CONTROL 

In  addition  to  the  compressor,  evaporator,  and  condenser,  several  auxili- 
aries are  required  for  proper  operation  of  a  refrigeration  system.  Some 
device  must  be  supplied  for  the  controlled  expansion  of  the  refrigerant  from 
the  high  condenser  pressure  to  the  low  evaporator  pressure;  controls  are 
required  for  the  on-off  operation  of  the  compressor,  the  flow  of  the  con- 
densing medium,  and  for  safety  devices;  proper  piping  is  required  for 
connecting  the  various  portions  of  the  systems.  Where  refrigerating  appa- 
ratus is  used  for  the  cooling  of  rooms,  additional  controls  are  required. 

Expansion  Devices 

Some  form  of  expansion  device  must  be  provided  to  control  the  rate  of 
SLOW  of  the  liquid  refrigerant  between  the  high  and  low  side  pressures  of 
the  system.  This  device  is  usually  an  expansion  valve  and  may  be  either 
manual  or  automatic;  however,  with  few  exceptions,  manual  valves  are 
obsolete  and  no  longer  used. 

Automatic  Expansion  Valves.  An  automatic  or  pressure  controlled  expansion 
valve  operates  to  maintain  a  constant  pressure  in  the  evaporator.  The  liquid  refrig- 
erant passes  through  an  orifice,  the  opening  size  of  which  is  controlled  by  means  of  a 
needle  valve  connected  to  a  flexible  bellows.  This  bellows  expands  or  contracts  with 
variations  in  the  evaporator  pressure  transmitted  to  the  expansion  chamber  through 
the  refrigerant  outlet  from  the  evaporator.  The  position  of  this  needle  valve  is  con- 
trolled by  the  degree  of  compression  in  an  adjustable  spring,  balanced  against  the 
bellows,  and  these  two  forces  operate  to  maintain  a  constant  pressure  in  the  evapora- 
tor by  increasing  or  decreasing  the  flow  of  liquid  refrigerant.  Such  an  expansion 
valve  is  usually  applied  to  evaporators  of  the  direct  expansion  type,  but  is  not  satis- 
factory for  fluctuating  loads  such  as  are  encountered  in  air  conditioning  installations. 

Thermostatic  Expansion  Valves.  A  thermostatic  expansion  valve  controls  the  flow 
of  liquid  refrigerant  to  the  evaporator  so  as  to  maintain  the  entire  coil  filled  with 
evaporating  refrigerant,  and  to  keep  a  constant  superheat  in  the  refrigerant  gas  leav- 
ing the  coil.  The  construction  of  such  a  valve  is  shown  in  Fig.  11  and  is  similar  to 
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that  for  an  automatic  expansion  valve  but  incorporates*  in  addition,  a  power  element 
responsive  to  changes  in  the  degree  of  superheat  of  the  refrigerant  gas  leaving  the  coil. 
This  power  element  consists  of  a  bellows  connected  by  means  of  a  capillary  tube  to  a 
feeler  bulb  fastened  to  the  suction  line  from  the  evaporator.  The  bulb,  bellows,  and 
tube  are  usually  charged  with  the  same  liquid  refrigerant  used  in  the  evaporator 
itself.  A  starved  condition  in  the  evaporator  results  in  a  greater  superheat  in  the  gas 
leaving  the  evaporator^  and  this  in  turn  operates  through  the  power  element  to  in- 
crease the  flow  of  liquid  refrigerant.  A  flooded  evaporator  reduces  the  discharge 
superheat,  and  thus  tends  to  reduce  the  flow  of  liquid  refrigerant.  Such  an  expansion 
valve  is  satisfactory  for  operation  with  fluctuating  loads  since  this  type  of  control 
tends  to  keep  the  evaporator  filled  with  refrigerant  at  all  times. 

Low-Side  Float  Valves .  A  liquid  refrigerant  control  of  the  low-side  float  valve  type 
consists  of  a  ball  float  located  in  either  a  receiver  or  the  evaporator  itself  on  the  low 
pressure  side  of  the  system.  A^needle  valve  operated  through  a  sjinple  lever  mecha- 
nism attached  to  the  float  permits  the  passage  of  more  or  less  refrigerant,  as  the  level 
in  the  receiver  or  the  evaporator  fluctuates.  Such  a  control  must  be  used  in  conjunc- 
tion with  a  flooded  evaporator,  and  has  been  applied  extensively  to  household 
refrigerators  and,  to  some  extent,  in  commercial  and  industrial  installations. 

High-Side  Float  Valves.  ^  A  high-side  float  valve  differs  from  a  low-side  float  valve 
in  that  the  float  is  located  in  a  receiver  or  container  on  the  high  pressure  side  of  the 
system.  Proper  operation  again  depends  upon  metering  of  the  refrigerant  through 
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Fia.  11.  TYPICAL  THEBMOSTATIC  EXPANSION  VALVE 

a  controlled  opening,  depending  upon  the  level  of  the  liquid  refrigerant  in  the  con- 
tainer. Such  a  control  has  the  disadvantage  that  the  evaporator  must  be  placed 
directly  adjacent  to  the  float  container,  or  some  intermediate  pressure  device  must 
be  applied  to  prevent  flashing  of  the  refrigerant  upon  pressure  drop. 

Capillary  Tubes.  A  capillary  tube  may  be  used  as  a  liquid  refrigerant  expanding 
device.  Such  a  device  consists  of  an  extremely  small  bore  tube  (in  the  order  of  0.04 
inch  in  diameter)  of  five  to  twenty  feet  in  length.  Although  such  a  restricting  device 
operates  as.  a  very  simple  means  of  expanding  the  liquid  refrigerant,  it  has  the  dis- 
advantage that  no  modifications  are  possible  to  adjust  the  rate  of  expansion  under 
various  operating  conditions.  The  bore  and  length  of  the  tube,  as  well  as  the  propor- 
tions of  the  rest  of  the  system,  are  critical.  It  is  for  these  reasons  that  its  application 
has  been  limited  to  factory  assembled  domestic  and  commercial  units. 

Refrigeration  Control  Devices 

In  addition  to  automatic  control  of  expansion  of  the  liquid  refrigerant,  a 
completely  automatic  refrigeration  system  requires  (1)  some  means  for 
on-off  operation  of  the  compressor  motor,  (2)  control  of  the  flow  of  the  con- 
densing medium,  and  (3)  safety  devices  for  prevention  of  damage  to  the 
equipment.  In  addition,  special  controls  designed  for  specific  applications 
are  frequently  required.  The  various  types  of  devices  used  to  accomplish 
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these  purposes  are  so  numerous  that  it  would  be  impossible  to  describe  all 
of  their  modifications.  Only  the  general  purposes  and  operating  char- 
acteristics of  the  more  typical  mechanisms  are  here  discussed. 

Compressor  Motor  Controls.  Two  types  of  controls  are  used  for  Intermittently 
starting  and  stopping  compressors.  The  first  of  these  is  a  pressure  motor  control 
responsive  to  the  evaporator  pressure,  and  the  second  a  thermostatic  motor  control 
responsive  to  the  temperature  of  the  load  surrounding  the  evaporators.  In  the  first 
case  the  compressor  operation  is  indirectly  dependent  upon  the  temperature  of  the 
load,  and  is  controlled  by  the  refrigerant  pressure  at  the  point  of  Control  location. 
The  second  type  is  dependent  upon  the  temperature  of  the  load  being  cooled. 

With  the  pressure  actuated  device,  the  control  is  frequently  located  directly  on 
the  condensing  unit,  and  the  low  pressure  in  the  suction  line  or  the  crankcase  of  the 
compressor  is  used  to  control  motor  operation.  Such  a  control  usually  consists  of  a 
low  pressure  bellows,  connected  through  tubing  directly  to  the  low  pressure  control 
source,  and  an  electrical  switch  operated  through  linkage  by  the  movement  of  the 
bellows.  The  electrical  circuit  is  closed  on  rising  pressure,  and  opened  on  falling 
pressure.  The  thermostatic  type  of  motor  control  is  usually  similar  in  construction 
to  the  pressure  control,  with  the  exception  that  a  temperature  bulb  and  capillary  tube 
replace  the  pressure  line,  and  the  temperature  bulb  is  located  adjacent  to  the  evapora- 
tor itself.  In  this  case  motor  control  is  directly  responsive  to  changes  in  the  tempera- 
ture of  the  load  surrounding  the  evaporator.  Frequently,  a  high  pressure  safety 
cutout  switch  is  combined  with  the  motor  control,  and  operates  to  cut  off  the  power 
from  the  motor  in  case  the  high  side  pressure  exceeds  a  predetermined  limit. 

Solenoid  Valves.  Solenoid  or  magnetic  stop  valves  are  frequently  used  in  refrig- 
eration systems  for  control  of  gas  and  liquid  flow.  When  applied  as  liquid  stop 
valves,  they  are  placed  in  the  liquid  line  between  the  condenser  or  receiver  and  the 
evaporator,  and  the  line  is  open  to  passage  of  the  refrigerant  only  when  the  com- 
pressor is  in  operation.  When  the  compressor  is  not  in  operation,  leakage  of  liquid 
refrigerant  in  the  evaporator  is  prevented.  In  some  cases  such  a  magnetic  stop  valve 
is  operated  directly  by  a  thermostat  located  at  the  point  of  the  load,  and  the  com- 
pressor motor  operation  is  controlled  independently  by  a  low  pressure  switch.  Mag- 
netic liquid  stop  valves  are  also  widely  used  for  the  control  of  the  refrigerant  flow  to 
individual  evaporators  in  a  multiple  evaporator  system  operated  by  one  compressor. 
In  some  installations  magnetic  liquid  line  and  suction  line  valves  are  used  to  isolate 
completely  an  evaporator  for  defrosting  purposes.  A  magnetic  valve  may  be  in- 
stalled in  a  by-pass  around  one  or  more  cylinders  of  a  multiple  cylinder  compressor, 
and  thereby  be  used  to  unload  a  compressor  during  starting  to  reduce  load.  Addi- 
tional applications  are  found  in  control  of  the  circulation  of  brine  in  a  secondary 
refrigeration  system. 

Suction  Pressure  Valves.  Suction  pressure  control  valves,  frequently  called  back 
pressure  regulators  or  two-temperature  valves,  are  sometimes  placed  in  the  suction 
line  to  prevent  the  evaporator  pressure  and  temperature  from  dropping  below  a  pre- 
determined level.  Typical  applications  of  such  controls  occur  in  water  cooling  or 
milk  cooling  systems,  where  freezing  and  other  damage  would  result  if  the  evaporator 
pressure  dropped  too  low,  or  in  multiple  systems  where  several  evaporators  are  sup- 
plied by  one  condensing  unit.  Thus,  different  evaporators  may  be  kept  at  different 
temperatures  by  maintaining  a  pressure  drop  between  the  evaporator  and  the  suction 
line. 

Condensing  Water  Control.  The  majority  of  the  refrigeration  systems,  other  than 
fractional  horsepower,  use  water  cooled  rather  than  air  cooled  condensers,  since  the 
lower  condensing  temperatures  result  in  more  economical  operation.  Automatic  con- 
trol of  the  water  flow  to  the  condenser  must  be  maintained  if  water  wastage  is  to  be 
eliminated.  Such  control  may  be  provided  through  the  use  of  either  an  electric 
solenoid  water  valve  or  by  means  of  a  pressure  control  valve.  With  a  solenoid  valve, 
the  flow  is  two-position,  either  off  or  on,  and  its  operation  is  simultaneous  with  start- 
ing and  stopping  of  the  compressor  motor.  With  a  pressure  operated  valve,  the  flow 
is  modulated  and  is  dependent  entirely  upon  condenser  pressure  rather  than  condens- 
ing unit  operation.  Similar  water  valves  controlled  thermostatically  by  the  tempera- 
ture of  the  water  discharged  from  the  condenser  are  also  available. 

Safety  Controls.  Many  controls  are  designed  not  to  aid  in  proper  operation  of  the 
system^but  to  prevent  damage  in  case  of  improper  operation.  One  such  safety  control 
is  the  high-pressure  cut-off  frequently  combined  with  the  low-pressure  motor  control 
as  previously  described.  Another  safety  control  often  used  is  a  low  voltage  cut-off 
which  shuts  down  the  system  automatically  in  case  the  line  voltage  drops  below  a 
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minimum  value.    High  pressure  relief  valves  are  used  for  safety  purposes  to  prevent 
damage  in  case  excessive  condensing  pressures  are  encountered. 

Refrigeration  Control  for  Air  Conditioning  Equipment 

When  refrigerating  equipment  is  used  for  space  cooling,  two  major 
control  problems  exist:  one  is  control  of  the  temperature  and  the  other, 
control  of  the  humidity.  In  some  applications  the  amount  of  latent  heat 
to  be  removed  is  small  compared  with  the  sensible  heat.  In  such  cases, 
sufficient  dehumidification  will  usually  occur  without  any  special  provisions. 
In  other  cases,  such  as  theaters,  where  the  latent  load  is  relatively  high,  the 
air  must  be  cooled  below  its  dew-point  temperature,  and  sometimes  re- 
warmed  to  return  it  to  the  comfort  range.  Chapter  38,  Automatic  Control, 

TABLE  4.    FnEON-12  LIQUID  LINES,  TONS  CAPACITY  PER  100  FT  EQUIVALENT  LENGTH 


LINE  SIZE,  INCHES 

PEESSUBB  DEOP  PEE  100  FT  EQTJIVALENT  LENGTH,  Fsi 

3 

5 

10 

20 

f  OD 

0.88 

1.14 

1.80 

2.58 

fOD 

2.89 

3.64 

5.56 

8.50 

UPS 

4.86 

6.81 

10.2 

15.8 

f  OB 

4,86 

6,81 

10.2 

15.8 

|  EPS 

9.73 

12.6 

18.5 

27.0 

|OD 

10.5 

14.1 

21.8 

33.0 

1    EPS 

21.4 

28.2 

41.3 

60.8 

HOD 

21.4 

28.2 

41.3 

60.8 

HIPS 

36.9 

48.1 

70.5 

101, 

If  OD 

36.9 

48.1 

70.5 

101. 

HIPS 

62.0 

80.2 

114. 

160. 

If  OD 

62.0 

80.2 

114. 

160. 

2    IPS 

124. 

161. 

231. 

328, 

2£IPS 

230. 

297. 

426. 

607. 

3    IPS 

364. 

469. 

676. 

972, 

3£  IPS 

539. 

704. 

1005. 

1430. 

4    IPS 

753. 

972. 

1385. 

1945. 

Note:  Tonnage  values  above  those  underlined  give  velocities  of  300  fpm  or  less. 

discusses,  among  other  topics,  control  systems  for  unit  coolers,  well  water 
and  ice  cooling  systems,  central  fan  systems,  and  all-year  air  conditioning 
systems. 

REFRIGERATION  PIPING 

The  pressure  drop  which  occurs  during  passage  of  the  refrigerant  through 
connecting  piping  is  similar  in  effect  to  that  which  occurs  through  suction 
and  discharge  valves  of  the  compressor.  Thus,  the  effect  of  the  pressure 
drop  in  the  suction  line  between  evaporator  and  compressor  requires  that  a 
lower  pressure  be  maintained  inside  the  compressor  during  suction  than 
is  maintained  in  the  evaporator.  The  pressure  drop  through  the  connect- 
ing piping  between  the  compressor  and  the  condenser  requires  that  a  higher 
pressure  be  maintained  inside  the  compressor  during  discharge  than  in  the 
condenser.  These  losses  result  in  a  greater  compression  ratio,  and  therefore 
greater  power  requirements,  as  well  as  a  lower  volumetric  efficiency  and 
higher  displacement  requirements.  Pressure  losses  in  the  liquid  line 
between  condenser  or  receiver  and  the  expansion  valve  may  result  in  some 
flashing  of  the  liquid  refrigerant,  unless  the  liquid  is  subcooled.  In  all 
cases,  frictional  losses  should  be  kept  to  a  minimum,  and  piping  should  be 
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TABLE  5.    MAXIMUM  TON'S  OF  COMPRESSOR  CAPACITY  FOB  FsEON-12  LINES 
(Only  for  temperatures  indicated) 


LINE  SIZE, 
INCHES 

SUCTION  LINES 
BASED  ON  105  F  CONDENSING  TEMPERATTTBE 

DISCHABQE  LINES 

Psi  Pressure  Drop  per  100  Ft 
Equivalent  Length  at  40  F  Saturation 

Condensing 
Temperature 

} 

I 

2 

3 

4 

5 

115  F 

fiOF 

j 

1  OD 

0.14 

0.20 

0.28 

0.35 

0.41 

0.45 

IPS 

0.17 

0.24 

0.34 

0.42 

0.49 

0.54 

] 

OD 

0.25 

0.35 

0.51 

0.62 

0.73 

0.81 

1.43 

1.15 

-EPS 

0.35 

0.45 

0.65 

0.79 

0.93 

1.03 

1.87 

1.50 

1 

-OD 

0.55 

0.76 

1.10 

1.34 

1.58 

1.75 

2.97 

2.38 

;IPS 

0.68 

0.94 

1.35 

1.65 

1.92 

2.12 

3.26 

2.62 

l] 

OD 

1.26 

1.80 

2.57 

3.17 

3.76 

4.15 

5.05 

4.05 

IPS 

1.43 

2.01 

2.89 

3.54 

4.17 

4.60 

5.29 

4.25 

11 

-OD 

2.21 

3.12 

4.45 

5.50 

6.38 

7.05 

7.72 

6.19 

li 

-  IPS 

2.70 

3.82 

5.37 

6.72 

7.68 

8.48 

9.16 

7.35 

l] 

OD 

3.40 

4.78 

6.79 

8.42 

9.77 

10.8 

10.92 

8.75 

H 

-IPS 

4.05 

5.75 

8.10 

10.12 

11.6 

12.8 

12.5 

10.0 

2|OD 

6.12 

8.60 

12.1 

15.1 

17.4 

19.2 

19.2 

15.3 

2 

IPS 

7.66 

10.9 

15.3 

19.2 

32.2 

24.5 

20.6 

16.5 

2f  OD 

12.0 

17.1 

24.0 

30.1 

34.6 

38.2 

32.2 

25.9 

2! 

'IPS 

12.0 

17.1 

24.0 

30.1 

34.6 

38.2 

32.2 

25.9 

3f  OD 

19.1 

27.2 

38.2 

47.8 

55.0 

60.7 

51.5 

39.8 

3 

IPS 

20.9 

29.4 

42.3 

51.8 

60.0 

66.2 

54.5 

43.8 

3|  OD 

27.8 

39.7 

55.7 

69.8 

80.3 

88.7 

72.0 

57.6 

31 

>IPS 

30.2 

43.2 

61.0 

76.1 

87.0" 

96.0 

78.8 

63.3 

4JOD 

38.6 

55.2 

78.0 

97.3 

111 

123 

95.8 

77.1 

4 

IPS 

40.7 

58.6 

83.0 

103 

118 

130 

101.6 

81.6 

5 

IPS 

71.3 

100 

141 

176 

203 

224 

171.5 

137.8 

6 

IPS 

126 

183 

257 

322 

366 

403 

266 

214 

8 

IPS 

211 

297 

422 

523 

602 

664 

461 

370 

10 

IPS 

352 

503 

712 

887 

1024 

1130 

725 

582 

12 

IPS 

550 

780 

1106 

1373 

1582 

1748 

1041 

836 

selected  which  will  give  the  smallest  loss  consistent  with  overall  economy 

in  the  system. 

Refrigerant  liquid  lines  from  the  receiver  to  the  expansion  valve  should 
be  preferably  designed  with  a  pressure  drop  of  less  than  5  psi,  and  with  10 
psi  as  the  maximum.  A  velocity  of  100  to  250  fpm  is  recommended  to 
prevent  a  pressure  drop  great  enough  to  cause  vaporization  of  the  refriger- 
ant ahead  of  the  expansion  valve.  If  the  evaporator  is  to  be  located  at  a 
higher  elevation  than  the  condenser  or  receiver,  account  should  be  taken 
of  the  pressure  drop  for  each  foot  of  static  liquid  lift.  Approximate  values 
are  0.26  psi  per  foot  for  ammonia,  0.57  psi  per  foot  for  Freon-12,  0.51  psi 

TABLE  6.    APPBOXIMATE  SUCTION-LINE  CAPACITY  FACTOBS  FOB  EQUAL  PBESSUBE 

OF  FBEON-12 


SATTTBATED  Strcnoisr 
TEMPEBATTTBE,  F. 

50 

40 

30 

20 

10 

0 

-10 

-20 

Factor  

1.09 

1.00 

0.92 

0.86 

0.80 

0.74 

0.66 

0.56 
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per  foot  for  Freon-22,  and  0.64  psi  per  foot  for  Freon-11.  Where  there  is  a 
possibility  of  vaporization  of  some  of  the  liquid  before  reaching  the  ex- 
pansion valves,  means  for  subcooling  should  be  provided. 

Since  a  reduction  of  suction  pressure  at  the  compressor  results  in  an 
appreciable  reduction  in  capacity  and  more  power  input  per  ton  of  refrigera- 
tion, great  care  should  be  given  to  the  proper  sizing  of  suction  lines  between 
the  evaporator  and  the  compressor.  Although  comparatively  high  veloci- 
ties, 500  to  5000  fpm,  may  be  used,  the  optimum  value  will  depend  upon 
the  refrigerant  and  the  operating  pressure  range.  Since  return  of  the  oil 
to  the  compressor  must  be  considered  in  the  case  of  Freon  and  methyl 
chloride,  for  these  refrigerants,  the  minimum  velocity  should  be  500  fpm 
for  horizontal  runs  and  1000  fpm  for  vertical  runs.  For  the  Freons,  the 
usual  design  velocities  range  between  1000  and  2000  fpm.  Too  high 
velocities  create  noise  problems  and  excessive  pressure  drops.  The  total 
pressure  drop  in  the  suction  line  should  be  between  one  and  two  psi,  if  the 
velocity  can  be  kept  to  within  the  specified  limits. 

Compressor  discharge  or  hot  gas  lines  may  be  designed  with  velocities 
from  1000  to  5000  fpm,  except  for  dense  gases  such  as  carbon  dioxide,  where 
noise  considerations  will  reduce  the  upper  limit.  A  pressure  drop  of  2  to  4 
psi  is  recommended  for  the  discharge  lines.  Extensive  tables  are  available 
in  the  literature  for  the  determination  of  pressure  drops  through  refrigerant 
lines  with  various  refrigerants.  The  capacities  listed  in  Tables  4,  5  and  6 
are  published  in  ACRMA  Equipment  Standards-1946,  of  the  Air  Con- 
ditioning and  Refrigerating  Machinery  Association,  and  are  used  by  permis- 
sion. Table  4  shows  the  tonnage  capacity  normally  allowed  for  Freon-12 
liquid  lines  per  foot  equivalent  length  of  pipe,  and  Table  5  the  maximum 
tonnage  for  suction  and  discharge  Freon-12  linles.  Table  6  presents  suc- 
tion-line capacity  factors  for  equal  pressure  drop. 

ACCESSORIES 

Dehydrators,  oil  separators,  strainers,  vibration  eliminators,  sight  glasses, 
and  various  types  of  valves  are  accessories  frequently  needed  for  the  proper 
installation  and  operation  of  refrigeration  systems.  Refrigerant-line  de- 
hydrators  or  dryers  usually  consist  of  copper  containers  fitted  with  tubing 
connections  at  either  end,  and  contain  a  desiccant  such  as  silica  gel,  acti- 
vated alumina,  or  calcium  chloride.  The  liquid  refrigerant  is  circulated 
through  the  dryer  during  operation  of  the  system,  and  the  moisture  content 
of  the  refrigerant  charge  is  thus  kept  to  a  minimum. 

Oil  separators  are  installed  between  the  compressor  and  condenser  to 
prevent  excessive  oil  removal  from  the  compressor  crankcase  and  its  passage 
into  the  condenser  and  evaporator.  The  oil  is  separated  from  the  gaseous 
refrigerant  by  gravity  during  its  passage  through  a  chamber  of  sufficient 
size  to  reduce  the  velocity.  A  float-operated  valve  maintains  a  maximum 
oil  level  in  the  separator,  and  additional  oil  is  forced  by  pressure  difference 
through  a  line  back  to  the  crankcase. 

Screen  strainers  are  frequently  installed  in  the  liquid  line  piping  before 
solenoid  valves  and  expansion  valves,  as  well  as  before  regulating  valves 
in  water  lines  leading  to  water  cooled  condensers.  Sight  glasses  which 
permit  visual  inspection  of  the  condition  of  the  refrigerant  are  sometimes 
installed  on  factory  assembled  commercial  unit  systems.  It  is  particularly 
advisable  to  place  such  a  fitting  before  the  expansion  valve,  if  the  evaporator 
is  located  above  the  condenser. 
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Flexible  vibration  eliminators,  usually  consisting  of  a  bellows  design 
covered  with,  woven  copper  wire,  are  sometimes  installed  in  copper  lines 
where  unite  such  as  compressors  are  installed  on  flexible  mountings,  or 
where  vibration  is  otherwise  a  problem.  Packed  or  packless  shut-off  valves 
are  necessary  where  it  may  be  required  to  isolate  portions  of  a  system. 

EQUIPMENT  CHARACTERISTICS  SELECTION 

The  various  types  of  compression  systems  have  quite  different  charac- 
teristics of  capacity  and  power  with  varying  evaporator  and  condenser 
temperatures,  as  may  be  noted  from  curves  in  Figs.  12  and  13. 


30  35  40  45  50  55 

EVAPORATOR  TEMPERATURE,  DEG  FAHR 

FIG.  12.  PERFORMANCE  CHARACTERISTICS  OF  COMPRESSION  REFRIGERATION 
MACHINES  AT  CONSTANT  SPEED 

From  Fig.  12  it  may  be  observed  that  power  requirements  for  the  centrif- 
ugal compressor  increase  much  more  rapidly  than  for  the  reciprocating 
compressor,  with  increase  in  evaporator  temperature.  Similarly,  the 
capacities  of  the  steam  ejector  and  centrifugal  compressors  increase  more 
rapidly  than  those  of  the  reciprocating  compressor  with  increase  in  evapo- 
rator temperature.  Thus,  both  the  steam  jet  and  centrifugal  machines 
tend  to  be  more  self -regulating  than  the  reciprocating.  It  is  also  evident 
from  Fig.  12  that  the  steam  jet  equipment  is  best  suited  for  operation  at 
high  evaporator  temperatures. 

The  effect  of  condenser  temperature  upon  the  power  and  capacity  of 
the  different  types  of  compressors  is  shown  in  Fig.  13.  It  may  be  noted 
that  the  power  required  by  the  reciprocating  compressor  increases  rapidly 
with  increase  in  condenser  temperature,  while  the  power  curve  for  the 
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centrifugal  compressor  is  relatively  flat.  It  is  also  evident  that  the  ca- 
pacity of  the  steam  jet  compressor  is  independent  of  condenser  temperature 
until  a  certain  point  is  reached,  where  it  drops  to  zero.  As  previously 
stated,  steam  jet  equipment  requires  more  condensing  water  than  other 
types  of  compression  systems.  Consequently,  steam  jet  systems  are  well 
suited  to  those  applications  where  condensing  water  is  cheap,  or  where 
condensing  water  is  rather  high  in  temperature. 

The  selection  of  proper  refrigeration  equipment  for  any  air  conditioning 
job  is  of  utmost  importance  for  satisfactory  results.  The  most  important 
factors  in  the  selection  of  the  equipment  are: 

1.  Loads  (as  determined  by  the  conditions  of  the  space  to  be  cooled). 

2.  Economics  (both  initial  and  operating  costs). 

3.  Codes  (local  safety  codes  must  be  adhered  to  and  influence  the  type  of  system 
to  be  used) . 
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CONDENSER  TEMPERATURE,  DEG  FAHR 
FIG.  13.  PERFORMANCE  CHARACTERISTICS  OF  COMPRESSION 
REFRIGERATION  MACHINES  AT  CONSTANT  SPEED 

A  broad  division  of  equipment  to  be  used  for  a  particular  installation  or 
application  may  be  made  on  the  basis  of  the  magnitude  of  the  load.  Cur- 
rent general  practice  is  outlined  in  Table  7. 

Unit  or  packaged  systems,  consisting  of  a  reciprocating  compressor, 
condenser,  evaporator,  and  fans,  are  generally  used  in  the  smaller  sized 
jobs  where  electric  power  is  available,  as  they  are  manufactured  complete, 
ready  to  install,  and  are  the  most  economical  (see  Chapter  25). 

The  reciprocating  compressor  in  the  built-up  central  system  (see 
Chapter  29)  covers  the  widest  range  of  application  since  it  is  applicable  to 
either  the  direct  expansion  or  indirect  systems,  and  can  be  driven  by  steam 
or  gas  engines,  or  by  electric  motors.  The  quantity  of  condensing  cooling 
medium  required  is  also  less  than  for  any  other  system,  with  the  exception 
of  the  centrifugal  compressor,  which  uses  the  same  amount. 


792 


36 


1950  Guide 


TABLE  7.    BASIS  OF  EQUIPMENT  SELECTION 


CAPACITY 
TONS 

MAJORITY  USED 

SOME  USED 

FEW  USED 

0  to  5 

Unit  systems  in  con- 
ditioned space. 

Unit  central  systems 
using  duct  distri- 
bution. 

Built  up  central  sys- 
tems. 

5  to  25 

Built  up  central  sys- 
tems using  recipro- 
cating compres- 
sors. 

Unit  central  systems 
using  duct  distri- 
bution. 

Unit  systems  in  con- 
ditioned space. 

Built  up  systems  us- 
ing absorption  and 
adsorption  sys- 
tems. 

25  to  50 

Built  up  central  sys- 
tems using  recipro- 
cating compres- 
sors. 

Built  up  central  sys- 
tems using  centrif- 
ugal compressors. 

Central  systems  us- 
ing adsorption  sys- 
tems. 

50  to  400 

Built  up  central  sys- 
tems using  recipro- 
cating compres- 
sors. 

Built  up  central  sys- 
tems using  steam 
jet  and  centrifugal 
compressors. 

400  and  Over 

Built  up  central  sys* 
terns  using  centrif- 
ugal compressors. 

Built  up  central  sys- 
tems using  steam 
jet. 

Centrifugal  compressors  are  used  for  large  installations,  and  usually 
where  the  indirect  system  is  required.  The  driving  mechanism  can  be  a 
steam  turbine  or  electric  motor.  The  steam  jet  system  is  used  where 
steam  is  available  and  cooling  water  can  be  had  in  large  quantities. 

It  will  be  noted  by  referring  to  Fig.  12  that  all  systems  using  compressors 
have  a  common  characteristic,  namely,  that  the  capacity  varies  with 
the  evaporating  temperature.  Not  only  can  the  equipment  be  selected  to 
produce  a  given  result,  but  the  performance  can  be  predicted  under  vary- 
ing load  conditions  by  the  simple  expedient  of  using  the  variable  of  evaporat- 
ing temperature  as  the  abscissa,  and  the  load  or  capacity  as  the  ordinate  in 
a  series  of  curves. 

Manufacturers  of  compressors  and  cooling  coils  furnish  performance 
data  for  apparatus  that  can  be  plotted  in  the  form  of  curves  similar  to 
those  shown  in  Fig.  14.  The  performance  of  a  compressor  is  plotted  as  a 
series  of  curves,  each  curve  being  drawn  for  a  given  condensing  pressure. 

TABLE  8.    TYPICAL  OPERATING  CONDITIONS  FOB  Two  TYPES  or  LOAD 


TTPBO» 
ENCLOSURE 

LOAD,  BTTT  PER  HOUR 

RATIO 

SEN- 
SIBLE 

TO 

TOTAL 

AIR  ENTERING* 
Con* 

OPERATING  BALANCE  POIKT 

Sensible 

Latent 

Total 

F 
Deff 

Per 
Cent 
B.H. 

Evapo- 
rator 
Temp 
FDeg 

Con- 
denser 
Pressure 
Lb  per 
Sqfn. 

Per  Cent 
Sensible 
Heat 

Restaurant  

103,000 

45,000 

148,000 

0.695 

82 

45 

34.4 

123 

69.9 

Office...  

121,000 

27,000 

148,000 

0.820 

82 

45 

42.2 

100 

82.1 

Refrigeration 
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The  performance  of  a  direct  expansion  coil  at  two  different  air  velocities 
is  plotted  on  the  same  graph.  The  operating  point  will  be,  of  course, 
where  the  two  curves  cross. 

Data  given  in  Table  8  illustrate  two  types  of  conditioned  enclosures 
having  the  same  total  load  of  148,000  Btu  per  hour,  but  with  two  different 
ratios  of  sensible  to  total  heat.  In  the  case  of  the  office  with  a  ratio  of 
82  per  cent  sensible  to  total  heat,  the  operating  point  A  in  Fig.  14  is  found 
to  be  42.2  F  evaporating  temperature,  with  a  face  velocity  of  500  fpm.  In 
the  case  of  the  restaurant,  with  a  ratio  of  69.5  per  cent  sensible  to  total 
heat,  the  air  velocity  is  lowered  to  300  fpm,  and  the  evaporating  tempera- 
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Direct  expansion  coil-300  f  p  m  velocity- 82  F-45%  R.  H.ent  air 
/  I          I          I          I          I 


Direct  expansion  coil- 500  f  p  m  velocity 
82F-45%  R.  H.ent. air 


34  38  42  46 

REFRIGERANT  EVAPORATING  TEMPERATURE,  DEC  FAHR 
FIG,  14.  COMPRESSOR  AND  COIL  PERFORMANCE 

ture  is  lowered  to  34.4  F  as  shown  in  point  B  of  Fig.  14.  In  order  to  obtain 
the  same  capacity,  a  larger  condensing  unit  is  used.  This  illustration 
assumes  zero  pressure  drop  through  the  suction  line.  The  pressure  drop 
can  be  taken  into  account  by  shifting  the  compressor  performance  curves  by 
the  amount  of  pressure  drop  expressed  in  Fahrenheit  degrees. 

ABBREVIATIONS  AND  SYMBOLS  IN  CHAPTER 

(CP)  *  coefficient  of  performance,  ratio  of  refrigerating  effect  to  the  heat  equivalent 

of  the  compressor  work. 
(CVE)  »  clearance  volumetric  efficiency. 

d  =  internal  diameter  in  inches. 
jfiTt  **  cooling  load  in  tons. 

hd  =*  enthalpy  of  vapor  at  condition  of  discharge  from  compressor. 
Afa  *  enthalpy  of  liquid  at  discharge  from  compressor. 
fcfd  «  enthalpy  of  liquid  at  discharge  of  expansion  valve. 
hta  «  enthalpy  of  liquid  at  entrance  to  expansion  valve. 

hm  «  enthalpy  of  mixture. 

hr  —  enthalpy  of  saturated  vapor. 

hvd  =*=  enthalpy  of  saturated  vapor  at  discharge  of  valve  or  compressor. 
hva  «=  enthalpy  of  saturated  vapor  at  state  s  entering  compressor, 
hp  »  horsepower. 

pd  «•  pressure  of  saturated  liquid  and  vapor  at  discharge  of  compressor. 
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j)s  »  pressure  of  saturated  liquid, 
psig  =  pressure  pounds  per  square  inch,  gage, 
psia  «  pressure  pounds  per  square  inch,  absolute. 
Q  -  quantity  of  heat,  Btu. 

Qo  =  heat  loss  from  condenser,  Btu  per  pound  refrigerant. 
Qj  K  heat  dissipated  in  cooling  water,  Btu  per  hour. 
«  «  entropy. 

As  =  entropy  change  between  suction  and  discharge. 
T  «  absolute  temperature,  Fahrenheit  degrees. 
T&v&  -  average  temperature,  Fahrenheit  degrees,  absolute,  of  gas  passing  through 

compressor. 

TQ  «  condenser  temperature,  Fahrenheit  degrees,  absolute, 
Tn  =  evaporator  temperature,  Fahrenheit  degrees,  absolute. 
(TVE)  =  total  volumetric  efficiency. 

fa  =  degrees  superheat  at  discharge  condition  of  vapor  leaving  compressor, 
fe  =  discharge  temperature,  Fahrenheit  degrees. 

V0  =  clearance,  percentage  of  volume,  swept  by  piston,  which  is  contained  in 
spaces  at  end  of  cylinder  when  piston  is  at  end  of  stroke  (clearance  includes 
valve  spaces,  etc.). 

t>8  =  specific  volume  of  gas  at  suction,  cubic  feet  per  pound. 
v&  =  specific  volume  of  gas  at  discharge,  cubic  feet  per  pound. 
PFr  =  refrigerant  rate,  pounds  per  minute, 
x  =  proportion  of  liquid  in  mixture  of  vapor  and  liquid. 
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CHAPTER  37 

DEHUMIDIFICATION  BY  SORBENT  MATERIALS 

Definitions  and  Principles,  Adsorbents,  Dehumidification  by  Solid  Adsorbents, 

Dehumidification  Equipment  Using  Solid  Adsorbents,  Absorbents, 

Dehumidification  by  Liquid  Absorbents,  Dehumidification 

Equipment  Using  Liquid  Absorbents,  Calculation 

of  Moisture  Load,  Vapor  Transfer  to 

Dehumidified  Space 


DEHUMIDIFICATION  as  used  herein  is  the  reduction  of  the  water 
vapor  content  of  a  given  volume  of  air  or  other  gas.  The  term  thus 
describes  a  special  case  of  dehydration  which  covers  the  removal  of  moisture 
in  any  form  from  matter.  The  degree  of  dehumidification  required  varies 
greatly  with  different  applications,  and  is  one  of  the  prime  considerations  influ- 
encing the  choice  of  a  method.  Dehumidification  may  be  accomplished  by 
latent  heat  removal,  together  with  sensible  heat  removal,  as  described  in 
Chapters  29, 34,  and  35,  or  by  the  use  of  sorbents. 

Sorbents  are  substances  which  have  the  property  of  extracting  and  hold- 
ing other  substances  (usually  gases  or  vapors,  e.g.,  water  vapor),  brought 
into  contact  with  them.  All  materials  are  sorbents  to  a  greater  or  lesser 
degree.  The  weight  of  water  held  by  a  substance  will  increase  or  decrease, 
depending  upon  whether  the  vapor  pressure  of  the  water  held  by  the  sub- 
stance is  less  or  greater,  respectively,  than  the  partial  pressure  of  water  vapor 
in  the  surrounding  atmosphere.  As  generally  used,  however,  the  term 
sorbents  refers  to  those  materials  having  a  capacity  for  moisture  which  is 
large  compared  to  their  volume  and  weight.  Such  materials  are  divided 
into  two  general  classifications : 

1.  Adsorbent— A  sorbent  which^does  not  change  physically  or  chemically  during 
the  sorption  process.    Certain  solid  materials,  such  as  activated  alumina,  silica  gel, 
activated  bauxites ,  and  activated  charcoal  have  this  property.    The  action  of  adsorb- 
ents, most  of  which  adsorb  some  gases  and  condensible  vapors  besides  water  vapor, 
is  selective.    Thus,  in  the  case  of  a  mixture  containing  both  water  and  organic  vapors, 
silica  gel  would  remove  the  water  vapor  in  preference  to  the  organic  vapors,  while  the 
reverse  would  be  true  in  the  case  of  activated  carbon.    The  selective  property  of 
adsorbents  is  made  use  of  in  some  instances  for  the  removal  of  objectionable  and  con- 
taminating vapors  from  an  air  or  gas  mixture.    (See  Chapter  8.) 

2.  Absorbent— A  sorbent  which  changes  either  physically,  chemically,  or  both, 
during  the  sorption  process.    Calcium  chloride  is  an  example  of  a  solid  absorbent, 
while  liquid  absorbents  include  solutions  of  lithium  chloride,  calcium  chloride,  lith- 
ium bromide,  and  the  ethylene  glycols. 

ADSORBENTS 

The  ability  of  an  adsorbent  to  remove  water  vapor  from  a  gas  is  explained 
by  the  fact  that  the  vapor  pressure  of  the  water  in  the  adsorbent  (when  in 
the  reactivated  condition)  is  less  than  the  partial  pressure  of  the  water 
vapor  in  the  surrounding  atmosphere.  For  instance,  when^  an  active  ad- 
sorbent is  brought  into  contact  with  a  gas  of  high  humidity,  there  is  a 
tendency  for  the  vapor  pressure  of  the  water  in  the  adsorbent  to  reach  equi- 
librium with  the  partial  pressure  of  the  water  in  the  surrounding  gas,  with 
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the  result  that  water  is  extracted  by  the  adsorbent  and  its  weight  increased, 
while  the  moisture  content  of  the  gas  is  correspondingly  reduced.  (The 
adsorbent  is  said  to  be  saturated  for  a  given  condition  when  equilibrium  is 
attained.)  The  weight  of  water  a  given  adsorbent  will  extract  is  dependent 
upon  the  relative  humidity  (ratio  of  the  partial  pressure  in  the  gas  to  the 
saturation  pressure  at  a  given  temperature)  and  the  temperature  of  the 
adsorbent.  The  process  is  reversible;  if  the  temperature  of  the  adsorbent 
is  raised  until  the  vapor  pressure  of  the  adsorbed  \vater  becomes  greater 
than  the  partial  pressure  of  the  vapor  in  the  surrounding  atmosphere,  water 
will  be  released  by  the  adsorbent.  After  the  adsorbent  cools  to  room  tem- 
perature, for  instance,  the  vapor  pressure  of  the  water  in  the  adsorbent  falls 
below  the  partial  pressure  of  the  vapor  in  the  atmosphere,  and  the  adsorbent 
will  again  start  extracting  water.  The  elimination  of  water  by  the  addition 
of  heat  is  known  as  reactivation,  and  is  a  means  of  regenerating  the  adsorbent 
so  that  it  may  be  used  repeatedly. 

Adsorption  is  proportional  to  the  amount  of  surface  (internal  and  exter- 
nal) of  the  sorbent.  The  materials  that  are  used  commercially  as  solid 
adsorbents  have  a  porous  structure  of  sub-microscopic  dimensions,  which 
gives  them  extensive  surface  area.  An  adsorbent  should  meet  the  following 
requirements  in  order  to  be  satisfactory  for  dehumidification  purposes  : 

1.  Have  a  high  adsorptive  capacity  under  normal  atmospheric  conditions. 

2.  Be  chemically  stable,  resisting  contamination  from  impurities. 

3.  Be  physically  rugged  to  resist  breakdown  from  handling  and  use. 

4.  Be  capable  of  reactivation  at  temperatures  generally  obtainable. 

5.  Be  heat-stable  at  reactivation  temperatures. 

6.  Have  a  weight  per  unit  volume  such  as  to  avoid  excessive  bulk. 

7.  Be  available  at  reasonable  cost. 

Activated  Alumina 

Activated  alumina  is  a  granular  porous  material  which  removes  by  ad- 
sorption substantially  100  per  cent  of  the  moisture  from  gases,  vapors,  and 
certain  liquids.  Regeneration  or  reactivation  may  be  accomplished  by 
employing  a  heating  medium  at  temperatures  ranging  from  350  to  600  F. 
After  many  cycles  of  adsorption  and  reactivation  it  is  substantially  as  effec- 
tive as  originally,  and  retains  its  original  size  and  shape. 

Activated  alumina  is  produced  by  chemically  controlled  precipitation 
from  a  sodium  aluminate  solution  resulting  from  the  extraction  of  alumina 
from  bauxite  by  the  Bayer  process.  By  subsequent  processes  this  precipi- 
tate is  converted  into  a  highly  porous  adsorptive  material.  It  is  low  in 
iron  and  silica,  each  normally  less  than  1/10  of  1  per  cent.  Commercially 
produced  material  is  uniform  in  analysis  and  physical  form. 

Activated  alumina  is  a  partially  dehydrated  aluminum  trihydrate  con- 
taining about  7  per  cent  water  and  small  amounts  of  soda,  oxides  of  iron, 
silicon,  and  titanium,  as  well  as  very  minor  amounts  of  other  elements  indi- 
cated spectrographically.  Substantially  all  of  the  soda  is  combined  with 
silica  and  alumina  as  an  insoluble  constituent. 

Activated  alumina  is  inert  chemically  to  most  gases  and  vapors,  is  non- 
toxic,  and  will  not  soften,  swell  or  disintegrate  when  immersed  in  water. 
High  resistance  to  shock  and  abrasion  are  two  of  its  more  important  physical 
characteristics.  Commercial  sizes  range  from  a  powder  passing  through 
300  mesh  screen  to  particles  1  in,  in  diameter.  The  sizes  commonly  used 
are  8-14  mesh  and  }  in.  to  8  mesh.  The  average  weight  for  most  forms  is 
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50  Ib  per  cubic  foot.    Its  high  degree  of  purity  warrants  classification 
among  commercially  pure  chemicals. 

Silica  Gel 

Silica  gel  is  a  prepared  form  of  silicon  dioxide  (silica)  having  an  extremely 
porous  structure  which  makes  it  an  efficient  adsorbent.  It  is  made  by  mix- 
ing predetermined  concentrations  of  an  acid,  such  as  sulfuric  acid,  and  a 
soluble  silicate,  usually  sodium  silicate,  and  allowing  the  mixture  to  set  to  a 
jelly-like  mass  called  hydrogel.  The  product  takes  its  name  from  its  con- 
dition as  a  colloid  at  this  stage  of  its  manufacture.  After  setting,  the 
hydrogel  is  broken  into  small  lumps,  washed,  dried,  crushed,  and  screened 
to  the  desired  particle  sizes  and  then  given  a  final  heat  treatment  or  activa- 
tion. The  surface  area  of  silica  gel  has  been  found  to  be  in  excess  of  50,000 
sq  ft  per  cubic  inch  of  product.  Silica  gel  has  high  adsorptive  capacity  per 
unit  weight,  and  may  be  reactivated  repeatedly  at  temperatures  up  to  600 
F.  Reactivation  is  generally  accomplished  by  blowing  gases  through  the 
silica  gel  at  approximately  300  F,  or  by  heating  in  a  well-vented  oven  main- 
tained at  this  temperature  until  no  more  moisture  is  given  off.  Silica  gel 
is  a  high  purity,  rugged,  non-toxic,  heat-stable  material,  having  a  specific 
heat  of  0.2,  and  is  most  inert.  There  is  no  change  in  the  size  or  shape  of  the 
particles  as  it  becomes  saturated,  and  no  corrosive  or  injurious  compounds 
are  given  off.  It  is  available  commercially  in  a  number  of  grades,  ranging 
in  particle  size  from  a  3  to  8  mesh  product  to  an  impalpable  powder  passing 
through  a  325  mesh  screen.  The  product  generally  used  for  dehumidifica- 
tion  applications  has  a  particle  size  of  6  to  12  mesh,  and  a  bulk  density  of 
between  40  and  45  Ib  per  cubic  foot. 

Activated  Bauxite 

Activated  bauxites  are  certain  natural  products  which,  after  controlled 
heat  treatment,  have  properties  which  make  them  suitable  for  use  as  solid 
adsorbents.  They  are  marketed  under  different  trade  names  by  several 
processors.  The  activated  bauxites  consist  primarily  of  Al^Os,  Fe^O^, 
SiO$j  TiOz,  and  H%0  in  varying  percentages.  The  surface  area,  adsorptive 
capacity,  and  other  properties  of  the  several  products  differ  to  some  extent, 
depending  upon  the  source  of  the  original  material  and  its  subsequent  treat- 
ment. The  available  activated  bauxites  are  durable  products  having  a 
specific  heat  of  about  0.24,  and  can  be  regenerated  at  temperatures  between 
300  F  and  500  F.  They  are  usually  supplied  in  a  number  of  particle  sizes, 
and  have  a  bulk  density  of  between  55  and  65  Ib  per  cubic  foot. 

There  are  other  solid  substances  having  marked  adsorbent  properties, 
but  details  concerning  them  are  not  available. 

DEHUMIDIFICATION  BY  SOLID  ADSORBENTS 

Since  adsorption  is  primarily  a  condensation  process  heat,  equivalent  to 
the  latent  heat  of  evaporation  of  the  vapor,  plus  the  heat  of  wetting,  which 
is  an  additional  amount  of  heat  depending  upon  the  vapor  being  adsorbed 
and  the  adsorbent  used,  is  liberated.  The  sum  of  the  latent  heat  of  evap- 
oration and  the  heat  of  wetting  is  known  as  the  heat  of  adsorption.  During 
adsorption  it  might  be  said  that  latent  heat  is  transformed  into  sensible 
heat,  which  is  dissipated  into  the  adsorbent,  into  the  metal  of  the  adsorbent 
container,  and  into  the  gas  mixture,  resulting  in  a  rise  in  temperature. 
Fig.  1  shows  the  relationship  between  temperature,  vapor  pressure,  and 
moisture  content  of  a  solid  adsorbent.  These  curves  indicate  the  general 
performance  of  solid  adsorbents,  although  the  exact  values  vary  for  the 
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different  adsorbents,  and  may  vary  even  for  different  types  of  the  same 
compound.  The  effects  of  vapor  pressure  and  temperature  upon  the  mois- 
ture content  of  an  adsorbent  may  be  observed  by  referring  to  Fig.  1 .  When 
the  given  type  of  solid  adsorbent  is  in  equilibrium  with  air  having  a  dry- 
bulb  temperature  of  70  F  and  70  per  cent  relative  humidity,  that  is,  having 
a  dew-point  of  60  F  or  a  water  vapor  pressure  of  13.2  mm  Hg,  the  water 
content  of  the  adsorbent  is  33  per  cent.  With  air  having  the  same  dry-bulb 
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temperature  and  a  dew-point  of  37  F,  or  a  vapor  pressure  of  5.6  mm  Hg,  the 
water  content  is  20  per  cent.  The  increase  in  weight  for  an  activated  solid 
adsorbent,  after  it  reaches  equilibrium  with  a  gas  of  any  given  water  vapor 
content,  may  be  found  by  subtracting  the  residual  water  content  (for  ex- 
ample 6  per  cent)  from  the  equilibrium  value.  In  the  case  of  the  two 
examples  cited,  the  actual  water  gain  would  be  27  per  cent  and  14  per  cent, 
respectively.  The  effect  of  temperature  upon  the  adsorptive  capacity  may 
be  observed  by  following  the  5.6  mm  Hg  vapor  pressure  line.  At  a  tem- 
perature of  70  F,  the  moisture  content  of  the  adsorbent  is  20  per  cent,  while 
at  100  F,  the  equilibrium  water  content  is  11  per  cent. 

In  practice,  the  temperature  rise  in  the  dehumidified  air  caused  by  the 
adsorption  heat,  is  approximately  10  deg  F  for  each  grain  of  moisture  re- 
moved per  cubic  foot  of  air  at  atmospheric  pressure.  This  temperature  rise 
occurs  progressively  through  the  adsorbent  bed,  and  is  an  important  con- 
sideration in  predetermining  the  performance  of  a  given  design  of  apparatus. 
Data  such  as  these,  together  with  information  covering  other  characteristics 
such  as  specific  heat,  resistance  to  air  flow,  etc.,  are  of  value  in  the  basic 
design  of  adsorption  apparatus.  In  the  solution  of  air  conditioning  prob- 
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lems,  however,  reference  must  be  made  to  performance  data  on  established 
apparatus  designs. 

BEHUMIDIFICATION  EQUIPMENT  USING  SOLID  ABSORBENTS 

A  typical  solid  adsorbent  dehumidification  unit  air  flow  diagram  is  shown 
in  Fig.  2.  The  apparatus  consists  of  two  adsorbent  containers  (adsorbers) 
with  necessary  interconnecting  piping,  valves,  and  auxiliaries  consisting  of 
filters,  fans,  activation  air  heater,  controls,  and,  in  some  instances,  a  cooler 
for  the  dehumidified  air.  Before  entering  the  adsorber,  the  air  to  be  de- 
humidified is  drawn  into  a  filter  to  remove  dust  and  other  impurities.  In 
passing  through  the  adsorbent  bed,  the  moisture  content  of  the  air  is 
reduced  and  the  dehumidified  air  is  then  introduced  into  the  space  or  process 
requiring  it.  While  the  first  adsorber  is  dehumidifying  the  air,  the  second 
adsorber  is  being  reactivated  by  means  of  outside  air  drawn  through  a  filter 
and  heater  in  which  its  temperature  is  raised  to  300  F.  The  heat  may  be 
supplied  by  electric  heating  elements,  steam  coils,  the  direct  products  of 
combustion  of  gas,  oil,  waste  heat,  or  any  other  convenient  source.  In 
passing  through  the  adsorbent  bed,  the  hot  gases  supply  the  necessary  heat 
for  releasing  adsorbed  water  from  the  adsorbent,  and  then  carty  it  out  of 
the  adsorber  to  the  activation  gas  outlet,  where  it  is  exhausted  to  the  out- 
side atmosphere.  In  some  instances  a  thermostat  placed  in  the  activation 
outlet  connection  shuts  off  the  activation  fan  and  heater  when  the  adsorbent 
is  completely  reactivated,  as  indicated  by  a  rapid  rise  in  the  temperature  of 
the  outlet  activation  gas.  The  length  of  the  adsorption  period  may  be  con- 
trolled by  a  timing  device  which  changes  the  valves  or  dampers  from  the 
adsorbing  to  the  activating  position,  or  by  a  humidistat  located  in  the 
dehumidified  air  connection  or  in  the  dehumidified  space.  The  majority 
of  commercial  units  are  time  controlled. 

In  applications  where  a,  continuous  stream  of  dehumidified  air  is  not 
required,  a  single  adsorber  type  unit  may  be  used,  while  in  other  cases 
where  a  continuous  stream  of  dehumidified  air  is  required,  a  multiple  num- 
ber of  adsorbers,  or  even  a  continuously  rotating  system,  may  be  used. 

If  the  air  to  be  dehumidified  is  very  warm,  and  especially  where  exceed- 
ingly low  dew-point  dehumidified  air  is  required,  it  is  advantageous  to 
install  a  pre-cooler  to  reduce  the  temperature  of  the  inlet  air.  In  this  way 
the  working  temperature  in  the  adsorber  is  lowered,  and  the  overall  per- 
formance appreciably  increased.  Some  equipment  manufacturers  install 
cooling  coils  in  the  adsorbent  beds  for  the  same  purpose,  while  others  divide 
the  adsorbent  bed  and  install  coolers  between  the  sections. 

Dehumidification  equipment  is  employed  to  the  best  advantage  where 
the  air  conditioning  problem  is  primarily  one  of  obtaining  low  relative 
humidity  control  rather  than  temperature  control.  This  requirement  is 
found  in  the  case  of  the  preservation  of  inactive  naval  vessels  where  the 
interior  of  the  ship  must  be  kept  at  a  relative  humidity  below  30  per  cent 
to  avoid  corrosion,  mold,  mildew,  and  other  moisture  damage  that  occurs 
at  humidities  substantially  in  excess  of  this  figure.  ^  Other  advantageous 
applications  for  dehumidification  systems  are  found  in  industrial  processes 
where  low  relative  humidity  atmospheres  are  required  during  the  manu- 
facture, as  well  as  for  preservation  of  the  finished  products.  Dehumidifica- 
tion with  cooling  may  be  used  to  advantage  in  work-rooms  or  other  spaces 
occupied  by  humans,  where  the  moisture  load  is  high  in  comparison  to  the 
sensible  heat  load.  In  many  instances,  where  independent  control  of  tem- 
perature and  humidity  is  important,  dehumidification  is  used  to  advantage 
in  conjunction  with  cooling. 
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ABSORBENTS 

Any  absorbent  substance  may  be  used  as  a  dehumidifying  agent  if  it  has 
a  vapor  pressure  with  respect  to  water  lower  than  the  partial  pressure  of 
the  water  vapor  in  the  mixture  from  which  the  moisture  is  to  be  removed. 

Solid  Absorbents.  The  substances  used  are  generally  the  solid  forms  of  the  liquid 
absorbents.  At  present  they  are  used  principally  in  small  desiccating  chambers 
and  in  small  dryers  of  the  cartridge  type,  through  which  air  is  forced  under  pres- 
sure. Calcium  chloride  is  frequently  used  because  of  low  cost. 

Liquid  Absorbents,  These  are  primarily  water  solutions  of  materials  in  which  the 
vapor  pressure  is  reduced  to  a  suitable  level  by  controlling  the  concentration  and 
temperature  of  the  dehumidifying  solution.  Water  solutions  of  the  chlorides  or  bro- 
mides of  various  inorganic  elements  and  certain  organic  compounds,  are  the  liquid 
absorbents  used  in  air  conditioning. 

In  addition  to  having  suitable  water  vapor  pressure  characteristics,  an  absorbent, 
to  be  satisfactory^  should  also  meet  the  following  requirements: 

1.  Be  widely  available  at  low  cost. 

2.  Be  non-corrosive,  odorless,  non-toxic,  and  non-inflammable, 

3.  Be  chemically  inert  against  any  impurities  in  the  air  stream. 

4.  Be  stable  over  the  range  of  use. 

5.  Must  not  precipitate  at  the  lowest  temperature  to  which  the  apparatus  is 
exposed. 

6.  Have  low  viscosity,  and  be  capable  of  being  economically  regenerated  or  concen- 
trated after  having  been  diluted  by  the  moisture  absorbed. 

DEHUMIDIFICATION  BY  LIQTJID  ABSORBENTS 

la  liquid  absorption  systems  the  air-vapor  stream  is  brought  into  intimate 
contact  with  the  absorbent  solution  by  passing  the  air  stream  through  a 
tower  into  which  the  brine  is  introduced  as  a  finely  divided  spray,  or  by 
passing  the  air  through  a  tower  or  contactor  which  is  continuously  sprayed 
with  the  brine,  thereby  presenting  a  large  surface  of  absorbent  to  the  air  to 
be  dehumidified.  The  difference  in  the  partial  pressure  of  the  water  in  the 
concentrated  brine  and  the  partial  pressure  of  the  water  vapor  in  the  air, 
causes  the  water  vapor  to  be  given  up  by  the  -air  to  the  brine  until  equi- 
librium is  approached.  The  water  vapor  is  condensed  during  this  opera- 
tion, and  its  addition  to  the  absorbent  solution  results  in  a  decrease  in  the 
concentration  of  the  solution.  As  the  water  vapor  condenses,  the  latent 
heat  of  condensation  is  released  in  the  absorbent  solution.  An  additional, 
frequently  appreciable,  quantity  of  heat  known  as  the  heat  of  solution  or 
heat  of  mixing,  is  also  released.  The  heat  released  as  the  result  of  conden- 
sation and  mixing,  is  directly  transferred  to  the  brine,  to  the  equipment,  and 
to  the  air  being  dehumidified,  thereby  causing  a  rise  in  temperature. 

A  modified  system  includes  means  for  removing  heat  from  the  absorbent 
solution,  either  within  the  contactor  or  externally.  Thus  the  temperature 
of  the  solution  may  be  higher  than,  equal  to,  or  lower  than  that  of  the  air, 
depending  on  the  chemical  employed  and  the  ultimate  use  of  the  dehumidi- 
fied air. 

Fig.  3  shows  the  relationship  between  temperature,  vapor  pressure  and 
moisture  content  of  a  typical  absorbent  of  the  inorganic  type.  These 
curves  indicate  the  general  performance  of  such  absorbents,  although  the 
exact  values  vary  for  the  different  compounds. 

When  the  given  absorbent  is  in  equilibrium  with  air  having  a  dry-bulb 
temperature  of  70  F  and  a  relative  humidity  of  70  per  cent,  i.e.,  having  a 
dew-point  of  60  F,  or  a  water  vapor  pressure  of  13.2  mm  Hg,  the  water 
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content  of  the  solution  is  4.8  Ib  water  per  pound  of  anhydrous  absorbent, 
With  air  having  the  same  dry-bulb  temperature  and  a  dew-point  of  37  F, 
or  a  vapor  pressure  of  5,6  mm  Hg,  the  water  content  is  2.1  Ib  per  pound  of 
absorbent.  Therefore,  when  a  solution  of  2.1  Ib  water  per  pound  of  absor- 
bent is  exposed  to  an  atmosphere  of  70  F  and  70  per  cent  relative  humidity, 
it  will  absorb  an  additional  2.7  Ib  of  water  in  reaching  equilibrium. 

The  effect  of  temperature  on  the  absorptive  capacity  may  be  observed 
by  following  a  constant  vapor  pressure  line  in  Fig.  3.  At  a  temperature  of 
70  F  and  a  vapor  pressure  of  13.2  mm  Hg,  the  moisture  content  is  4.8  Ib 
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water  per  pound  of  absorbent.    At  100  F,  the  moisture  content  is  1.8  Ib 
water  per  pound  of  absorbent. 

Fig.  4  shows  the  relationship  between  temperature,  vapor  pressure,  and 
moisture  content  of  a  typical  liquid  absorbent  of  the  organic  type. 

DEHUMIDIFICATION  EQUIPMENT  USING  LIQUID  ABSORBENTS 

One  type  of  system  utilizing  liquid  absorbents  includes  an  external  inter- 
changer  having  essential  parts  consisting  of  a  liquid  contactor,  a  solution 
concentrator,  a  solution  heater  and  a  cooling  coil,  all  as  shown  in  Fig.  5. 
The  contactor  and  cooling  coil  are  located  in  the  wet  air  stream.  The  air 
to  be  conditioned  is  brought  into  contact  with  an  aqueous  brine  solution 
having  a  vapor  pressure  below  that  of  the  entering  air,  resulting  in  a  transfer 
of  moisture  from  the  air  to  the  brine  solution.  This  results  in  a  conversion 
of  latent  heat  to  sensible  heat,  which  raises  the  solution  temperature  and 
consequently,  the  air  temperature.  The  temperature  change  of  the  air  be- 
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ing  processed  is  determined  by  the  cooling  water  temperature  and  the 
amount  of  moisture  removed  in  the  equipment.  Control  of  leaving  air 
temperature  may  be  obtained  by  precooling  the  absorbent  solution  in  a 
suitable  surface  cooler,  by  tap,  well,  or  chilled  water. 

The  excess  water  of  condensation,  which  dilutes  the  brine,  is  removed  in 
the  solution  concentrator.  This  is  a  low  pressure  steam  heat  exchanger 
which  over-concentrates  a  portion  of  the  weak  liquor,  and  returns  it^to  the 
main  brine  reservoir  for  re-cycling.  The  concentrator  operates  in  the 
manner  of  an  evaporative  condenser,  whereby  moisture  is  evaporated  from 
the  brine  by  the  heating  coils  into  a  stream  of  regeneration  air  taken  from 
and  rejected  to  the  outside  atmosphere.  Low  pressure  steam  is  normally 
used  for  heating  the  brine.  When  it  is  desirable  or  necessary  to  use  gas  or 
electricity,  an  auxiliary  low  pressure  steam  boiler  is  ^  usually  added  to  the 
equipment.  Concentrators  operating  on  a  simple  boiler  principle  have  not 
as  yet  been  commercially  practical. 

It  should  be  noted  that  the  solution  concentration  phase  is  the  reverse 
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FIG.  5.  LIQUID  ABSORBENT  EQUIPMENT  IN  WHICH  SOLUTION  COOLER 
AND  CONTACTOR  ARE  COMBINED 

of  the  absorption  process.  During  concentration,  the  aqueous  vapor  pres- 
sure of  the  solution  is  greater  than  that  of  the  surrounding  air,  while  during 
dehumidification,  the  reverse  is  the  case.  Utilization  of  this  principle  per- 
mits winter  humidification  by  heating  (instead  of  cooling)  the  solution 
pumped  to  the  contactor.  Water  is  thereby  evaporated  into,  instead  of 
being  condensed  out  of,  the  conditioned  air  stream.  This  requires  dilution 
of  the  brine  externally  to  the  contactor,  rather  than  concentration. 

CALCULATION  OF  MOISTURE  LOAD 

Calculation  of  the  dehumidification  required  to  maintain  lower  than 
normal  moisture  content  in  a  given  room  begins  with  determination  of  the 
rate  of  moisture  gain  in  the  room  from  all  sources.  It  is  common  practice, 
when  maintaining  a  low  humidity  ratio,  to  recirculate  a  large  percentage  of 
the  air  in  the  room  through  the  dehumidifier,  and  to  add  only  enough  out- 
side air  to  meet  the  needs  of  the  problem.  The  humidity  ratio  of  the 
mixture  of  outside  and  recirculated  air  and  the  dehumidifier  performance 
data  can  be  used  to  calculate  the  humidity  ratio  of  the  air  leaving  the  de- 
humidifier.  The  difference  between  the  humidity  ratio  of  the  air  in  the 
room  and  that  of  the  dehumidified  air  entering  the  room  represents  the 
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effective  dehumidification  per  pound  of  air.  The  rate  of  internal  moisture 
gain  in  grains  per  minute,  divided  by  the  effective  dehumidification  In  grains 
per  pound  of  air,  equals  the  air  quantity  required  in  pounds  per  minute. 
The  following  typical  example  using  arbitrary  values  shows  a  general 
method  of  determining  the  dehumidifying  requirements.  Sensible  heat 
determination  considerations  are  discussed  in  other  chapters,  and  are  pur- 
posely omitted  here. 

Example  1.  A  solid  adsorbent  dehumidifier  having  performance  characteristics  as 
shown  in  Fig.  6  is  to  be  used  to  maintain  inside  conditions  of  73  F  and  20  per  cent  rela- 
tive humidity,  i.e.,  24.1  grains  per  pound  of  dry  air,  30  F  dew-point,  in  a  room,  20  ft 
x  30  ft  x  10  ft  high,  having  a  total  wall,  ceiling,  and  floor  surface  area  of  2200  sq  ft. 
Outside  design  conditions  are  72  F  dew-point  (118.4  grains  per  pound). 

Internal  sources  of  moisture  are:  4  occupants;  an  open  natural  gas  burner  using 
15  cu  ft  of  natural  gas  per  hour;  an  open  top  water  tank,  having  an  area  of  2  sq  ft  ex- 
posed surface,  in  which  water  is  maintained  at  87  F,  with  air  movement  over  the  water 
surface  being  100  fpm.  Determine  the  quantity  and  condition  of  the  dehumidified 
air  to  be  supplied  to  the  room. 


Solution.    The  internal  moisture  gain  consists  of  items  1  to  5. 


Grains  per 
Minute 


L  From  occupants:  4  X  1800/60  =  120 

1800  grains  per  person  per  hour  is  obtained  from  Fig.  7, 
Chapter  6,  by  interpolation  between  curves  C  and  D. 

2.  From  burned  gas:  15  X  650/60  =  162 

1  cu  ft  natural  gas  produces  approximately  650  grains  of 
moisture. 

3.  From  exposed  water  surface:  2  X  20  «  40 

Evaporation  from  water  surface  is  assumed  to  be  20  grains 
per  (minute)  (square  foot)  at  87  F  water  with  air  move- 
ment of  100  fpm. 


4.  From  infiltration:  gn          gg  X  (118.4  -  24.1)  =  696 

60  x  13.56 

One  air  change,  6000  cu  ft,  assumed  per  hour  (see  Chapter 
10). 

5.  Moisture  transmitted  through  room  surface: 

2200 

-^r   X  3  X  (0.783  -  0176)  »  67 

60 

Permeability  assumed  to  be  3  grains  per  (square  foot) 
(hour)  (inch  Hg  vapor  pressure  difference  on  two  sides  of 
wall). 

Total  moisture  gain  from  internal  sources  1085 

Let  q  be  the  air  delivered  to  the  room,  pounds  per  minute.  Let  it  be  assumed  for 
this  problem  that  85  per  cent  of  the  air  is  recirculated  and  15  per  cent  is  outside  air. 
Enough  air  must  be  supplied  to  replace  leakage  from  the  system  or  to  satisfy  normal 
ventilating  requirements  for  the  occupants  of  the  room  as  given  in  Chapter  6,  which- 
ever is  greater.  The  amount  is  estimated  from  experience  or  obtained  by  test. 

The  humidity  ratio  of  the  mixture  of  recirculated  and  outside  air  entering  the 
dehumidifier  is  then  : 

0.85g(24.l)  +  0.15g(118.4)        00  0        .  ,      .    .       ,  ,       .,.- 

-  —  -  —  -   =  38.3  grains  per  pound  entering  dehumidifier. 
0.85#  4-  0.15g 

For  the  dehumidifier  shown  in  Fig%6,  for  38.3  grains  per  pound  in  entering  air,  the 
leaving  humidity  ratio  will  be  6.5  grains  per  pound. 

Effective  dehumidification  in  the  room  is  24.1  —  6.5  or  17.6  grains  per  pound  of 
supply  air. 
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.  6.  PERFORMANCE  DATA  FOB  TYPICAL  COMMERCIAL  SOLID  ADSORBENT 
DEHUMIDIFIER 


Then  g  < 


•  61.6  Ib  air  per  minute  minimum  that  must  be 


1085  grains  per  minute 

17.6  grains  per  pound 

supplied  to  the  room  to  maintain  30  F  dew-point. 

Note  that  this  figure  represents  the  minimum  requirement  for  the  arbitrary  condi- 
tions set  forth  and  that  in  practice,  safety  margins  should  be  added  to  the  outside  air 
percentage  figure  and  to  the  calculated  internal  moisture  gain. 

VAPOR  TRANSFER  TO  DEHUMIDIFIED  SPACE 

The  walls  enclosing  a  dehumidified  space  are  subjected  to  a  vapor  pressure 
differential.  The  pressure  of  the  vapor  outside  the  walls  tends  to  force 
moisture  through  the  walls  into  the  dehumidified  zone  of  relatively  low 
vapor  pressure.  As  this  process  can  be  an  unnecessary  load  on  the  de- 
humidifying  equipment,  provisions  should  be  made  for  keeping  the  vapor 
transfer  to  a  minimum.  Also,  if  the  space  is  cooled  below  the  ambient  dew- 
point,  there  is  a  possibility  that  condensation  may  occur  within  the  walls, 
unless  vapor  transfer  is  controlled.  For  these  reasons  a  vapor  barrier 
should  be  located  within  the  wall  construction  as  near  to  the  high  vapor 
pressure  side  as  feasible.  To  be  effective,  a  barrier  must  be  continuous  and 
should  be  so  located  within  the  structure  that  it  will  be  protected  from 
rupture.  (See  section  on  Water  Vapor  and  Condensation,  Chapter  9.) 


CHAPTER  38 

AUTOMATIC  CONTROL 

Basic  Types  of  Control,  Types  of  Controllers,  Actuating  Devices,  Actuated  Controls, 

Residential  Control  Systems,  Zone  Control,  Automatic  Control  Application, 

Control  for  Central  Fan  Systems,  District  Heating  Control,  Panel 

Heating  Control,  Indicating  and  Recording  Equipment 

THE  function  of  automatic  control,  as  applied  to  the  heating,  ventilat- 
ing and  air  conditioning  industry,  may  be  broadly  subdivided  into  the 
maintenance  of  temperature,  humidity,  and  pressure,  within  pre-determined 
ranges.    It  automatically  coordinates  the  operation  of  the  various  con- 
trolled devices  in  proper  sequence  to  produce  the  desired  result. 

BASIC  TYPES  OF  CONTROL 

Available  automatic  control  equipment  may  be  divided  into  four  main 
groups  depending  on  the  primary  source  of  power  and  can  be  classed  as: 

1.  A  self -actuated  regulator  is  one  in  which  all  the  energy  necessary  to  operate  a 
valve  or  damper  motor  is  supplied  by  the  responsive  element  or  bulb.    Temperature 
changes  at  the  bulb  result  in  pressure  changes  of  an  enclosed  fluid  which  are  trans- 
mitted directly  to  the  valve  or  damper  motor.    Instruments  of  this  type  are  available 
either  with  a  rigid  bulb  or  with  flexible  tubing  from  the  bulb  to  the  operating  motor. 
The  flexible  tubing  may  be  furnished  in  varying  lengths  and  is  generally  protected  by 
a  flexible  metal  armor. 

2.  Electrically  operated  equipment  utilizes  electric  current  as  a  primary  source  of 
energy,  its  flow  being  regulated  as  required  to  operate  motors,  relays,  or  other  con- 
trolled items. 

3.  In  pneumatically  operated  equipment  the  primary  source  of  energy  is  compressed 
air  usually  at  a  pressure  of  15  to  25  psig.    The  flow  of  this  air  is  proportioned  as  re* 
quired  to  operate  valves,  dampers,  relays,  or  other  controlled  devices. 

4.  In  hydraulically  operated  equipment  the  primary  source  of  power  is  a  suitable 
liquid  at  a  pressure  of  15  to  25  psig  or  higher  which  is  handled  in  the  same  manner  as 
compressed  air. 

TYPES  OF  CONTROLLERS 
The  basic  types  of  controllers  which  are  available  may  be  classed  as: 

1,  Two-position  or  on-off  controllers  are  the  simplest  type  and  are  clearly  described 
by  the  name.    With  controllers  of  this  type  the  valve  or  damper  motor  can  assume 
only  two  positions,  either  open  or  shut. 

2.  Proportional  or  gradual  acting  controllers  function  to  re-position  the  controlled 
device  by  small  increments  of  travel  to  regulate  the  flow  as  the  controller  senses  a 
slight  change  in  the  controller  condition. 

3,  Floating  controllers  act  to  produce  valve  or  damper  movement  whenever  there  is 
a  deviation  from  the  control  point.    Whenever  the  condition  to  be  controlled  is 
above  the  control  point,  the  valve  closes  at  a  constant  rate,  and  continues  to  close 
until  the  temperature  returns  to  the  control  point.    Below  the  control  point  the 
valve  reverses  its  action  and  moves  in  the  other  direction  until  the  control  point  is 
again  reached. 

4.  Automatic  reset  (or  proportional  plus  reset)  controllers  function  to  reposition  a 
valve  or  damper  by  small  increments  of  travel  as  in  a  proportioning  controller.    In 
addition,  a  mechanical  device  in  the  controller  automatically  and  constantly  resets 
the  instrument  to  offset  the  normal  drift  (inherent  in  a  proportional  controller)  be- 
tween maximum  and  minimum  load.    The  rate  of  reset  is  manually  adjustable  and 
must  be  set  to  meet  the  load  requirements  of  the  individual  system. 

Controllers  may  also  be  designated  by  types  as:  a  non-indicating  con- 
troller, when  it  does  not  indicate  the  controlled  condition  and  performs 
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the  control  function  only;  an  indicating  controller,  when  fitted  with  a 
pointer,  thermometer,  or  gauge  which  indicates  the  controlled  condition; 
a  recording  controller,  when  it  is  combined  with  a  clock  mechanism  and 
chart  which  records  the  controlled  condition. 

ACTUATING  DEVICES 

The  starting  point  of  any  control  system  is  the  thermostat,  hygrostat, 
pressure  regulator,  or  other  mechanism  which  is  sensitive  to  a  change  and 
responds  in  the  desired  manner. 

Thermostats  are  usually  of  the  room,  duct  or  immersion  types.  Various 
types  of  thermostats  found  in  common  use  are  defined  in  the  following 
paragraphs. 

1 .  A  thermostat  is  an  instrument  which  is  responsive  to  changes  in  temperature  and 
initiates  a  force  that  repositions  valves,  dampers,  etc.,  to  maintain  selected  tempera- 
tures. 

2.  A  room  thermostat  is  usually  mounted  on  the  wall  of  the  space  to  be  controlled 
with  the  measuring  element  arranged  so  that  it  is  affected  by  the  room  temperature. 

3.  A  duct  thermostat  is  provided  with  fittings  suitable  for  installation  in  duct 
work.    The  insertion  type  is  equipped  with  a  rigid  bulb  and  is  arranged  so  that  the 
temperature  responsive  element  or  bulb  extends  through  the  wall  of  the  duct .    The  re- 
mote bulb  type  is  arranged  so  that  the  bulb  and  instrument  head  are  connected  by 
means  of  a  flexible  tube  of  the  desired  length.    The  bulb  is  inserted  in  the  duct,  and 
the  head  is  located  where  it  is  accessible  for  adjustment  and  inspection. 

4.  An  immersion  thermostat  is  provided  with  fittings  suitable  for  installation  in  a 
pipe  line  or  tank  where  a  fluid  tight  connection  is  required.    Both  insertion  and  re- 
mote bulb  types  are  available.    A  union  connection  and  separable  socket  when  used 
permit  removal  of  the  bulb  without  draining  the  line  or  tank.     The  sockets  may  be  of 
copper,  stainless  steel  or  other  materials. 

5.  A  day -night  or  two-temperature  thermostat  controls  a  heating  or  cooling  source 
to  maintain  either  of  two  selected  temperatures.    They  may  be  indexed  (set  at  de- 
sired control  temperature)  individually  or  in  groups  from  a  remote  point  by  means  of 
a  manual  or  time  switch. 

6.  A  summer-winter  or  heating-cooling  thermostat  is  similar  to  the  day-night  type 
except  that  both  the  temperature  setting  and  action  are  changed  by  the  indexing 
means.    Such  a  thermostat  could  open  a  volume  damper  on  a  rise  in  temperature  in 
summer  and  close  the  same  damper  on  a  rise  in  temperature  in  winter. 

7.  A  submaster  thermostat  has  its  temperature  setting  raised  or  lowered  a  pre- 
determined amount  for  a  given  change  in  some  other  variable.    For  example,  the 
water  temperature  on  a  heating  system  may  be  raised  as  the  outdoor  temperature 
drops.    A  master  instrument  is  used  to  reset  a  submaster  thermostat  and  may  be  a 
switch,  pressure  controller,  thermostat,  or  similar  device.    In  the  foregoing  example 
the  master  thermostat  would  be  located  where  it  would  respond  to  outdoor  tempera- 
ture and  the  submaster  thermostat  would  be  located  in  the  pipe  line  of  the  heating 
system. 

A  hygrostat  is  a  controller  which  is  sensitive  to  changes  in  relative  humid- 
ity, and  is  available  in  room  and  duct  types.  Where  the  controlled  condi- 
tion is  below  20  per  cent  or  above  80  per  cent,  or  the  temperature  is  above 
100  F,  selection  of  a  suitable  type  and  kind  of  hygroscopic  element  is 
essential. 

A  pressure  regulator  is  a  device  which  is  sensitive  to  changes  in  pressure. 
It  may  be  of  the  type  which  controls  a  single  pressure  or  of  the  differential 
type  which  maintains  a  predetermined  difference  between  two  pressures. 
For  pressures  in  duct  work,  static  pressure  regulators  are  available  in  the 
differential  type.  They  are  sensitive  to  changes  of  1/100  in.  of  water. 

ACTUATED  CONTROLS 

Thermostats,  hygrostats,  pressure  regulators  and  other  actuating  devices 
obtain  control  of  heating  and  cooling  mediums,  fuels,  liquids,  etc.,  by 
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actuating  various  control  devices  such  as -control  valves,  dampers,  damper 
motors,  relays,  or  controllers  defined  in  the  following  paragraphs. 

A  control  valve  is  designed  to  control  the  flow  of  fluids,  and  may  be  con- 
sidered as  a  variable  orifice  which  is  repositioned  by  a  motor  operator  as 
directed  by  a  thermostat,  or  other  controlling  device, 

1.  A  normally  open  or  direct  acting  valve  will  assume  an  open  position  when  all 
operating  power  is  removed. 

2.  A  normally  closed  or  reverse  acting  valve  will  assume  a  closed  position  when  all 
operating  power  is  removed. 

3.  Single  seated  valves  are  designed  for  tight  shut-off  using  appropriate  disc  mate- 
rials for  various  pressure  ranges. 

4.  Pilot  piston  valves  serve  a  similar  function  on  high  pressure  installations. 

5.  Double  seated  or  balanced  valves  are  designed  for  applications  where  tight  shut- 
off  is  not  required.    They^are  not  affected  by  varying  inlet  pressures  or  pressure  dif- 
ferentials, and  thus  are  widely  used  where  these  conditions  exist. 

6.  A  three-way  valve  is  fitted  with  a  double  faced  disc,  operating  between  two 
ports,  and  functioning  to  close  one  port  as  the  other  is  opened.    Depending  upon 
how  it  is  installed  it  may  be  used  as: 

a.  A  three-way  mixing  valve  to  mix  as  required  two  fluids  entering  the  two  inlet 
ports  and  leaving  through  the  common  outlet  port. 

b.  A  three-way  diverting  valve  to  divert  the  flow  from  the  inlet  port  to  either 
of  the  outlet  ports. 

Valve  discs,  poppets,  and  seats  are  available  in  various  shapes  to  meet 
any  desired  flow  characteristics  with  various  materials  as  required  by  serv- 
ice conditions. 

A  damper  is  designed  to  control  the  flow  of  air  or  gases  and  is  similar  to 
a  valve  in  this  respect.  Single  blade  dampers  are  generally  restricted  in 
size  because  of  the  difficulty  of  securing  proper  operation  with  high  velocity 
air.  Multi-blade  or  louver  dampers  can  be  furnished  so  that  adjacent 
blades  move  in  the  same  direction  or  in  opposite  directions.  The  opposed 
blade  type  gives  better  directional  and  flow  characteristics  than  the  parallel 
blade  type. 

For  long  life  and  trouble  free  operation,  dampers  should  be  constructed 
with  heavy  metal  frames,  blades  of  iron  adequately  braced,  and  ample 
bearing  surfaces  of  non-corrosive  materials.  When  fairly  tight  closing  is 
desired  felt  may  be  glued  and  riveted  on  the  edges  and  ends  of  the  blades. 
Other  materials  for  blades  and  frames  are  also  used  for  special  services. 

A  damper  motor  is  repositioned  by  a  controlling  instrument,  and  is 
connected  to  the  damper  blades  as  required  to  give  the  desired  movement. 
It  can  be  mounted  on  the  damper  frames  or  mounted  outside  the  duct  and 
connected  to  an  extended  shaft  on  one  or  more  damper  blades.  Suitable 
brackets  are  available  for  floor,  wall,  or  duct  mounting  of  the  motor. 

A  relay  is  a  device  which  uses  an  auxiliary  source  of  energy  to  amplify 
or  convert  the  force  of  a  controller  into  available  energy  at  a  valve  or 
damper  motor.  Various  types  of  relays  are  designated  as  follows  : 

1.  An  electro-pneumatic  relay  when  electrically  energized  starts  or  stops  the  flow 
of  air  as  required. 

2.  A  pneumatic-electric  relay ,  when  affected  by  different  air  pressures,  starts  or  stops 
the  flow  of  electrical  energy  as  required. 

3.  A  switching  relay  or  pilot  valve  may  be  used  to  switch  the  operation  of  a  con- 
trolled device  from  one  controller  to  another;  or  to  reverse  the  action  of  a  controlled 
device  in  response  to  an  impulse  from  a  controller. 

4.  An  averaging  relay  is  affected  by  the  forces  from  two  or  more  controllers,  and  the 
resulting  flow  of  energy  is  in  accordance  with  the  average  of  these  forces. 

5.  A  positioning  relay  has  a  direct  connection  to  a  valve  or  damper  motor  lever, 
a,n4  is  Affected  by  both  yalye  or  damper  position  ancj  controller  4emand.    It  is  re- 
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positioned  by  a  thermostat  or  other  controlling  device,  and  is  arranged  to  give  a 
definite  motor  position  for  a  given  force  from  the  thermostat  without  regard  for  motor 
hysteresis,  friction,  or  pressure  variations  of  the  controlled  fluid. 

A  sequence  controller  is  used  to  operate  two  or  more  devices  in  a  pre- 
arranged sequence.  It  is  generally  used  in  connection  with  refrigeration 
compressors,  and  may  be  arranged  to  prevent  simultaneous  starting  in 
the  event  of  temporary  electrical  shutdown  or  control  medium  failure. 

Manual  switches  are  available  in  the  two-position  or  proportional  types. 
Two-position  switches  change  the  flow  of  energy  from  one  line  to  one  or 
more  other  lines ;  or  from  one  pair  of  lines  to  another  pair  of  lines.  Pro- 
portioning switches  vary  the  flow  of  energy  as  determined  by  the  manual 
setting  of  the  switch. 

RESIDENTIAL  CONTROL  SYSTEMS 

The  control  equipment  function  in  a  residence  may  vary  from  the  regula- 
tion of  a  coal-fired  heating  plant  to  the  completely  automatic  control  of 
an  all-year  air  conditioning  system.  Regardless  of  the  type  of  heating  or 
air  conditioning  system  used,  the  control  system  should  be  selected  care- 
fully to  insure  safety  and  comfort  of  the  occupants,  and  also  economy  of 
operation* 

Heating  Unit  Controls 

Typical  controls  for  the  appliances  used  to  supply  heat  in  residences  are 
as  follows: 

L  Hand  Fired  Coal  Burners.  The  control  of  a  hand  fired  coal  burner  for  a  boiler 
or  furnace  normally  consists  of  a  room  thermostat  operating  a  two-position  electric 
control  motor,  which  in  turn  opens  the  draft  damper  and  closes  the  check  damper  on 
a  demand  for  heat.  The  motor  then  closes  the  draft  damper  and  opens  the  check 
damper  when  the  thermostat  is  satisfied.  A  limit  control  on  the  boiler  or  furnace 
should  be  connected  to  the  motor  so  that  it  may  check  the  fire  whenever  a  predeter- 
mined temperature  or  pressure  has  been  exceeded.  A  manually  operated  basement 
switch  is  usually  included  on  the  motor  so  that  the  draft  may  be  opened  and  the  check 
closed  when  the  boiler  or  furnace  is  being  filled  with  coal. 

2.  Coal  Fired  Stokers.    Domestic  stokers  are  usually  controlled  by  a  room  thermo- 
stat, a  limit  control,  and  a  stoker  relay.    When  the  thermostat  calls  for  heat,  the 
relay  causes  the  stoker  motor  to  increase  the  flow  of  fuel  and  air  to  the  burner  to  its 
maximum  rate.    When  the  thermostat  is  satisfied,  the  relay  provides  for  a  minimum 
flow  of  fuel  and  air  to  the  burner  to  maintain  the  fire  at  its  minimum  rate.    The  limit 
control  prevents  the  continuance  of  the  maximum  fuel  rate  if  the  temperature  or 

Sressure  in  the  boiler  or  furnace  exceeds  a  predetermined  value  and  also  stops  the 
ceding  of  fuel  if  the  fire  goes  out.    Automatic  ignition  usually  is  not  available  and 
the  firing  of  a  stoker  is  normally  on  or  off. 

3.  Automatic  Oil  Burners.    Automatic  oil  burner  controls  normally  consist  of  a 
room  thermostat,  a  limit  control,  a  combustion  safety  control,  and  a  control  relay. 
On  a  call  for  heat  by  the  thermostat,  the  relay  starts  the  oil  burner  motor  which  sup- 
plies oil  and  air  to  the  burner.    An  ignition  device  consisting  of  an  electric  spark  or  a 
gas  flame  ignites  the  oil  automatically.    If  for  any  reason  the  oil  and  gas  mixture  does 
not  ignite,  a  time  delay  mechanism  in  the  relay  is  operated  by  the  combustion  safety 
control  after  a  predetermined  length  of  time  to  cause  the  oil  and  air  supply  to  be  shut 
off.    If  the  oil  and  air  mixture  ignites  properly  the  burner  continues  to  run  until  the 
thermostat  is  satisfied  or  until  the  limit  control  affected  by  the  temperature  or  pres- 
sure in  the  boiler  or  furnace,  stops  the  burner. 

4.  Automatic  Gas  Burners.    The  controls  for  an  automatic  gas  burner  usually  in- 
clude a  room  thermostat,  a  limit  control,  a  safety  pilot,  gas  pressure  regulator  and  a 
gas  valve  (solenoid,  motorized  or  diaphragm  type) .    Upon  a  demand  for  heat  at  the 
thermostat,  the  gas  valve  is  opened,  admitting  gas  to  the  burner.    The  safety  pilot 
ignites  the  gas  which  continues  to  burn  until  the  thermostat  is  satisfied  or  until  the 
limit  control  shuts  off  the  gas  ^  valve.    The  limit  control  may  also  reduce  (throttle) 
the  gas  flame  as  required  to  maintain  a  desired  temperature  or  pressure  of  the  heating 
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medium.  If  the  pilot  flame  is  extinguished  for  any  reason,  either  before  or  after  the 
main  gas  valve  is  turned  on,  the  safety  pilot  closes  the  gas  valve,  thus  eliminating  the 
danger  of  delivering  gas  to  the  burner  without  ignition. 

5.  Electric  Heating.  Electric  heating  has  become  popular  in  those  areas  where 
electric  power  is  plentiful  and  inexpensive.  The  electric  heating  elements  may  be 
located  in  each  individual  room  and  turned  on  and  off  by  thermostats  in  each  room,  or 
j.T.^t.^.4. -L I:.JT J._-IT__.J.. j.._.  T  ,1  >  case  of  a  central  heat- 

jizes  from  five 

...          .  _  _  ,  by  means  of  a 

sequence  controller  consisting  of  a  series  of  switches  operated  by  a  proportioning 
motor.  A  limit  switch  recycles  the  sequence  controller  if  the  furnace  or  boiler  ex- 
ceeds a  predetermined  temperature. 

Limit  Controls 

A  high  limit  control  for  steam  consists  of  a  pressure  control  having  bellows, 
responsive  to  the  boiler  pressure,  which  breaks  an  electric  contact  when  the 
steam  pressure  exceeds  a  predetermined  point,  thereby  preventing  the 
burner  from  delivering  additional  heat  to  the  boiler.  A  low  water  cut-off 
should  also  be  used  to  stop  the  burner  if  the  water  in  the  boiler  drops  to  a 
dangerous  level. 

A  high  limit  control  for  a  hot  water  boiler  consists  of  an  immersion 
thermostat  (usually  equipped  with  a  bi-metal  helix)  inserted  in  a  well  in 
the  boiler.  This  control  stops  the  burner  when  a  predetermined  water 
temperature  has  been  reached  in  the  boiler. 

In  a  warm  air  system  the  high  limit  control  is  a  thermostat  including 
a  bi-metal  helix  inserted  in  the  bonnet  of  the  furnace.  It  will  shut  off 
the  source  of  heat  when  a  predetermined  furnace  temperature  is  exceeded. 

System  Control 

There  are  several  types  of  system  control  in  common  use  for  residential 
applications.  They  are  usually  of  the  two-position  (on-off)  type,  or  of  the 
proportioning  type. 

1.  Two-Position  (On-Off)  Control.    The  most  simple  type  of  domestic  control  is  the 
type  in  which  the  room  thermostat  starts  the  burner  or  other  source  of  heat  when  the 
temperature  of  the  air  at  the  thermostat  falls  below  the  thermostat  setting,  and  stops 
the  source  of  heat  when  the  air  temperature  rises  above  the  setting.    If  forced  warm 
air  or  forced  hot  water  is  used,  the  fan  or  circulator  may  be  turned  on  and  off  at  ap- 
proximately the  same  time  as  the  source  of  heat. 

2.  Proportioning  Control.    When  a  proportioning  type  of  control  is  used,  the  flame 
of  the  burner  may  be  varied  or  the  burner  may  be  cycled  (started  and  stopped)  fre- 
quently to  provide  for  time  modulation  so  that  the  heat  input  to  the  home  is  propor- 
tioned continuously  to  the  heat  loss  from  the  home.    The  fan  of  a  forced  warm  air 
system  or  the  circulator  of  a  forced  hot  water  system  may  be  run  almost  continuously, 
thereby  providing  for  the  constant  flow  of  heat  into  the  home.    Such  operation 
minimizes  the  cold  drafts  on  the  floor  as  caused  by  cold  air  dropping  from  cool  walls 
and  windows  during  the  of  period  of  an  on-off  system. 

Room  Thermostats 

Room  thermostats  usually  employ  a  bi-metal  element  or  a  vapor  filled 
bellows  as  the  temperature  sensitive  element.  They  may  be  of  the  plain 
or  single  temperature  type,  or  of  the  day-night  type  providing  for  auto- 
matic night  lowering  and  morning  increase  of  the  control  point.  The 
automatic  setback  type  usually  includes  a  clock  mechanism  which  accom- 
plishes this  result.  Opinions  vary  regarding  the  amount  of  fuel  that  can 
be  saved  by  automatic  setback.  Tests  made  both  in  the  Warm-Air  Heat- 
ing Research  Residence  and  the  I-B-R  Research  Home  at  the  University 
of  Illinois  indicate  that,  on  thermostatically  controlled  systems,  a  possible 
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fuel  saving  of  from  7  to  10  per  cent  may  be  obtained  by  reducing  the  house 
temperature  6  to  10  deg  from  about  10 : 00  p.m.  to  5 : 30  a.m.* 

In  locating  a  room  thermostat  the  following  rules  should  be  observed : 

1.  It  should  always  be  located  towards  the  center  of  a  relatively  open  room  on  the 
coolest  rather  than  the  warmest  side  of  the  building. 

2.  It  should  never  be  mounted  on  an  outside  wall  or  other  cold  surface,  or  where 
it  Is  exposed  to  cold  drafts  from  an  outside  door. 

3.  It  should  never  be  mounted  where  it  will  be  affected  by  direct  rays  of  the  sun; 
by  heat  from  a  nearby  warm  surface  such  as  chimneys,  pipes  or  ducts  in  a  wall, 
radiators;  or  by  direct  currents  from  a  warm  air  register. 

4.  It  should  never  be  located  where  normal  circulation  of  air  Is  impeded  by  furni- 
ture  or  an  opened  door. 

5.  It  should  be  located  where  it  is  safe  from  mechanical  injury. 

In  a  typical  home,  a  satisfactory  location  for  the  thermostat  can  usually 
be  found  on  an  inside  wall  of  the  living  room  or  dining  room. 

Alr-Conditioning  Systems 

Year  'round  residential  air-conditioning  systems  which  provide  for  heat- 
ing in  winter  and  cooling  in  summer  should  be  given  the  same  considera- 
tion in  selecting  the  control  system  as  required  for  commercial  air-condition- 
ing systems  described  later  in  this  chapter  since  the  basic  principles  are  the 
same  and  the  final  results  must  provide  for  the  comfort  of  the  occupants. 
Economy  in  first  cost  may  result  in  both  lack  of  economical  operation  and 
discomfort. 

ZONE  CONTROL 

In  residential  heating,  it  is  often  desirable  to  divide  the  house  into  two 
or  more  zones  for  greater  accuracy  of  control  and  comfort.  Each  zone 
may  then  be  maintained  individually  at  the  desired  temperature  level. 
The  division  by  zones  should  be  based  upon  exposure  and  occupancy  and 
the  most  common  division  is  usually  found  to  be : 

1.  Living  section  such  as  living  room,  dining  room,  den. 

2.  Sleeping  section. 

3.  Service  section  such  as  kitchen,  pantry,  servant's  quarters. 

Zone  control  for  steam  and  hot  water  heating  systems  is  employed  where 
it  is  desired  to  control  the  heating  effect  of  a  multiplicity  of  radiators  or 
convectors,  located  in  various  heated  spaces,  through  the  use  of  a  single 
regulator.  Under  certain  conditions,  particularly  in  buildings  of  limited 
size,  it  is  possible  to  consider  the  entire  building  as  a  single  heating  zone. 
In  such  cases,  the  zone  regulator,  or  master  controller,  may  operate  directly 
the  automatic  firing  equipment  of  the  boiler  or  the  reducing  valve  in  the 
street  steam  main.  In  large  buildings  the  demands  of  satisfactory  tempera- 
ture control,  however,  will  make  it  necessary  to  sub-divide  the  heating 
system  into  suitable  zones. 

There  are  a  number  of  factors  to  be  considered  in  zoning,  in  order  that 
heating  requirements  in  a  single  zone  will  be  approximately  consistent 
throughout  its  extent. 

1.  Exposure  may  be  a  factor  to  be  considered,  with  particular  reference  to  prevail- 
ing winds,  sun  effect,  and  the  shelter  afforded  by  surrounding  structures  and  topo- 
graphical features. 


*Save  Fuel  for  Victory,  University  of  Illinois,  Engineering  Experiment  Station  Circular   Series  No. 
47,  p.  31. 
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2.  Occupancy  may  be  a  determining  factor,  in  that  the  indoor  temperature  require- 
ments for  the  activities  carried  on  in  various  portions  of  the  building  may  vary,  and 
the  hours  of  occupancy  likewise  may  differ. 

3.  The  physical  characteristics  of  the  building  will  enter  into  the  sub-dividing  of 
the  heating  system  into  zones  by  reason  of  the  fact  that  satisfactory  temperature 
conditions  throughput  a  single  zone  of  given  extent  may  not  be  enjoyed  equally  in 
buildings  of  dissimilar  types  of  construction.    Also,  the  height  of  the  building  and 
its  horizontal  extent  and  form  are  considerations  which  must  be  borne  in  mind. 

4.  The  cost  of  the  zone  control  equipment  for  such  additional  zones  as  might  seem 
otherwise  desirable,  often  will  influence  the  decision  as  to  the  final  number  of  zones 
to  be  employed.    In  buildings  of  considerable  size,  accepted  practice  dictates  that 
there  shall  be  at  least  one  zone  for  each  exposure,  although  each  exposure  very 
possibly  should  be  sub-divided  vertically  into  two  or  more  zones,  for  the  higher 
structures.    Also,  the  presence  of  two  or  more  wings,  having  the  same  general  ex- 
posure, may  suggest  the  desirability  of  more  restrictive  zoning.    In  smaller  build- 
ings, and  in  those  of  larger  extent  where  cost  and  other  conditions  limit  the  number  of 
zones,  a  common  compromise  is  to  combine  the  North  and  West  exposures  In  one 
zone,  and  the  East  and  South  exposures  in  a  second  zone.    Frequently,  when  the 
street  floor  level  is  given  over  to  public  spaces  or  to  activities  which  are  markedly 
different  from  those  carried  on  in  the  remainder  of  the  building,  it  is  advisable  to 
provide  a  separate  steam  main,  with  conventional  room  thermostats  in  each  individ- 
ual area. 

For  steam  heating  systems,  the  radiator  output  may  be  varied  pro- 
portionately to  the  changes  in  outdoor  temperature,  by  any  of  a  number 
of  general  methods.  Those  in  most  common  use  are : 

1 .  Turning  the  steam  on  and  off  at  appropriate  intervals  as  dictated  by  tempera- 
ture or  time  considerations,  proportioned  to  the  need  for  heating, 

2.  Varying  the  pressure  of  steam  in  the  system  in  accordance  with  the  demand  for 
heat. 

3.  Throttling  the  steam  pressure,  at  the  demand  of  the  controller,  to  allow  flow 
through  orifices  in  proportion  to  the  heating  requirements. 

In  hot  water  heating,  the  accepted  practices  are  (1)  to  vary  the  tempera- 
ture of  the  hot  water  supplied  to  the  system  or,  (2)  to  vary  the  flow  of  hot 
water,  both  proportionately  to  the  heating  requirements. 

The  regulator  for  each  zone  usually  is  of  a  type  which  in  some  manner 
responds  to  the  outdoor  temperature  and  effect  of  sun  and  wind  for  the 
zone.  Many  of  the  available  zone  controllers  are  arranged  in  such  a  way 
as  to  be  affected  also  by  the  temperature  of  the  heating  system  and  the  in- 
door temperature  in  the  zone.  Whatever  the  mechanical  features  of  the 
regulator,  its  function  is  to  dictate  the  flow  impulse,  or  rate  of  flow,  in  such 
a  way  as  to  maintain  the  desired  indoor  temperature  in  the  zone,  regardless 
of  the  fluctuations  in  the  outdoor  temperature.  Provisions  also  may  be 
made  to  maintain  a  predetermined  low  economy  temperature  in  each  zone 
during  periods  of  non-occupancy ;  to  facilitate  quick  warming-up  following 
such  periods ;  and  to  follow  those  portions  of  the  daily  cycle  of  control  with 
normal  heating  effect  during  the  occupancy  period. 

A  control  panel,  at  a  central  location,  may  be  arranged  so  that  manual 
switches  for  each  zone  may  raise  or  lower  the  operating  temperature,  and 
time  switches,  if  desired,  may  be  provided  for  obtaining,  automatically, 
any  day-night  or  other  predetermined  control  program  which  the  operators  of 
the  building  may  desire.  The  characteristics  of  the  regulators  which  are 
operated  by  the  zone  controllers  depend  upon  which  of  the  basic  systems 
of  zone  control  is  employed  in  a  given  installation.  Shut-off,  mixing  or 
throttling  valves  and  various  forms  of  devices  to  reset  or  pilot  the  action 
of  reducing  valves  and  to  control  firing  means,  are  some  of  the  more  com- 
mon regulators  which  are  used  to  control  the  flow  of  steam  or  hot  water, 
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under  the  command  of  zone  controllers.  The  characteristics  of  these 
regulators  usually  are  determined  by  the  manufacturer  of  the  type  of  con- 
troller which  is  selected. 

AUTOMATIC  CONTROL  APPLICATION 

Some  of  the  considerations  affecting  the  selection  of  automatic  controls 
for  applications  are  given  in  the  following  paragraphs  which  describe  con- 
trols and  operation  for  various  types  of  units. 

Unit  Heater  Control 

Two-position  (on-off)  control  by  means  of  a  room  thermostat  is  the 
standard  method  of  control  for  unit  heaters.  A  limit  control  should  be 
incorporated  to  prevent  operation  of  the  unit  heater  fan  motor  when 
steam  or  hot  water  is  not  available.  The  limit  control  can  be  a  surface 
thermostat  or  pressure  control.  Where  there  is  no  possibility  of  drafts, 
and  continuous  air  circulation  is  required,  the  unit  heater  fan  motor  may 
operate  continuously.  In  this  case,  a  room  thermostat  controls  a  valve 
(two-position  or  proportioning)  in  the  steam  or  in  the  hot  water  supply 
line. 

Unit  Ventilator  Control 

Various  makes  of  unit  ventilators  are  designed  for  different  control  cycles. 
Selection  of  automatic  temperature  control  for  unit  ventilators  is  largely 
determined  by  the  design  of  the  'particular  unit.  The  choice  of  control 
cycle  may  also  be  determined  by  local  and  state  ventilating  codes,  par- 
ticularly where  units  are  installed  in  school  rooms.  It  is  desirable  to  co- 
ordinate the  selection  of  control  cycle  with  the  unit  ventilator  manufacturer 
since,  in  many  cases,  modifications  of  the  unit  are  required  for  the  in- 
stallation of  the  control  equipment;  and,  in  some  cases,  it  is  desirable  to 
have  the  equipment  factory-mounted.  Two  typical  control  cycles  are: 
(1)  Variable  Outdoor  Air  with  Fixed  Minimum;  and  (2)  Variable  Outdoor 
Air  without  Fixed  Minimum. 

Control  Cycle  No.  L  In  full  heating  position,  the  outdoor  air  dampejr  is  closed, 
the  recirculating  air  damper  is  open,  and  the  supply  valve  is  open. 

In  full  cooling  position  the  outdoor  air  damper  is  open,  the  recirculating  air  damper 
is  closed,  and  the  supply  valve  is  closed  or  at  a  minimum  position  to  maintain  a  mini- 
mum discharge  air  temperature.  The  sequence  of  control  operations  is:  On  call  for 
cooling,  under  control  of  a  room  thermostat,  outdoor  air  damper  opens  to  minimum 
setting.  The  supply  valve  then  closes  gradually,  after  which  the  outdoor  air  damper 
gradually  opens  to  the  maximum  position  and,  simultaneously,  the  recirculating  air 
damper  closes.  A  low  limit  thermostat  mounted  above  the  coil  prevents  the  dis- 
charge temperature  from  dropping  below  a  predetermined  minimum. 

Control  Cycle  No.  2.  In  full  heating  position  the  outdoor  air  damper  is  closed, 
the  recirculating  air  damper  is  open  and  the  supply  valve  is  open. 

In  full  cooling  position  the  supply  valve  is  closed,  the  outdoor  air  damper  is  open, 
and  recirculating  air  damper  is  closed  or  at  any  position  required  to  maintain  a  mini- 
mum discharge  air  temperature.  The  sequence  of  control  operations  is:  On  call  for 
cooling,  under  control  of  a  room  thermostat,  the  valve  gradually  closes.  As  the  valve 
leaves  full-open  position,  control  of  the  recirculated  air  and  outdoor  air  dampers  is 
transferred  to  a  thermostat  installed  ahead  of  the  heating  coil  to  maintain  a  minimum 
air  temperature.  On  continued  call  for  cooling,  the  valve  gradually  closes. 

If  direct  radiation  is  used,  it  is  desirable  that  it  be  controlled  in  sequence  with 
whatever  control  cycle  is  adapted  for  the  unit  ventilators. 

Unit  Coolers 

Although  most  unit  coolers  can  be  adapted  to  any  control  cycle,  con- 
tinuous fan  operation  is  recommended  to  avoid  stratification  and  wide 
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fluctuations  in  space  temperature.  Should  the  unit  be  completely  self- 
contained,  control  of  the  direct  expansion  refrigeration  unit  may  be  ob- 
tained from  the  temperature  of  the  recirculated  air  and  from  suction  pres- 
sure. In  the  case  of  multiple  unit  systems  supplied  with  refrigerant  or 
chilled  water  from  a  central  source,  a  valve  in  the  supply  to  each  cooling 
coil  may  be  controlled  thermostatically  from  space  temperature. 

Refrigeration  and  DehumidificatioH  Equipment 

Typical  control  equipment  and  its  functions  are  described  in  the  follow- 
ing paragraphs. 

Well  Water.  Where  well  water  is  used  directly  in  air  washers  or  cooling  coils, 
control  of  temperature  or  humidity  is  usually  obtained  by  thermostats  or  humidistats 
operating  valves  (two-position  or  proportioning).  The  two-position  valve  will  pro- 
vide better  dehumidification  since  a  lower  coil  temperature  will  be  maintained,  but 
the  temperature  of  the  discharge  air  will  fluctuate.  With  proportioning  control, 
better  control  of  discharge  air  temperatures  will  be  maintained.  In  both  cases  the 
sensible-latent  heat  ratio  is  basically  a  matter  of  coil  design  rather  than  automatic 
control.  Proportioning  three-way  valves  may  be  used  as  mixing  or  diverting  valves 
for  better^pump  performance,  and  may  also  be  applied  to  an  air  washer  used  with  a 
recirculating  pump  to  control  water  temperature  rather  than  volume. 

Ice  Bunkers.  f  Where  water  is  sprayed  over  the  ice  in  bunkers  and  circulated  to  air 
washers  or  cooling  coils,  control  is  obtained  by  a  thermostat  in  the  water  line  from 
the  bunker.  The  thermostat  proportions  a  three-way  valve  to  by-pass  enough  return 
water  around  the  ice  bunker  to  maintain  a  constant  discharge  temperature. 

Compressors.  Compressors  may  supply  refrigerant  to  direct  expansion  cooling 
coils  in  air  conditioning  units,  or  to  direct  expansion  coils  in  water-chilling  units.  In 
either  case,  the  compressor  motor  may  be  started  and  stopped  directly  by  a  room  or 
duct  thermostat,  or  a  pressure  controller  may  be  used  to  regulate  the  suction  pressure 
of  the  compressor.  In  the  latter  case,  a  room  or  duct  thermostat  may  be  used  to 
control  a  solenoid  valve  in  the  refrigerant  supply  line  to  the  cooling  coil.  A  high  and 
low  pressure  cut-out  is  standard  safety  equipment  on  most  compressor  installations. 
Reduced  capacity  of  the  refrigerating  unit  may  be  obtained  by  means  of  temperature 
or  pressure  controlled  unloading  devices  which  vary  the  capacity  of  the  compressor 
in  some  proportion  to  variations  of  cooling  load.  Program  or  step  controllers,  ac- 
tuated by  temperature  or  pressure,  are  commonly  used  in  multiple  compressor  in- 
stallations. It  is  desirable  in  such  installations  to  return  the  program  or  step  con- 
troller to  the  off  position  when  the  system  is  shut  down  to  prevent  the  full  electrical 
load  of  multiple  compressors  from  being  thrown  across  the  line  at  the  same  time. 
Thermostatic  control  of  water  supply  to  water-cooled  condensers  may  be  achieved  by 
means  of  self-contained  controllers  or  valve  and  thermostat  application. 

Steam  Jet.  A  steam  jet  refrigeration  system  is  commonly  controlled  by  means 
of  a  thermostat  in  the  chilled  (secondary)  water.  The  thermostat  operates  a  two- 
position  valve  in  the  steam  line  to  the  jet.  In  the  case  of  multiple  jet  units,  program 
or  step  control  can  be  achieved  by  controlling  the  jets  in  sequence.  As  in  the  case  of 
direct  expansion  refrigeration  units,  a  system  of  control  is  advisable  for  the  water- 
cooled-condensing  unit. 

Centrifugal  Units.  The  control  of  centrifugal  refrigeration  units  or  other  types 
of  vacuum  systems  is  customarily  achieved  by  means  of  a  thermostat  in  the  chilled 
water  to  control  the  operating  cycle  of  the  equipment  at  full  or  reduced  capacity, 

Adsorption  Units.  Control  of  adsorption  units  consists  of  a  damper  control  which, 
in  response  to  humidity,  controls  the  air  flow  through  or  around  the  activated  bed  of 
adsorption  material.  Standard  controls  for  cooling  are  used  to  reduce  the  dehumidi- 
fied air  to  a  desired  dry-bulb. 

Absorption  Units.  Since  at  constant  density,  the  absorption  solution  will  extract 
water  from  the  treated  air  in  an  amount  proportional  to  the  solution  temperature,  the 
moisture  content  of  the  air  leaving  an  absorption  unit  is  regulated  by  solution  tem- 
perature. Solution  density  is  held  constant  by  a  combination  of  float  control  and 
steam  valve  controlling  the  solution  regenerator.  Two  basic  methods  of  control  are 
standard : 

1.  Constant  solution  temperature  where  the  solution  temperature  is  set  so  that, 
at  the  full  load  for  which  the  unit  is  designed,  the  discharge  air  will  have  the 
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desired  moisture  content.  Proportioning  control  of  the  water  and  two-position 
control  of  the  steam  are  recommended  to  maintain  constant  temperature. 
2.  Control  by  varying  the  solution  temperature  so  that  the  moisture  content  of 
the  discharge  air  remains  constant  regardless  of  load  variation.  Basically,  this 
control  is  similar  to  the  constant  solution  temperature  control  with  the  addition 
of  a  hygrostat  or  wet-bulb  controller  controlling  the  water  valve  from  space 
conditions.  In  order  to  secure  a  constant  discharge  dry-bulb  temperature,  a 
coil  is  provided  with  proportioning  valve  controlled  by  a  proportioning  thermo- 
stat in  the  unit  discharge. 

CONTROL  FOR  CENTRAL  FAN  SYSTEMS 

Automatic  temperature  control  for  central  fan  heating,  cooling,  ventilat- 
ing and  air  conditioning  systems  involves  the  proper  application  of  various 
types  of  controlling  instruments  and  associated  regulators  such  as  valves, 
dampers  and  damper  operators,  relays  and  other  auxiliary  equipment 
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FIG.  1.    CONTROL  DIAGRAM  FOB  YEAE  'ROUND  AIH  CONDITIONING  SYSTEM 

which  are  described  in  earlier  sections  of  this  chapter.  In  central  fan 
systems  the  conditions  required  dictate  the  type  of  built-up  control  system 
to  be  used.  Otherwise,  some  arrangement  of  available  package  equipment 
probably  would  be  used.  For  that  reason,  it  is  impossible  to  state  in  detail 
the  control  apparatus  which  will  be  required  in  even  the  most  representative 
applications. 

In  general,  in  so  far  as  automatic  temperature  and  humidity  control 
equipment  is  concerned,  central  fan  systems  may  be  divided  into  certain 
broad  classifications,  as  follows : 

1.  Heating 

2.  Humidifying 

3.  Ventilating  and  atmospheric  cooling 

4.  Cooling  and  dehumidifying 

5.  Control  of  zone  temperatures 

6.  Year  'round  air  conditioning  with  automatic  change-over 

7.  Constant  temperature  and  humidity 


Automatic  Control 


815 


The  apparatus  which  enters  into  the  automatic  maintenance  of  tempera- 
tures and  humidities  for  central  fan  systems  which  are  designed  to  produce 
each  of  the  effects  listed  in  items  1  to  7,  is  indicated  in  the  following  para- 
graphs : 

1.  In  heating  control,  there  are  three  considerations  to  be  borne  in  mind:  (1)  to 
control  space  temperature,  (2)  to  prevent  drafts,  (3)  to  guard  against  freezing. 
Usually  in  central  fan  systems,  suitable  thermostats  operate  valves  in  the  steam  or 
hot  water  supply  to  heating  coils  or  face  dampers  across  such  coils  and  by-pass  damp- 
ers around  them.  If  the  heating  coils  are  sub-divided  into  two  or  more  groups,  such 
as  preheaters  and  reheaters,  a  duct  thermostat  following  the  preheaters,  and  located 
in  the  entrance  to  the  chamber  between  the  groups  of  coils,  controls  the  preheaters, 
but  it  is  essential  that  the  preheater  coils  be  of  the  steam  distributing  type.  Simi- 
larly, a  duct  thermostat  in  the  fan  discharge,  where  any  effect  of  stratification  has 
been  dissipated,  operates  the  valves  and  dampers  associated  with  the  reheaters.  In 
some  cases,  where  there  are  more  than  one  bank  of  preheaters,  the  practice  is  to  place 
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FIG,  2.    CONSTANT  TEMPERATURE  AND  HUMIDITY  CONTROL  FOR  YEAR   'ROUND 
SYSTEM  USING  100  PER  CENT  OUTDOOR  AIR 


a  freeze  protection  thermostat  in  the  outdoor  air  intake  to  control  the  valve  on  the 
first  bank  of  heaters,  which  is  designed  so  that  the  heat-rise  through  it  will  not  cause 
overheating.  A  room  thermostat  in  the  heated  space  may  serve  as  the  controlling 
instrument,  with  a  thermostat  in  the  fan  discharge  serving  to  prevent  the  delivery 
of  air  at  a  temperature  which  might  cause  drafts.  If  desired,  similar  action  may  be 
obtained  from  a  thermostat  in  the  return  air  connection.  When  there  is  only  one 
heating  coil,  a  limit  thermostat  in  the  fan  discharge  accomplishes  the  control,  in 
conjunction  with  a  thermostat  in  the  heated  space  or  in  the  return  air. 

2.  Humidity  control  may  be  obtained  by  means  of  a  hygrostat,  usually  located  in 
the  conditioned  space  or  in  the  return  air.    Such  controlling  instruments  may  operate 
steam,  supply  valves  to  humidifiers,  mixing  valves  to  control  the  temperature  of  the 
water  to  sprays,  or  a  system  of  dampers  to  regulate  the  quantity  of  air  passed  through 
the  humidifying  chamber  or  by-passed  around  it.   The  control  of  humidity  according 
to  dew-point  temperature  is  sometimes  accomplished  by  means  of  a  thermostat  in  the 
outlet  of  the  humidifying  chamber.    However,  the  setting  of  the  dew-point  thermo- 
stat may  have  to  be  changed  as  the  humidity  in  the  conditioned  space  varies. 

3.  The  control  of  ventilating  and  cooling  by  the  use  of  outdoor  air  consists  of  an 
arrangement  of  dampers,  usually  determining  the  relative  quantities  of  outdoor  air 
and  return  air  which  are  to  be  delivered  to  the  conditioned  space.    The  damper  posi- 
tions are  regulated  by  proper  types  of  thermostats,  located  in  the  minimum  outdoor 
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air  intake,  the  fan  discharge,  the  conditioned  space  or  the  return  air.  Instruments 
are  available  which,  with  an  adequate  arrangement  of  dampers,  will  cause  a  maximum 
quantity  of  outdoor  air  to  be  handled  until  it  becomes  more  economical  to  utilize 
return  air. 

4.  Cooling  and  deliumidifying  may  be  controlled  by  means  of  thermostats,  and 
hygrostats  or  dew-point  thermostats,  which  regulate  dampers  and  mixing  valves  to 
maintain  air  of  the  proper  temperature  and  humidity  in  the  discharge  from  the  central 
fan  plant.    Such  controlling  instruments  normally  are  located  in  the  fan  discharge 
or  in  the  return  air,  or  both,  and  they  may  be  associated  with  thermostats  or  hygro- 
stats in  the  conditioned  spaces. 

5.  Where  a  separate  duct  serves  each  zone  of  an  area  with  which  a  central  fan  system 
is  associated,  a  room  thermostat  in  each  zone  may  operate  mixing  dampers  in  the  inlet 
to  each  zone  duct,  determining  the  quantity  of  warm  air  which  is  required  from  that 
portion,  of  a  plenum  chamber  into  which  heated  air  Is  delivered,  and  the  quantity  of 
cool  air  which  should  be  taken  from  the  other  portion  of  the  double  plenum  chamber. 
In  many  instances,  separate  zone  heating  and  zone  cooling  coils  are  employed,  instead 
of  mixing  dampers, 

6.  The  control  hook-up  for  a  topical  year  'round  air  conditioning  system,  including 
automatic  change-over  from  heating  to  cooling,  Is  indicated  in  Fig.  1  and  described 
as  follows : 

Whenever  the  fan  is  started,  solenoid  air  valve  or  relay  E-l,  actuated  by  the  fan 
motor  starter,  opens  minimum  outdoor  air  damper  D-l,  places  hygrostat  H,  in  serv- 
ice, and  allows  duct  thermostats  T-3  and  T~4  to  control  the  maximum  outdoor  air 
damper  D-2  and  the  return  air  damper  D-3. 

When  the  fans  stop,  E-l  is  de-energized  to  close  the  outdoor  air  dampers  and  also 
to  close  humidifier  valve  V-4. 

Thermostat  T-l  positions  steam  valve  V-3  on  the  reheater  coil,  to  maintain  a 
constant  space  temperature.  As  the  space  temperature  rises,  T4  positions  reheater 
valve  V-3  to  a  closed  or  to  a  minimum  open  position,  as  determined  by  low  limit 
discharge  thermostat  T-5.  Duct  thermostat  T-6,  in  the  preheater  discharge,  posi- 
tions preheater  coil  valve  V-l  to  maintain  a  constant  preheater  discharge  tempera- 
ture. 

On  rising  outdoor  temperature,  between  30  F  and  65  F,  duct  thermostat  T-3, 
located  in  the  outdoor  air  intake,  moves  maximum  outdoor  air  damper  D-2  toward 
the  open  position.  At  65  F  outdoor,  D-2  will  be  fully  open  and  return  air  damper  D-3 
will  be  fully  closed. 

As  the  outdoor  air  temperature  rises  above  65  F,  duct  thermostat  T-3  positions  V-5 
in  such  a  way  as  to  by-pass  low  limit  thermostat  T-5,  so  that  reheater  coil  valve  V-3 
is  operated  directly  from  thermostat  T-l.  As  outdoor  air  temperature  rises  from 
65  F  to  75  F,  duct  thermostat  T-4  gradually  closes  maximum  outdoor  air  damper  D-2 
and  opens  return  air  damper  D-3. 

Cooling  thermostat  T-2  positions  cooling  coil  valve  V-2  to  admit  more  chilled 
water  as  the  space  temperature  rises. 

Hygrostat  H  positions  humidifier  valve  V-4  to  maintain  the  desired  humidity  in 
the  conditioned  space. 

7.  The  arrangement  of  automatic  control  for  a  constant  temperature  and  constant 
humidity  air  conditioning  systemt  using  100  per  cent  outdoor  air,  is  shown  in  Fig.  2,  and 
the  control  description  follows: 

Whenever  the  fan  is  running,  relay  or  solenoid  air  valve  E-l,  actuated  by  the  fan 
motor  circuit,  Is  energized,  opens  outdoor  air  damper  D-l,  and  also  permits  hygro- 
stat  H,  in  the  conditioned  space,  to  control  humidifier  valve  V-2. 

When  the  fan  stops,  E-l  closes  outdoor  air  damper  D-l  and  humidifier  valve  V-2. 

Remote  bulb  thermostat  T-2,  with  bulb  located  in  preheater  discharge,  operates 
valve  V-3  on  the  preheater  coil,  to  maintain  a  constant  preheater  discharge  tempera- 
ture. 

On  rising  temperature,  thermostat  T-l,  in  the  conditioned  space,  closes  reheater 
valve  V-l  and,  through  relay  C-l,  opens  face  damper  D-2,  for  cooling.  On  rising 
humidity  in  the  conditioned  space,  hygrostat  H  closes  humidifier  valve  V-2,  and 
likewise,  through  C-l  may  open  face  damper  D-2  for  dehumidification. 

For  closer  control,  the  face  and  by-pass  dampers  should  be  eliminated,  and  cooling 
means  continuously  provided  whenever  the  outdoor  dew-point  rises  above  a  predeter- 
mined maximum.  Reheating  and  humidifying  may  be  required  to  provide  the  desired 
conditions.  However,  such  a  system  will  be  less  economical  in  operation. 


Automatic  Control  817 

DISTRICT  CONTROL 

There  are  three  general  means  of  obtaining  centralized  control  of  heat 
output  of  radiators  in  district  heating  systems. 

1.  Controlling  the  rale  of  steam  flow  into  the  radiators.    TMs  is  accomplished  by 
equipping  the  radiator  inlets  with  orifices,  and  controlling  the  flow  of  steam  through 
them  into  the  radiator  by  controlling  the  difference  in  pressure  between  the  supply 
and  return. 

2.  Controlling  the  temperature  of  steam  in  the  radiators  by  varying  its  pressure. 
This  involves  the  use  of  high  vacuums  to  obtain  low  steam  temperatures.    This  must 
be  supplemented  by  some  other  type  of  control  for  low  heat  output. 

3.  Controlling  the  length  of  time  steam  flows  into  the  radiators  by  admitting  steam 
to  a  heating  system  intermittently  and  varying  the  length  of  the  on  and  off  periods. 
Two  types  of  controls  are  used.    (1)  A  clock  control  providing  on  and  off  settings  of 
various  lengths,  which  can  be  changed  in  accordance  with  outside  temperatures.    In 
most  cases  these  changes  are  made  automatically  by  means  of  a  thermostatic  bulb, 
placed  outdoors.    (2)  A  control,  having  an  outdoor  bulb  and  a  bulb  attached  to  the 
radiator,  which  varies  the  length  and  frequency  of  the  on  intervals  in  such  a  way  that 
the  radiator  temperature  is  varied  according  to  the  outside  temperature.    In  some 
cases  heat  supply  is  controlled  by  combinations  of  the  three  methods  described. 

Before  installing  any  type  of  modern  temperature  control  equipment,  it 
is  necessary  to  see  that  the  heating  system  is  put  in  good  operating  condi- 
tion. In  general,  the  heating  system  in  a  building  is  not  given  the  attention 
that  other  mechanical  equipment  is  given  because  it  will  continue  to  func- 
tion, after  a  fashion,  even  though  changes  in  piping,  location  of  radiation, 
settlement  of  piping,  and  the  normal  wear  and  tear  or  other  changes  have 
taken  place.  Because  of  this  depreciation  of  the  system,  operation  becomes 
more  and  more  costly  and  parts  of  the  building  have  to  be  greatly  over- 
heated in  order  to  prevent  underheating  in  other  parts.  Vents,  traps, 
vacuum  pumps,  and  valves  should  be  given  a  careful  inspection  and  re- 
placed or  repaired  if  required.  The  piping  should  be  of  adequate  size  and 
graded  properly.  The  return  piping  should  be  inspected,  and  any  pockets 
or  lifts  removed  and  properly  vented.  These  inspections  and  repairs  are 
not  costly  and  may  prevent  a  much  greater  outlay  in  future  years.  In 
most  cities  district  heating  companies  will  be  willing  to  make  a  survey 
of  heating  systems  and  offer  recommendations  in  regard  to  operation  and 
changes  in  piping  layout. 

The  selection  of  control  equipment  depends  upon  the  type  and  size  of 
building  and  the  degree  of  saving  which  may  be  obtainable. 

PANEL  HEATING  CONTROL 

Automatic  controls  for  radiant  and  convective  heating  differ  somewhat 
due  to  the  thermal  inertia  characteristics  of  the  panel  heating  surface,  and 
the  increase  in  the  mean  radiant  temperature  within  the  space  under  in- 
creasing loads  for  panel  heating. 

Effect  of  Inertia  of  Panel 

If  a  panel  has  considerable  heat  storage  capacity  (as  compared  with  a 
convector  or  conventional  radiator)  it  will  continue  to  emit  heat  for  some 
time  after  the  room  thermostat  has  become  satisfied  and  shut  off  the  supply 
of  heating  medium.  This  will  cause  uncomfortably  warm  conditions  to 
exist  in  a  space.  Also,  there  will  be  a  considerable  delay  between  the  time 
the  thermostat  calls  for  heat  and  the  time  heat  is  actually  delivered  to  the 
space  (because  of  the  large  part  of  the  heat  that  must  first  be  stored  in  the 
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thermally  heavy  radiant  surface).  Whenever  inertia  exists  in  the  source 
of  heat  supply,  uncomfortable  cycling  of  space  conditions  will  result  unless 
means  of  anticipating  load  changes  before  they  occur  in  the  space,  or  means 
of  setting  the  basic  energy  supply  rate  from  load  conditions,  are  provided. 

If  a  thermally  heavy  radiant  surface  is  used,  the  primary  control  should 
be  actuated  by  outdoor  temperature  (load)  to  determine  the  basic  tem- 
perature of  the  heating  medium  supplied  to  the  radiant  surface.  To  allow 
for  variations  in  internal  load,  an  inside  thermostat  should  be  used  as  a 
high  limit;  to  reduce  further  the  heat  input  if  necessary.  If  a  thermally 
light  radiant  surface  is  used,  controls  may  be  applied  in  the  same  manner 
as  for  typical  convection  heating. 

The  terms  thermally  heavy^  and  thermally  light,  referring  to  capacity  for 
heat  storage,  are  comparative  and  descriptive  rather  than  exact.  For 
example,  a  concrete  floor  panel  in  a  frame  structure  without  insulation 
would  represent  a  heavy  panel  in  a  light  structure,  A  frame  type  (metal 
lath  and  plaster)  panel  in  a  concrete  structure  would  represent  a  light 
panel  in  a  heavy  structure.  As  indicated  previously  a  heavy  panel  in  a 
heavy  structure  provides  comfortable  conditions  if  outside  controls  are 
used  in  addition  to  the  inside  thermostat.  But  if  a  heavy  panel  is  used  in 
a  light  structure,  rapid  changes  in  outdoor  conditions  may  cause  discomfort 
in  spite  of  outdoor  controls,  because  the  structure  reacts  so  much  more 
rapidly  than  the  radiant  heating  surface. 

Compensation  for  Increase  of  MRT 

Due  to  the  increase  in  MRT  (mean  radiant  temperature)  within  a  panel 
heated  space  which  necessarily  takes  place  as  the  heating  load  increases, 
the  air  temperature  should  theoretically  be  lowered  to  maintain  comfort. 
In  ordinary  structures,  with  normal  infiltration  loads,  the  required  reduc- 
tion in  air  temperature  is  not  great  and  a  conventional  fixed  control  point 
room  thermostat  may  be  used.  If  a  large  infiltration  load  exists,  or  if  un- 
tempered  mechanical  ventilation  is  employed,  a  thermostat  with  variable 
control  point  should  be  considered.  Because  of  the  relationship  between 
MRT  and  air  temperature  in  the  space  (and  the  variable  MRT  from  point 
to  point  in  the  space)  a  conventional  type  of  room  thermostat  (either 
fixed  or  variable  control  point  as  previously  determined)  measuring  prin- 
cipally air  temperature,  should  provide  simple  and  satisfactory  control. 

Lowered  Night  Temperature 

In  general,  lowered  night  temperature  control  is  not  recommended  with 
heavy  panels,  though  it  may  be  satisfactory  with  light  panels.  Best  practice 
indicates  continuous  circulation  of  the  heat  in  a  medium  with  control  pro- 
vided to  vary  the  temperature  of  the  medium. 

INDICATING  AND  RECORDING  EQUIPMENT 
In  addition  to  the  automatic  control  of  temperature  and  humidity  con- 
ditions, visual  indication  and  permanent  chart  records  of  the  variables  in- 
volved are  desirable.  They  provide  an  accurate  check  on  the  performance 
of  the  system,  both  from  the  standpoint  of  conditions  maintained  and  cost 
of  operation.  Instruments  are  available  to  provide  accurate  records  of 
these  variables,  such  as  pressure,  temperature,  humidity,  flow  and  C02, 
which  go  to  make  up  a  complete  heating  or  air  conditioning  system.  In 
some  cases  the  control  equipment  is  provided  with  indicating  or  recording 
mechanisms  by  means  of  which  the  performance  of  the  controls  may  be 
observed  or  recorded,  and  in  other  cases  separate  instruments  are  used  for 
the  purpose. 
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MOTORS  AND  MOTOR  CONTROLS 

Fundamentals  of  Motor  Selection;  Direct  Current  Motors,  Types  and  Control 
Equipment;  Alternating  Current  Motors,  Types  and  Control  Equipment;  Gear 
Motors;  Motor  Rating;  Functions  of  Motor  Control  Equipment;  Specifica- 
tions for  Motors  and  Controls;  Glossary  of  Motor  Terms,  Enclosures, 
Speed  Classification  and  Mounting 


THE  electric  motor,  available  in  many  different  types  suitable  for  vari- 
ous services,  is  now  the  most  widely  used  form  of  prime  mover.  The 
equipment  for  starting,  controlling  and  protecting  these  motors  varies 
with  the  type  and  with  the  functions  it  is  desired  to  attain.  Motors  are 
divided  into  two  general  classifications,  alternating-current  or  direct-current, 
depending  on  the  power  source  to  be  used. 

FUNDAMENTALS  OF  MOTOR  SELECTION 

In  selecting  a  motor  for  a  particular  application  consideration  must 
first  be  given  to  the  type  of  power  supply  available.  All  machinery  has 
certain  load  characteristics  which  may  vary  with  speed.  Some  types 
may  have  a  constant  torque  over  wide  ranges  of  speed,  while  others  may 
have  changing  torques  with  changing  speed.  Consideration  should  be 
given  to  selecting  the  motor  and  the  motor  control  which  best  suit  the  re- 
quirements of  the  drive. 

The  following  characteristics  of  the  power  supply  should  be  determined: 
(1)  whether  current  is  alternating  or  direct;  (2)  voltage;  (3)  alternating 
current  phase;  (4)  alternating  current  frequency;  (5)  voltage  regulation; 
(6)  continuity  of  power. 

1.  A-C  vs.  D-C  Systems.    For  most  applications,  a-c  supply  is  satisfactory  since 
suitable  performance  can  usually  be  obtained  with  a-c  motors  and  control.    Where 
special  characteristics,  such  as  an  extra  wide  speed  range,  severe  accelerating  or 
reversing  duty  are  involved,  conversion  by  means  of  motor  generator  sets,  by  recti- 
fiers, or  in  special  cases  by  converters,  may  be  justified. 

2.  Voltage.    Standard  conditions  of  voltage  and  frequency  are^the  values  listed 
on  the  name  plate  of  the  motor.    Reasonable  horsepower  design  limits  are  given  in 
Table  1 .    Power  lines  are  often  given  voltage  ratings  known  as  nominal  system  voltages 
which  are  numerically  slightly  different  from  the  standardized  motor  voltages.  Good 
engineering  practice  is  shown  in  Table  2. 

3.  Phases.    Three-phase  power  supply  is  most  desirable,  but  only  single  phase  is 
offered  for  most  residential  and  rural  districts. 

4.  Frequency.    Sixty-cycle  systems  predominate  in  the  United  States.    In  foreign 
countries,  50-cycle  systems  are  common  and  nominal  system  voltages  are  frequently 
different. 

5.  Voltage  Regulation.    The  voltage  regulation  of  the^  power  supply  should  be 
known  in  order  to  select  motors  which  will  deliver  sufficient  torque  even  with  the 
probable  drop  in  voltage,  to  start  and  carry  the  load.    All  induction  motor  torques 
and  synchronous-motor  starting  and  pull-in  torque  vary  as  the  square  of  the  voltage. 

6.  Continuity  of  Power.    Dips  in  voltage  from  switching  or  other  line  disturbances 
may  necessitate  time-delay  undervoltage  protection,  and,  in  case^  of  synchronous- 
motors,  high  torque  designs  and  resynchronizing  control.    Sustained  low  voltage 
may  necessitate  higher  torque  motors. 

The  following  characteristics  of  the  driven  machine  should  be  determined: 
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TABLE    1.    REASONABLE    HORSEPOWER   DESIGN    LIMITS    FOR    STANDARD    MOTOR 

VOLTAGES 


POWBB  SUPPLY 

STANDABD  KOTOS 
VOLTAGE 

SUGGESTED  MINIMUM 
HOBSEPOWBB 

SUGGESTED  MAXIMUM 
HOBSEPOWEB 

Alternating  1-phase 

115 
230 

None 
None 

1 
15 

Alternating  3-phase 

110 
220 
440-550 
2300 
4000 
4600 
6600 

None 
None 

50 
100 
250 
400 

15 
200 
1000 
6000 
7500 
8000 
None 

Direct 

115 
230 
550-600 

None 
None 
1 

30 
500 
None 

(1)  mechanical  arrangement  including  position  of  motor  and  shaft,  porta- 
bility desired,  drive  connection  and  space  limitations;  (2)  speed  range  de- 
sired; (3)  horsepower  requirement;  (4)  torque;  (5)  inertia;  (6)  frequency 
of  starting. 

1.  Mechanical  Arrangement.  Arrangement  of  the  driven  machine  usually  deter- 
mines whether  a  horizontal  or  vertical  motor  is  needed.  Horizontal  motors  are  more 
generally  available  and  less  expensive;  most  grease-lubricated  ball-bearing  motors 
will  operate  in  either  position.  Fractional -horsepower  waste-packed  sleeve-bearing 
motors  are  satisfactory  for  short  periods  of  vertical  operation  where  no  thrust  is 
involved. 

If  shaft  is  tilted  for  momentary  operation,  special  construction  of  bearing  housings 
will  be  required  for  oil-ring-lubricated  sleeve-bearing  motors,  to  avoid  loss  of  lubri- 
cant. In  case  of  long  periods  of  tilted  operation,  bearings  suitable  for  end  thrust 
may  be  necessary.  Ball-bearing  motors  with  grease  lubrication  are  suitable  for 
tilted  operation. 

Most  motors  are  suitable  for  mounting  with  base  above  a  horizontal  shaft  or  to 
one  side  of  the  shaft,  provided  the  end  shields  are  rearranged.  If,  during  operation, 
the  angle  of  the  motor  (with  regard  to  the  horizontal  shaft)  changes  more  than  10 
or  12  deg,  a  ball-bearing  motor  will  usually  be  required.  Sleeve-bearing  motors  are 
also  applicable  within  the  angle  given  if  modified  oil  gages  are  provided. 

On  portable  machines,  motors  of  greater  compactness  and  less  weight  than  stand- 
ard may  be  required,  and  special  bearing  construction  may  be  needed,  except  for 
ball-bearing  motors.  Direct  connection  should  always  be  considered  where  machine 
speed  coincides  with  available  motor  speed. 

Maintenance,  efficiency,  power  factor,  space  and  initial  cost  will  determine  the 
choice  between  direct  connection  and  other  methods,  such  as  belt,  chain  or  gear  drive. 
When  direct  connection  is  possible  (where  parts  of  the  driven  machine,  such  as  shaft 
or  bearings,  are  common  with  the  motor  structure)  a  built-in  construction  may  be 
advantageous. 

Belt  Drive.  Diameters  and  widths  of  pulleys  or  sheaves  and  center  distances  are 
factors  in  determining  motor-bearing  pressures  and  shaft  deflection.  Table  3  shows 

TABLE  2.    PKEFERBED  VOLTAGE  RATINGS  FOE  A-C  SYSTEMS  AND  EQUIPMENT* 


NOMINAL  ST&TEM  VOLTAGB 


RATED  MOTOR  VOLTAQB 


Polyphase 


Single-phase 


120 

120/208 

240 

480 

600 

2400 

4160 
4800 
6900 


110 


440 

550 

2300 

4000 
4600 
6600 


115 
115 

230 


a  From  EEI-NEMA  interim  report  Preferred  Voltage  Ratings  for  A-C  Systems  and  Equipment. 
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TABLE  3.    HOBSEPOWEB  LIMITS  FOE  TWO-BEABING  MOTOKS 
Flat  &  V-Belt  and  Chain  Drive 


MOTOB  SPEED 

Upm 

FLAT  BELT  DKXVB 
Max  Hp 

V-BELT  &  CHAIN  DRIVE 
Mas  HP 

Above  2400-3600  Including 
1800-2400 
1200-1800 

20 
30 
40 

20 
40 
.75 

900-1200 
750-  900 
720-  750 
560-  720 

75 
125 
150 
200 

125 
200 
250 
300 

limits  for  two-bearing  motors  and  limits  of  good  practice  for  belting.  Flat  belts 
should  not  run  at  greater  speeds  than  about  5000  fpm.  Application  of  flat  belting  to 
vertical -shaft  motors  is  difficult. 

Chain  Drive.  Application  limits  are  shown  in  Table  3.  The  chain  manufacturer 
should  be  consulted  when  higher  horsepower  and  speed  ratings  are  involved,  so  that 
the  best  drive  on  a  basis  of  quietness  and  economy  of  operation  may  be  selected. 

Gear  Drive.  Compactness  and  arrangement  of  drive  often  indicate  gear  motors, 
which  are  obtainable  in  a  variety  of  mechanical  constructions  with  speed  ratios  of 
3  to  1  upwards,  and  are  generally  limited  to  about  75  hp  maximum.  Where  the  pinion 
of  ordinary  spur  gearing  is  mounted  on  the  motor  shaft,  two-bearing  motors  should 
be  limited  to  horsepower  ratings  shown  in  chain-drive  column  of  Table  3.  Maximum 
pitch-line  speed  with  steel  pinions  is  about  1400  fpm. 

The  selection  of  the  motor  part  of  a  gear-motor  is  the  same  as  for  a  conventional 
motor. 

Space  limitations  may  affect  the  choice  of  motor  and  require  (a)  built-in  construc- 
tion, (b)  a  gear-motor,  (c)  forced  ventilation  using  an  external  blower,  or  (d)  a  small 
frame  with  Class  B  insulation  permitting  higher  temperature  rise. 

2.  Speed  Range.    Where  more  than  one  speed  or  a  range  of  speeds  is  required,  one 
of  the  motor  types  listed  in  Table  4  may  be  applicable,  depending  upon  the  power 
supply  and  the  speed  range  required.    Those  marked  (*)  have  relatively  wide  speed 
regulation,  which  may  make  them  unsuitable  for  some  loads. 

3.  Horsepower  Requirement.    The  horsepower  required  by  the  driven  machine 
determines  the  motor  rating.    Where  the  load  varies  with  time,  a  horsepower  vs. 
time  curve  will  permit  determination  of  the  peak  horsepower  required,  and  the  calcu- 
lation of  the  root-mean-square  (rms)  horsepower  indicating  the  proper  motor  rating 
from  a  heating  standpoint.     In  case  of  extremely  large  variations  in  load,  or  where 
shut-down,  accelerating,  or  decelerating  periods  constitute  a  large  portion  of  the 
cycle,  the  rms  horsepower  may  not  give  a  true  indication  of  the  equivalent  continuous 
load,  and  the  motor  manufacturer  should  therefore  be  consulted. 

Where  the  load  is  maintained  at  a  constant  value  for  an  extended  period  (varying 


TABLE  4.    SPEED  RANGES  FOB  VABIOUS  TYPES  OF  MOTORS 


POWER 
SUPPLY 

TTPB 

SPEED  RANG* 

Single 
Phase 
a-c 

*Brush-shifting  repulsion  motor 
*Capacitor-motor  with  tapped  winding 
Multi-speed  capacitor-motor 

3:1 
2:1 
2  or  3  fixed  speeds 

Poly- 
phase 
a-c 

Multi-speed  squirrel-cage 
*Wound-rotor  motor 
*2-speed  wound-rotor  motor 
Brush-shifting  shunt  motor 
*Brush-shif  ting  series  motor 
Squirrel-cage    motors    with    variable    frequency    supply 
Motor-Generator  Set—  D-c  Drive  Motor 
Rectifiers—D-c  Drive  Motor 

2,  3  or  4  fixed  speeds 
2:1 
4:1 
20:1 
3:1 
Very  wide  range 
Very  wide  range 
Very  wide  range 

d-c 

Shunt-wound  standard  constant-speed  motor  with  field  control 
*D-c  motor  with  armature  control 
Adjustable-speed  motor 
Shunt  motor  with  adjustable  voltage  supply 

2:  1  in  some  cases 
Wide 
From  3:  1  to  6:  1 
Very  wide 

*  Speed  regulation  relatively  wide.  Unsuitable  for  some  loads. 
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TABLE  5.  CLASSIFICATION  OP  MOTOKS 


POWEB 

SUPPLY 

TYPE 

SPEEB 
CHARACTER- 
ISTICS 

FULL  VOLTAGE 

HP  RANGE 

TYPE  OF 
APPUCATION 
SEE  FOOTNOTE! 

Starting 
Torque 

Starting 
Current 

Constant  Speed  Drives 


1.  Shunt 

Constant 

Normal 
(with  co 

Normal 
ntroller) 

All 

(a)  Fans  and 
(c)  centrifugal 

pumps  and 

centrifugal 

compressors 

d-e 

2.  Compound 

Variable 

High 
(with  co 

Normal 
ntroller) 

All 

(6)  (c)  (e)  Recipro- 
cating pumps 

and  frequent 

or  hard  start- 

ing 

3.  Series 

Variable 

High 

Normal 

Small 

(d)  Fana  direct  con- 

(with co 

ntroller) 

nected 

4,  Squirrel-cage 
general  pur- 

Constant; 

Normal  I- 
2.5  times 

High  6-8 
times 

All 

(a)  Fans  and 
(e)  centrifugal 

pose  Design 

pumps  and 

centrifugal 

compressors 

5.  Squirrel-cage 
DesignB 

Constant 

Normal  1- 
2.5  times 

Normal  5-6 
times 

Medium 
Small 

(a)  Fans  and 
centrifugal 

pumps     and 

centrifugal 

compressors 

6.  Squirrel-cage 
Design  C 

Constant 

High    2-2.5 
times 

Normal  5-6 
times 

Medium 
Small 

(6)  Reciprocating 
pumps 

(«)  and     compres- 

sors    started 

loaded 

Poly- 

phase 

a-c 

7.  Wound     rotor 

Constant  or 
variable 

High    1-2.5 
times 

Low        1-3 
times 

All 

(a)  Hoists 
(6)  reciprocating 

(with  second* 

try  control) 

pumps     and 

compressors 

(c)  and  frequent 

(e)  or    hard    start 

8.  Synchronous 
high    speed 

Exactly  con- 
stant 

Normal 
0.75-1.75 

Normal  5-7 
times 

Medium 
Large 

(a)  Fans  and 
centrifugal 

times 

pumps  and 

centrifugal 

compressors 

9.  Synchronous 
low  speed 

Exactly  con- 
stant 

Low  0.3-0.4 
times 

Low        3-4 
times 

Medium 
Large 

(o)  Reciprocating 
compressors 

starting    un- 

loaded 

10,  Two  value  ca- 

Constant 

High 

Normal 

Small 

(6)  Pumps    and 

pacitor 

compressors 

11.  Permanent 

Constant 

Low 

Normal 

Fractional 

(o)  Fans,    Blowers 

split  capaci- 

tor. 

12.  Capacitor  start 

Constant 

Moderate 

Normal 

Small  Frac- 

(a) Fans    and 

Single 

tional 

pumps 

phase 

a-c 

13.  Repulsion  In- 

Constant 

High 

Normal 

Medium 

(a)  Fans 

duction 

Small 

(M  pumps   and 

compressors 

14.  Split  phase 

Constant 

Normal 

Normal 

Fractional 

fa)  Fans 

and     ad- 

(&) pumps   and 

justable 

compressors 

(<Z)  fans—  direct 

f  Applications: 

a.  Drives  having  medium  or  low  starting  torque  and  inertia  (W JRS)  such  as  fans  and  centrifugal  pumps 
or  reciprocating  pumps  and  compressors  started  unloaded. 

b.  Drives  having  high  starting  torques,  such  as  reciprocating  pumps  and  compressors  started  loaded. 
e.  Similar  to  (a)  except  where  frequent  or  hard  starting  (large  W R*)  requires  a  higher  starting  and  accelerat- 
ing torque. 

<f.  Fans  direct  connected. 
«.  Stoker  drives. 
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TABLE  5.    CLASSIFICATION  OF  MOTOES — (Concluded) 


POWEB 

SUPPLY 

TYPE 

SPEED 
CHABACTER- 

I8TICS 

FULL  VOLTAGE 

HP  RANGE 

TYPE  OF 
APPLICATION 
SEE  FOOTNOTE! 

Starting 
Torque 

Starting 
Current 

Adjustable  Speed  Drives 


15.  Shunt  field 
adjustment 

Constant 

Normal          |  Normal 
(with  controller) 

All 

(a)  Fans  and 
(e)  centrifugal 

pumps 

d-c 

16.  Armature   re- 
sistance ad- 
justment 

Variable 

Normal 
(with  cc 

Normal 
mtroller) 

All 

(a)  Fans  and 
(«)  centrifugal 
pumps 

17.  Variable    vol- 
tage control 

Constant 

Normal 
(with  co 

Normal 
ntroller) 

AH 

(<£)  Fans  and 
centrifugal 

pumps 

18.  Squirrel-cage 
high       slip. 

Variable 

Normal 

Normal 

Medium 
small 

(«)  Fans 

Transformer 

adjustment 

Poly- 
phase 
a-c 

19.  Squirrel-cage 
separate 
winding    or 
regrouped 

Constant 
multi- 
speed 

Normal    or 
high 

Normal    or 
low 

All 

(a)  Fans 
(6)  pumps  and 
(s)  compressors 

poles 

20.  Wound    rotor 

Variable 

High 

Low 

All 

(a)  Fans 

(with  secondary  control) 

(6)  centrifugal 

pumps     and 

compressors 

21.  Repulsion 

Variable 

High 

Normal 

Low       and 
Fractional 

(a)   Fans,    centrif- 
ugal    pumps 

(6)  compressors 

22.  Capacitor  low 

Variable 

Low 

Normal 

Fractional 

(d)  Fans,  direct 

torque 

two  speed 

tapped 

winding 

Strgle 

Phase 

a  c 

23.  Capacitor  low 

Variable 

Low 

Low 

Fractional 

(<2)  Fans 

torque 

transformer 

adjustment 

24.  Split  phase 

Constant 

Normal 

Normal 

Fractional 

(<*)  Fans 

regrouped 

poles 

from  15  min  to  2  hr,  depending  on  the  size),  the  horsepower  rating  required  will  usually 
not  be  less  than  this  constant  value,  regardless  of  other  parts  of  the  cycle. 

If  the  driven  machine  is  to  operate  at  more  than  one  speed,  the  horsepower  re- 
quired at  each  speed  must  be  determined. 

4.  Torque.  The  torque  required  to  operate  the  driven  machine  at  every  moment 
between  initial  breakaway  and  final  shutdown  is  important  in  determining  the  type 
of  motor.  A  torque-speed  curve  is  desirable  and  sometimes  essential. 

The  starting  torque  or  breakaway  torque  required  by  the  driven  machine  may  be 
as  low  as  10  per  cent,  as  in  the  case  of  medium-sized  centrifugal  pumps,  or  as  high  as 
225  to  250  per  cent  of  full-load  torque,  as  in  the  case  of  a  loaded  reciprocating  two- 
cylinder  compressor.  The  breakaway  torque  may  vary  greatly  at  different  times 
because  of  frequency  of  start,  temperature  changes,  type  and  amount  of  lubricant, 
etc.  The  motor  torque  available  at  the  shaft  must  be  well  above  the  torque  required 
by  the  driven  machine,  taking  into  consideration  these  variables  as  well  as  the  pos- 
sibility of  low  voltage  and  the  type  of  starter  used. 

The  torque  required  after  breakaway  for  acceleration  to  full  speed  varies  with  dif- 
ferent driven  machines,  remaining  at  a  rather  high  value  throughout  acceleration 
for  such  machines  as  loaded  compressors  and  plunger  pumps.  The  torque  delivered 
by  the  motor  must  at  all  points,  up  to  full  speed,  be  in  excess  of  the  torque  required 
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by  the  driven  machine.  The  greater  this  excess  torque,  the  faster  will  be  the  accelera- 
tion.   The  approximate  time  required  for  acceleration  from  rest  to  full  speed  is: 


where 

(rpm)  =  full-load  speed  in  revolutions  per  minute. 

T  =*  average  torque  available  for  acceleration,  foot-pound, 

WR*  =  inertia  of  rotating  parts,  pound-foot  square. 

If  the  time  to  accelerate  is  greater  than  about  20  sec,  special  motors  or  starters 
may  be  required  to  avoid  overheating. 

5.  Inertia  of  Driven  Machine.  The  inertia  or  flywheel  effect  WR2  of  the  rotating 
parts  of  the  driven  machine  affect  the  accelerating  time  and,  therefore,  the  heating 
of  motors  and  control,  particularly  where  reversing  duty  or  frequent  starting  is  in- 
volved. 

Where  synchronous  motors  are  applied,  the  WR2  must  be  known,  since  the  pull-in 
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FIG.  1.  CHAKACTBRISTICS  OF  DIRECT  CTTREBNT  MOTOES 


torque  required  of  this  motor  varies  approximately  as  the  square  root  of  the  total 
W Rz  of  motor  and  load. 

TheWR*  of  a  rotating  member  of  the  driven  machine  which  operates  at  a  speed 
different  from  that  of  the  motor  may  be  converted  to  an  equivalent  value  at  the  motor 
shaft  by  multiplying  by 


'rpm  of  rotating  memberV 
^          rpm  of  motor          / 


(2) 


6.  Frequency  of  Starting.  The  frequency  of  starting  the  driven  machine  affects 
the  motor  and  control  by  increasing  their  heating,  particularly  where  accelerating 
time  js  prolonged  by  high  WR2  and  high  load  torques.  In  general,  driven  machines 
starting  more  than  4  to  6  times  per  hour  may  require  special  motors  and  control. 

DIRECT  CURRENT  MOTORS 

Direct  current  motors  are  classified  (see  Table  5)  according  to  type  of 
winding  as :  shunt  wound,  compound  wound,  and  series  wound. 

Shunt  Wound  motors,  being  suitable  for  application  to  fans,  centrifugal 
pumps,  or  similar  equipment  where  the  amount  of  starting  torque  required 
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is  relatively  small,  are  used  for  the  majority  of  direct  current  applications 
in  the  field  of  heating,  ventilating,  and  air  conditioning.  They  may  be 
used  on  reciprocating  pumps  and  compressors  if  started  under  unloaded 
conditions. 

Without  auxiliary  control  the  shunt  wound  motor  is  designated  as 
constant  speed.*  Fig.  1  illustrates  the  characteristics  of  direct  current 
motors,  showing  speed,  horsepower,  and  torque  as  a  function  of  current. 
The  speed  regulation*  of  small  size  shunt  wound  motors  from  f  hp  to  5  hp 
is  12  per  cent  as  specified  by  NEMA,  while  on  larger  motors  it  is  10  pel 
cent. 

Compound  Wound  motors  are  required  for  application  to  reciprocating 
compressors,  stokers,  reciprocating  pumps  when  started  under  loaded 
conditions,  and  other  similar  equipment  requiring  high  starting  torque. 
The  characteristics  of  this  type  of  motor  are  such  that  for  starting  torques 
above  full-load  torque  the  starting  current  required  is  somewhat  less  than 
for  the  shunt  wound  motor.  Compound  wound  direct  current  motors 
are  normally  used  whenever  frequent  starting  makes  high  starting  and 
accelerating  torque  desirable.  Without  auxiliary  control,  compound 
wound  motors  are  designated  as  varying  speed,*  and  have  a  speed  regula- 
tion of  25  per  cent. 

Series  Wound  motors  find  only  limited  application  in  a  few  special  cases 
and  are  available  in  a  limited  range  of  sizes.  The  motors  are  used  where 
extremely  high  starting  torques  are  required,  and  must  be  applied  only  to 
direct  coupled  continuous  loads  due  to  the  fact  that  the  speed  of  the  motor 
becomes  dangerously  high  when  the  motor  is  operated  at  a  light  load. 

Typical  d-c  motor  specifications  are  shown  in  Specification  A  at  end  of 
chapter. 

CONTROL  FOR  DIRECT  CURRENT  MOTORS 

Direct  Current  motors  are  usually  started  through  starting  controllers 
employing  a  resistance  in  series  with  the  motor  armature  which  is  gradually 
cut  out  as  the  motor  comes  up  to  speed.  Motors  up  to  2  hp  may  be  line- 
started  providing  the  inrush  current  causes  no  serious  voltage  fluctuations 
in  the  power  supply  line. 

Constant  Speed  and  Varying  Speed  Motors.  As  shown  in  Fig.  2,  the 
recommended  practice  for  manual  starting  of  motors  over  f  hp  requires 
the  use  of  a  fused  safety  switch  or  circuit  breaker  and  a  face-plate  type 
starter.  For  automatic  push  button  starting  a  safety  switch  or  circuit 
breaker  and  an  automatic  starter  are  recommended. 

Adjustable  Speed  motors  are  normally  shunt  wound  and  are  operated 
at  various  speeds  by  varying  a  resistance  connected  in  series  with  the 
motor  field.  A  maximum  range  of  speed  of  about  5  to  1  can  be  obtained 
by  this  means.  Rated  speed  regulation  is  22  per  cent  for  motors  of  this 
type  from  2  to  5  hp ;  15  per  cent  is  standard  in  larger  sizes.  The  NEMA 
practice  on  rating  adjustable  speed  d-c  motors  is  defined  in  the  Glossary 
at  the  end  of  the  chapter. 

The  control  for  the  adjustable  speed  motor  consists  of  the  addition  of 
a  field  rheostat  for  speed  control  to  the  equipment  specified  for  the  constant 
speed  motor. 

Adjustable  Varying  Speed*  motors  are  d-c  motors  in  which  the  speed  is 
varied  by  the  addition  of  resistance  in  series  with  the  armature.  The 
speed  of  the  motor  by  this  means  is  always  less  than  the  rated  full  field 

*  Befer  to  Glossary  at  end  of  chapter. 
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speed  and  varies  widely  with  a  change  in  load,  especially  with  high  series 
resistance.  Fig.  3  illustrates  typical  speed  characteristics  of  this  type  of 
motor  for  different  values  of  armature  resistance. 

The  addition  of  series  resistance  in  the  armature  circuit  reduces  the 
motor  speed  by  lowering  the  voltage  on  the  armature.  At  one-half  speed 
the  voltage  is  approximately  one-half  of  line  voltage.  Consequently, 
with  rated  full  load  current  the  power  delivered  by  the  motor  will  be  only 
one-half  of  the  maximum,  e.g.,  it  will  be  5  hp  from  a  10  hp  motor,  because 
the  other  5  hp  will  be  lost  in  the  resistance.  It  is,  therefore,  evident  that 
the  efficiency  of  the  motor  is  reduced  at  reduced  speeds  due  to  the  loss 
in  the  resistor. 

Control  for  the  adjustable  varying  speed  motor  is  similar  to  that  for 
the  constant  speed  motor,  with  the  exception  that  the  starting  resistor 
must  be  designed  for  speed  regulating  duty  and  must  therefore  be  capable 
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FIG.  2.  RECOMMENDED  CONTROLS  FOR  d-c  MOTORS 


MOTOR 


of  carrying  the  motor  current  continuously.  Speed  controllers  are  avail- 
able both  for  constant  torque  applications  and  varying  torque  drives  (such 
as  required  by  fans)  in  which  the  torque  is  reduced  considerably  at  reduced 

The  Adjustable  Voltage  type  of  speed  control  is  also  often  known  as  the 
variable  voltage  or  Ward-Leonard  system.  For  machines  requiring  a 
wide  range  in  speed  control  and  a  large  number  of  steps  of  control  this 
type  of  system  is  used  most  extensively. .  The  drive  consists  of  one  or 
more  d-c  motors,  the  armatures  of  which  are  supplied  with  power  from 
a  d-c  generator,  and  the  fields  of  all  machines  are  excited  from  a  constant 
voltage  exciter,  A  schematic  diagram  of  connections  for  an  adjustable 
voltage  drive  is  shown  in  Fig.  4.  In  most  cases  the  d-c  generator  is  a  part 
of  a  three-unit  set  including  a  constant  speed  a-c  driving  motor,  and  a 
constant  voltage  exciter.  As  the  voltage  on  the  generator,  and  consequently 
on  the  d-c  motor  or  motors,  is  adjusted  by  a  rheostat  in  the  generator  field 
circuit,  a  great  many  steps  are  thus  obtained  in  an  efficient  manner.  With 


Motors  and  Motor  Controls 


827 


0  50  100 

PER  CENT   FULL  LOAD  TORQUE 


ADJUSTABLE    VOLTAGE    DRIVE- 


ADJUSTABLE  VARYING  SPEED  DRIVE 

FIG.  3.  SPBJBD  TOKQTJE  CHARACTERISTICS  OF  ADJUSTABLE  VARYING  SPEED  DRIVE 
AND  ADJUSTABLE  VOLTAGE  DRIVE 

constant  field  excitation  on  the  motor,  the  speed  of  the  motor  will  vary 
approximately  as  the  voltage  on  the  generator. 

Extremely  wide  speed  ranges  are  possible  with  the  adjustable  voltage 
type  of  drive.  Ranges  as  high  as  10  to  1  are  common  and,  by  the  addition 
of  field  control  on  the  motors,  ranges  as  high  as  40  to  1  are  permissible. 
This  type  of  drive  provides  the  advantage  of  good  speed  regulation  over 
the  entire  speed  range,  as  shown  in  Fig.  3  in  which  this  type  of  drive  is 
compared  with  the  adjustable  varying  speed  drive. 

Typical  specifications  for  d-c  motor  control  are  shown  in  Specification  B 
at  end  of  chapter. 

ALTERNATING  CURRENT  MOTORS 

Alternating  current  motors  are  divided  into  two  main  classifications: 
polyphase  and  single  phase  (see  Table  5),  according  to  the  type  of  power 
supply  used.  They  are  further  subdivided  as  to  the  type  of  motor  wind- 
ing. 

When  polyphase  power  is  available  it  is  usually  found  more  economical 
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TABLE  6. 


LOCKED-ROTOR  CUEEENT  OF  THREE-PHASE,  60-CYCLE  MOTORS  AT 
220 


HP 

DESIGN 

B,  C,  AND  D 

DESIGN  F 

HP 

DESIGN 

B,  C  AND  D 

DESIGN  F 

Amperes 

Amperes 

Amperes 

Amperes 

1  or  less 

24° 

30 

435 

270 

134 

35 

40 

580 

360 

2 

45 

50 

725 

450 

3 

60 

60 

870 

540 

5 

©0 

75 

1085 

675 

7H 

120 

100 

1450 

900 

10 

150 

125 

1815 

1125 

15 

220 

150 

2170 

1350 

20 

290 

200 

2900 

1800 

25 

365 

a  The  locked-rotor  current  of  three-phase,  60-cycle,  constant-speed,  induction  motors,  measured  with 
rated  voltage  and  frequency  impressed  and  with  rotor  locked,  shall  not  exceed  the  tabulated  values. 
b  Locked-rotor  current  at  other  voltages  shall  be  inversely  proportional  to  the  voltage. 
c  For  1  hp  or  less  the  value  is  given  per  hp. 

to  apply  polyphase  motors  in  preference  to  single  phase  motors.  A  typical 
5  hp,  1200  rpm  capacitor  start-induction  run  single  phase  motor,  for  in- 
stance, will  cost  approximately  twice  as  much  as  the  corresponding  three 
phase  Design  B  squirrel-cage  motor.  In  addition,  the  polyphase  motor 
has  the  advantages  of  higher  power  factor  and  higher  efficiency. 

Polyphase  Motors 

The  three  types  of  polyphase  motors  are :  squirrel-cage  induction  motors, 
wound  rotor  induction  motors,  and  synchronous  motors. 

Squirrel-cage  motors  are  specified  by  NEMA  standards  providing  a 
variety  of  speed  and  torque  characteristics.  Design  A  motors  provide 
normal  starting  torque  at  starting  current  in  excess  of  Design  B  motors, 
and  are  suitable  for  constant  speed  application  to  equipment  such  as  fans 
and  blowers.  Design  B  motors  provide  normal  starting  torque  with 
NEMA  starting  current  values  shown  in  Table  6,  which  are  acceptable  by 
many  power  companies  for  full  voltage  starting.  They  are  used  for  the  same 
type  of  application  as  Design  A.  Design  C  motors  provide  high  starting 
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FIG.  6.  VARIATION  OF  EFFICIENCY  AND  POWER  FACTOR  WITH  LOAD  FOR  A  TYPICAL 
5  HP,  4  POLE  60  CYCLE,  DESIGN  B,  SQTTIRREL-CAGE  MOTOR 

torque  with  starting  current  same  as  Design  J5,  and  are  used  on  compressors 
started  without  unloaders,  and  on  reciprocating  pumps.  Design  D  motors 
have  high  slip*  and  are  used  with  flywheels  for  widely  pulsating  loads  on 
equipment  such  as  reciprocating  compressors  and  pumps,  where  other 
motors  would  draw  high  peak  currents. 

Figs.  5,  6,  7,  and  8  illustrate  the  characteristics  of  squirrel-cage  motors. 
It  will  be  noticed  by  inspection  of  Fig.  6  that  both  power  factor  and  effi- 
ciency are  improved  if  the  motors  are  operating  as  near  rated  load  as  pos- 
sible. In  addition,  as  shown  in  Fig,  8,  power  factor  and  efficiency  are 
better  for  higher  speed  motors. 

Typical  specifications  for  squirrel-cage  motors  are  shown  in  Specification 
C  at  end  of  chapter, 

Wound  Rotor  motors  are  used  for  applications  requiring  high  starting 
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FIG.  7.  COMPARATIVE  PERFORMANCE  OF  SQUIRREL-CAGE  MOTORS  OF  30  HP  AND 

SMALLER  SIZES 


*Refer  to  Glossary  at  end  of  chapter. 
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torque  at  low  starting  current,  because  a  wound  rotor  motor  with  Its  con- 
troller and  resistance  can  develop  full  load  torque  when  starting  with  about 
full  load  current.  For  comparison,  a  squirrel-cage  motor  would  require 
from  3  to  5  times  as  much  current  to  develop  full  load  torque  at  starting. 
The  wound  rotor  motor  is  also  used  for  varying  speed  service  to  drive  fans, 
blowers,  and  other  continuous  duty  apparatus.  Typical  specifications 
or  wound  rotor  motors  are  shown  in  Specification  D  at  end  of  chapter. 

The  addition  of  resistance  to  the  secondary  winding  of  the  wound  rotor 
motor  changes  the  speed  torque  characteristics  as  indicated  in  Fig.  9. 
The  motor  speed,  with  the  resistance  added,  is  dependent  on  load  and 


5     7     10          20     30       50   70  100        200        400 
HORSEPOWER  RATING 


FIG.  8.  EFFICIENCIES  AND  POWER  FACTORS  FOR  SQUIRREL-CAGE  INDUCTION  MOTORS 

consequently  the  motor  has  very  poor  speed  regulation  when  secondary 
resistance  is  added  to  reduce  the  speed  to  values  below  50  per  cent. 

Synchronous  motors  are  used  for  continuous  duty  applications  at  constant 
speed  where  efficiency  and  power  factor  are  important.  Another  advantage 
of  these  motors  is  that  of  lower  initial  cost  in  large  sizes,  and  for  low  speeds 
when  compared  with  squirrel-cage  type  motors. 

The  outstanding  advantage  of  the  synchronous  motor  is  that  its  power 
factor  can  be  changed  to  compensate  for  the  low  power  factor  of  other 
drives  in  the  same  location.  Lagging  power  factor  is  an  inherent  charac- 
teristic of  all  induction  apparatus,  such  as  induction  motors  and  neon 
signs.  Unless  synchronous  motors  or  capacitors  are  installed,  the  plant 
power  factor  may  be  comparatively  low.  This  does  not  necessarily  mean 
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that  corrective  equipment  must  always  be  installed,  but  in  most  cases  it 
is  desirable  to  determine  what  advantages  may  be  gained  by  improving 
the  power  factor.  With  purchased  power,  if  the  rates  include  a  clause 
embodying  a  penalty  for  low  power  factor,  or  a  bonus  for  high  power 
factor,  the  saving  in  power  costs  may  often  make  a  very  good  return  on 
the  investment  required  for  the  corrective  equipment. 

Synchronous  motors  are  used  to  drive  fans,  blowers,  pumps,  compressors 
and  other  applications.  Compressor  applications  having  a  high  peak 
torque  require  the  use  of  flywheels  to  smooth  out  power  peaks,  and  should 
always  be  referred  to  the  electrical  manufacturer  for  recommendations. 

Synchronous  motors  are  provided  with  bunt-in  damper  windings  on  the 
rotor  and  operate  during  the  starting  period  similarly  to  squirrel-cage 
motors.  After  the  motor  is  nearly  up  to  speed,  field  excitation  is  applied 
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FIG.  9.  PERFORMANCE  CHARACTERISTICS  or  A  WOUND  ROTOR 
MOTOR  WITH  EXTERNAL  RESISTANCE 

and  the  motor  draws  into  step  at  synchronous  speed.  After  excitation  is 
applied  the  motor  runs  at  exactly  constant  speed  and  will  remain  at  this 
speed  until  a  load  approaching  the  pull-out  load  is  reached,  whereupon 
the  motor  pulls  out  of  synchronism  and  stops. 

In  applying  synchronous  motors  consideration  must  be  given  to  the 
torque  the  motor  can  develop  on  pull-in,  that  is,  at  the  instant  when  field 
excitation  is  applied.  Table  7  shows  typical  application  requirements 
of  synchronous  motor  drives,  listing  starting,  pull-in,  and  pull-out  torques. 

Typical  specifications  for  synchronous  motors  are  shown  in  Specifica- 
tion E  at  end  of  chapter. 

Multi-Speed  motors  provide  flexibility  in  many  types  of  drives.  Syn- 
chronous motors  can  be  furnished  only  with  a  2  to  1  ratio  in  speed,  single 
winding.  Squirrel-cage  induction  motors  may  be  2,  3  or  4  speed.  Two- 
speed  induction  motors  are  usually  of  single  winding  type,  having  a  2  to  1 
speed  ratio  such  as  600  rpm  and  1200  rpm,  or  may  be  double  winding. 
Three-speed  induction  motors  are  always  two  winding,  and  four-speed 
motors  are  usually  two  winding  with  a  2  to  1  speed  ratio  in  each  winding. 
Motors  can  be  provided  in  constant  torque,  varying  torque,  or  constant 
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horsepower  ratings.  The  constant  horsepower  type  of  motor  is  consider- 
ably larger  than  the  constant  torque  motor,  due  to  the  fact  that  the  same 
horsepower  must  be  developed  at  either  reduced  speed  or  high  speed. 

In  selecting  two-speed  motors  for  fan,  pump,  blower,  or  compressor 
applications,  it  is  usually  found  that  two  winding  motors  are  more  expensive 
than  the  single  winding  type.  The  control  cost  for  two-speed,  two  wind- 
ing motors,  however,  is  more  economical,  and  therefore  the  combined 
price  of  both  motor  and  control  for  the  two  winding  motor  is  only  slightly 
higher.  Because  of  the  improved  performance  of  the  two  winding  motors, 
and  because  of  the  factor  of  safety  provided  by  two  independent  windings, 
the  increased  cost  is  frequently  worth  the  difference. 

Single  Phase  Motors 

Single  phase  induction  motors  have  auxiliary  windings  or  devices  for 
starting,  and  are  classified  by  the  method  used. 

TABLE  7.    TYPICAL  APPLICATION  REQUIREMENTS  OF  SYNCHRONOUS  MOTOR  DRIVES 
SHOWING  STARTING,  PULL-!N  AND  PULL-OUT  TORQUES 


APPLICATION 

METHOD  OF 
CONNECTING  MOTOB 
TO  LOAD 

STABTINO 
CONDITIONS 

TOBQTTES 

RBMABKS 

Start- 
ing 

Pull- 
in 

Pull- 
Out 

1 

Exhaust  and  venti- 
lating 

Coupled  or  belted 

Usually  loaded 

50 

60-125 

150 

WR*  of  fan  must  be 
considered 

s 

Cydoidal  positive 

Coupled  or  engine 
type 

Unloaded 

40-60 

40-60 

150 

Two-speed  motors 
sometimes  used 

Blowing  engines  re- 
ciprocating 

Engine  type 

Unloaded 

40 

40-60 

150 

Turbo  high  speed 

Direct  connected  or 
step  up  gear 

Unloaded   (in- 
take closed) 

30 

50 

150 

FR*  of  blower  must 
be  considered 

1 

Air 

Engine  type 

Unloaded 

40 

30 

150 

Flywheel  effect  im- 
portant 

Ammonia  and  am- 
monia booster 

High  speed—  belted 
LOT?    speed  —  engine 
type  occasionally 
coupled 

Unloaded  (by 
by-pass) 

40 

30 

150 

Flywheel  effect  im- 
portant 

Freon 

High  speed—  belted 
Low  speed—  engine 

Unloaded  (by 
by-pass) 

45 

50 

150 

Flywheel  effect  im- 
portant 

Gas    reciprocating 

High  speed—  belted 
Low  speed—  engine 

Unloaded  (by 
by-pass) 

40 

30 

150 

Flywheel  effect  im- 
portant 

Capacitor  start  motors  develop  high  starting  torque  in  fractional  hp  rat- 
ings, and  moderate  starting  torque  in  larger  ratings.  They  are  used  for 
constant  speed  drive  such  as  fans,  blowers  and  centrifugal  pumps.  During 
the  starting  period,  a  winding  with  a  capacitor  in  series  is  connected  to  the 
motor  circuit  and  when  the  motor  comes  up  to  speed,  a  centrifugal  switch 
cuts  the  capacitor  and  second  winding  out  of  the  circuit. 

Two-value  capacitor  motors  develop  high  starting  torque  employing  a 
starting  capacitor  and  a  running  capacitor.  The  starting  capacitor  gives 
high  starting  ability,  but  is  suited  for  short  time  operation  only,  and  is  cut 
out  for  the  running  condition  by  a  centrifugal  switch.  The  running  ca- 
pacitor gives  high  efficiency  at  full  speed.  These  motors  are  used  on 
compressors,  reciprocating  pumps  and  similar  equipment  which  may  start 
under  heavy  load. 

Permanent  split  capacitor  motors  have  low  starting  torque  and  are  ideally 


Motors  and  Motor  Controls 


833 


suited  for  small  fan  drives.  Operation  is  similar  to  the  capacitor  start 
motor  3  except  that  the  capacitor  is  not  cut  out  when  running. 

Repulsion- Induction  motors  develop  high  starting  torque.  The  motors 
have  two  rotor  windings — a  squirrel  cage  for  running  and  a  wound  rotor 
connected  to  a  commutator  for  starting.  No  switching  device  is  required 
to  change  from  starting  to  running  winding  as  this  is  accomplished  by  a 
gradual  shift  with  speed  in  the  magnetic  flux  path,  so  that  near  rated  speed 
the  motor  operates  completely  on  the  squirrel  cage  winding. 

Repulsion  Start-Induction  Run  motors  are  similar  to  the  repulsion- 
induction  motor,  but  they  have  only  the  commutator  winding.  They  are 
supplied  with  a  centrifugal  short  circuiting  switch  which  shorts  the  com- 
mutator bars  when  the  motor  comes  up  to  speed  to  obtain  a  winding  ap- 
proximately like  the  squirrel  cage  in  its  function. 


SWITCH  OPERATING    SPEED    FOR 
/REPULSION- START    INDUCTION    RUN 
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FlG.    10.    SPBED-TOBQTIE   CHABACTEBISTICS   OP  SlNGLB  PHASE  MOTOES 

Repulsion-Induction  and  Repulsion-Start- Induction  Run  motors  are 
suitable  for  applications  such  as  industrial  compressors  requiring  high  break- 
away torque  and  where  commutator  and  brush  noise  are  not  factors. 

Split  Phase  motors  have  a  high  resistance  auxiliary  winding  which  is 
in  the  circuit  during  starting,  but  is  disconnected  through  the  action  of  a 
centrifugal  switch  as  the  motor  comes  up  to  speed.  IJnder  running  con- 
ditions it  operates  as  a  single  phase  induction  motor  with  one  winding  in 
the  circuit.  These  units  are  available  for  the  small  horsepower  ratings, 
and  when  equipped  with  a  high  slip  rotor  may  be  used  for  adjustable 
varying  speeds  through  line  voltage  control.  The  motors  are  ideally 
suited  for  fan  duty. 

Speed-torque  characteristics  of  single  phase  motors  are  shown  in  Fig.  10. 
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Typical  specifications  for  single  phase  motors  are  shown  in  Specification 
"F  at  end  of  chapter. 

Full  voltage  starting  of  single  phase  motors  is  general  practice,  but  since 
most  of  these  motors  are  connected  to  secondary  distribution  systems 
located  in  light  load  density  areas,  power  companies  check  carefully  the 
starting  currents  in  order  to  prevent  objectionable  voltage  dips.  This  is 
particularly  important  for  motors  started  frequently,  such  as  those  con- 
trolled by  pressure  or  temperature  sensitive  devices  and  applied  to  re- 
frigerators, stokers,  oU  burners  and  water  pumps. 

The  report  of  a  joint  committee  of  AIEC-EEI-NEMA*  recommended 
three  application  rules  taking  into  account  the  greater  annoyances  re- 
sulting from  frequent  motor  starting  during  lighting  hours  against  infre- 
quent starting  at  any  time.  Table  8  shows  typical  applications  of  these 
rules  which  are  becoming  widely  accepted  for  full  voltage  starting.  Rules 
1  and  2  apply  to  general  use. 

TABLE  8.    RECOMMENDED  SINGLE  PHASE  MOTOR  RATINGS  FOE  FULL 
VOLTAGE  STABTING 


HP  RATING 

LOOKED-ROTOB  CUEBENT* 

AT25C 
Amperes 

GENBBAL  USB 
(Rules  1&  2) 

SPECIAL  CONDITIONS 
(WITH  UTILITY  PEEMISSION) 
(RULE  3) 

115  V 

230V 

115V 

230V 

115V 

230V 

*fio 

20 

10 

A-M 

A-M 

A-M 

A-M 

1£ 

20 

10 

A-M 

A-M 

A-M 

A-M 

y& 

20 

10 

A-M 

A-M 

A-M 

A-M 

H 

23 

11.5 

A-M 

A-M 

A-M 

A-M 

M 

31 

15.5 

M 

A-M 

A-M 

A-M 

45 

22.5 

M 

A-M 

A-M 

A-M 

54 

61 

30.5 

M 

A-M 

A-M 

1 

70 

35 

M 

A-M 

A-M 

1H 

40 

M 

A-M 

2 

50 

M 

A-M 

3 

70 

A-M 

5 

100 

A-M 

A  refers  to  automatically  controlled  devices. 
M  refers  to  manually  controlled  devices. 

*  These  values  of  Locked-rotor  current  are  the  same  as  the  NEMA  standard  for  single-phase  Design  M 
motors. 

Rule  1  limits  the  locked-rotor  current  to  20  amp  at  115  volts,  and  25 
amp  at  230  volts  when  automatically  controlled  (usually  frequently  started) 
motors  are  used.  Rule  2  permits  twice  these  values  when  manually  con- 
trolled (usually  infrequent  starting)  motors  are  used.  Rule  3  applies  to 
special  conditions  where  larger  currents  may  be  allowed  above  Rules  1 
and  2  upon  approval  of  the  electric  company. 


CONTROL  FOR  ALTERNATING  CURRENT  MOTORS 

Squirrel-Cage  motors  are  usually  linestarted  where  power  company 
limitations  permit.  In  sizes  up  to  2  hp  the  motors  are  started  by  means  of 
manual  switches  with  an  overload  current  element  for  motor  protection. 
In  larger  ratings  a  linestarter  is  usually  provided  with  either  an  addi- 
tional safety  switch  or  circuit  breaker  for  disconnecting  and  short  circuit 
protection.  Reduced  voltage  starting  may  be  either  of  manual  or  push 
button  controlled  magnetic  type.  In  specifying  this  type  of  starter  con- 
sideration- should  be  given  to  the  fact  that  starting  torque  of  squirrel- 


*  Refer  to  Glossary  at  end  of  chapter. 
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cage  motors  varies  as  the  square  of  the  applied  voltage.  For  example,  a 
motor  developing  100  Ib-ft  starting  torque  on  full  voltage  would  produce 
only  25  Ib-ft  torque  on  starting  on  half  rated  voltage.  Fig.  11  illustrates 
recommended  control  practice  for  squirrel-cage  motors.  Typical  speci- 
fications for  squirrel-cage  motor  controls  are  shown  in  Specification  G  at 
end  of  chapter. 

Wound  Rotor  motors  require  control  of  both  primary  and  secondary 
circuits.  The  primary*  control  may  be  the  same  as  for  squirrel-cage 
motors,  manual  or  magnetic,  at  full  voltage.  Secondary*  control  pro- 
vides means  of  varying  secondary  resistance  for  starting  and  speed  control. 
The  secondary  controller  should  be  specified  for  starting  duty  only,  or  for 
speed  regulating  duty.  Fig.  12  illustrates  recommended  control  practice 
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Arrangements  2, 3,  4  and  5  provide  automatic  push-button  starting. 

FIG.  11.  RECOMMENDED  CONTROLS  FOB  SQTJIBBEL-CAG®  MOTOBS 

for  wound  rotor  motors.  Typical  specifications  for  wound  rotor  motor 
control  are  shown  in  Specification  H  at  end  of  chapter. 

Synchronous  motor  starters  should  provide  pull-out  protection,  auto- 
matic synchronization  or  automatic  stopping  of  the  motor  after  pull-out, 
and  insurance  of  complete  starting  sequence,  as  well  as  overload  and  low 
voltage  protection.  The  control  may  be  either  magnetic  or  semi-magnetic 
at  full  or  reduced  voltage.  Semi-magnetic  starters  provide  automatic 
field  control,  but  require  hand  operation  for  closing  the  line  contactors  to 
start  and  transfer  to  full  voltage. 

In  applying  reduced  voltage  starters  to  synchronous  motors  it  should 
be  remembered  that,  since  these  motors  are  started  on  damper  windings 
and  during  the  acceleration  period  function  similarly  to  squirrel-cage 
motors,  the  starting  torque  varies  as  the  square  of  the  applied  voltage. 
Consideration  should  be  given  to  insure  development  of  sufficient  motor 
torque  to  accelerate  the  load.  Typical  specifications  for  synchronous 
motor  control  are  shown  in  Specification  I  at  end  of  chapter. 

*  Refer  to  Glossary  at  end  of  chapter. 
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Multi-Speed  control  may  be  either  manual  or  magnetic,  and  at  full  or 
reduced  voltage.  When  using  automatic  magnetic  control  with  two-, 
three-,  and  four-speed  separate  winding  or  consequent  pole  motors,  con- 
trol may  be  obtained  from  a  remote  point  by  means  of  a  push  button 
master  switch.  The  various  speeds  of  the  motor  are  obtained  from  the 
master  switch  by  simply  depressing  the  correct  push  button.  This  is 
known  as  selective  speed  control.  It  is  commonly  used  in  the  smaller 
theater  installations  where  the  fan  and  motor  are  located  backstage  and 
the  speed  control  is  located  in  the  lobby. 

Multi-speed  motor  controllers  may  be  provided  with  compelling  relays 
which  make  it  necessary  for  the  operator  to  press  the  first  speed  button 
before  regulating  the  motor  to  the  desired  speed.  This  insures  that  the 
motor  is  always  started  at  low  speed  before  adjusting  to  a  higher  speed. 

Timing  relays  which  provide  for  automatic  acceleration  may  be  used 
for  control  With  this  feature  the  motor  will  always  start  at  low  speed 
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FIG.  12.  RECOMMENDED  CONTROLS  FOR 
WOUND  ROTOR  MOTORS 


Arrangements  2. 3  and  4  are  optional  for  motors 
up  to  7£  hp,  220  volts. 

FIG.  13.  RECOMMENDED  CONTROLS  FOR 
SINGLE  PHASE  MOTORS 


and  automatically  accelerate  to  the  desired  speed.  Decelerating  relays 
may  be  used  to  reduce  the  shock  effect  of  the  braking  action  on  the  motor 
and  drive  when  the  speed  is  reduced  from  a  higher  to  a  lower  speed. 

Single  Phase  motor  control  usually  consists  only  of  a  linestarter,  either 
manual  or  magnetic.  In  some  cases  it  is  desirable  also  to  provide  a  dis- 
connect switch.  Fig.  13  illustrates  the  recommended  controls. 

Typical  specifications  for  single  phase  motor  control  are  shown  in  Speci- 
fication J  at  end  of  chapter. 

GEAR  MOTORS 

A  gear  motor  is  a  self-contained  combination  of  any  type  of  a-c  or  d-c 
motor  and  an  enclosed  speed-reducing  gear,  providing  a  more  compact 
and  readily  adaptable  unit  than  is  obtained  by  using  a  motor  coupled  to 
a  gear  reducer.  Gear  motors  are  available  in  sizes  up  to  75  hp  with  output 
shaft  speeds  from  about  4  to  1430  rpm,  making  it  possible  to  couple  or  to 
connect  by  gear  or  chain  to  nearly  any  machine.  High  speed  motors  are 
used,  generally  1800  rpm  on  60  cycles,  thus  obtaining  the  advantages  of 
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high  motor  power  factor  and  efficiency.  The  gearing  efficiency  is  also 
high,  usually  about  98  per  cent  for  a  single  reduction  of  the  helical  or 
spur  type,  that  is,  a  2  per  cent  loss  for  one  reduction  or  4  per  cent  loss 
for  a  double  reduction.  Consequently,  the  overall  performance  of  the 
gear  motors  is  much  higher  than  a  combination  of  open  gearing,  belting, 
countershaft,  or  other  arrangement,  which  would  otherwise  be  required. 
Gear  motors  are  used  extensively  to  drive  numerous  types  of  slow  speed 
drives.  Besides  being  more  effective  than  other  combination  drives  in 
saving  space,  they  are  important  in  reducing  maintenance  and  operating 
hazards, 

MOTOR  RATING 

The  rating  of  an  electric  motor  depends  upon  the  total  temperature 
which  the  motor  attains  under  operating  conditions.  This  total  tempera- 
ture depends  on  both  the  ambient  temperature  and  the  temperature  rise 
of  the  motor.  As  motor  temperature  rise  is  in  turn  determined  by  the 
ability  of  the  motor  to  dissipate  heat,  circulation  to  the  motor  should  not 
be  restricted.  Improper  selection  of  motors  with  regard  to  temperature 
ratings  may  result  in  high  motor  operating  temperatures  with  accompany- 
ing reduction  in  motor  life. 

In  general,  the  electrical  insulation  is  the  portion  of  the  motor  most 
susceptible  to  injury  from  high  operating  temperatures.  Of  the  several 
types  of  insulation  which  are  available,  the  most  common  type,  specified 
as  Class  A  by  the  National  Electrical  Manufacturers  Association,  consists 
of  cotton,  felt,  paper  or  similar  organic  materials,  and  permits  a  55  C  rise 
in  temperature  over  a  40  C  ambient  temperature  for  totally  enclosed 
motors.  Class  B  insulation  consists  of  mica,  asbestos,  fiber  glass,  or  simi- 
lar inorganic  materials,  and  permits  a  75  C  rise  in  temperature  over  the  40  C 
ambient  for  totally  enclosed  motors.  Other  types  of  insulation  such  as 
silicone  resin  are  available  and  permit  much  higher  operating  temperatures. 

The  mechanical  construction  of  the  different  types  of  motor  enclosures, 
and  the  rise  in  temperature  with  Class  A  insulation  for  each  type,  are  enu- 
merated in  the  glossary  at  the  end  of  this  chapter.  Since  the  difference 
between  the  hottest  spot  and  the  maximum  observable  temperature,  as 
measured  by  a  thermometer,  is  greater  for  an  open  machine  than  for  an  en- 
closed machine,  the  permissible  temperature  rise  is  50  C  for  an  open  motor. 

FUNCTIONS  OF  CONTROL  EQUIPMENT  FOR  MOTORS 

In  general,  control  equipment  for  all  types  of  motors  should  provide : 
(1)  means  of  disconnecting  the  motor  from  the  power  supply;  (2)  means 
for  starting  the  motor;  (3)  overload  protection  for  the  motor;  (4)  protec- 
tion against  low  voltage;  and  (5)  means  for  varying  the  motor  speed. 

Full  voltage  starting  for  motors  is  preferable  because  of  its  lower  first 
cost  and  simplicity  of  control.  Except  for  d-c  machines,  most  motors  are 
mechanically  and  electrically  designed  for  full  voltage  starting.  The 
starting  inrush  current,  however,  is  limited  in  many  cases  by  regulations 
of  power  companies  because  of  the  voltage  fluctuations  which  may  be 
caused  by  heavy  current  surges.  It  is  therefore  often  necessary  to  reduce 
the  starting  current  below  that  obtained  by  across-the-line  starting.  The 
power  supplier  should  be  consulted  to  determine  the  allowable  inrush  cur- 
rent for  any  given  location. 

The  choice  between  full  voltage  and  reduced  voltage  starting  is  governed 
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almost  entirely  by  inrush  current  limitations^  The  starting  torque  of  all 
motors  varies  with  the  starting  current  and  it  is  therefore  necessary  to 
insure  that  the  motor  is  supplied  with  sufficient  current  to  develop  enough 
torque  to  accelerate  the  load. 

In  present  practice  overload  protection  of  motors  is  obtained  by  use  of 
thermal  overload  inverse  time  limit  type  protection.  The  usual  setting 
of  such  protection  devices  is  not  to  exceed  125  per  cent  of  rated  full  load 
current  for  open  40  C  rise  motors,  and  not  to  exceed  115  per  cent  of  rated 
full  load  current  for  all  other  motors,  the  element  tripping  after  a  definite 
interval  of  time.  The  National  Electrical  Code  requires  the  addition  of 
fuses  or  circuit  breakers  to  protect  the  overload  elements  from  severe 
short  circuit  currents. 

Two  types  of  protection  are  available  against  low  voltage  at  the  motor 
terminals.  One  type,  called  low  voltage  release,  permits  the  motor  line 
contactor  to  drop  out  on  low  voltage  and  to  close  again  when  the  voltage 
returns  to  normal,  thereby  restarting  the  motor  when  the  abnormal  condi- 
tion is  ended.  The  second  type,  called  low  voltage  protection,  causes  the 
motor  line  contactor  to  drop  out  on  low  voltage,  but  prevents  restarting 
when  the  voltage  returns  to  normal  except  by  the  action  of  an  operator. 
This  latter  type  of  protection  is  desirable  where  it  is  necessary  for  the 
operator  to  make  initial  starting  adjustments  on  the  machine. 

Manual  control  for  an  alternating  or  a  direct  current  motor  is  usually 
located  near  the  motor.  When  so  located  an  operator  must  be  present 
to  start  and  stop  or  change  the  speed  of  the  motor  by  operating  the  control 
mechanism.  Manual  control  is  sometimes  employed  only  as  a  device  to 
give  overload  protection  and  another  device  is  employed  to  start  and  stop 
the  motor.  Manual  control  is  used  particularly  on  small  motors  which 
operate  unit  heaters,  small  blowers,  and  room  coolers  in  an  air  conditioning 
system.  In  other  cases  manual  control  in  the  form  of  drums,  when  used 
with  multi-speed  motors,  is  only  used  as  a  speed  setting  device,  while  the 
starting  and  stopping  functions  operate  automatically  through  thermostats 
and  pressure  switches. 

Because  of  the  increasing  complexity  of  air  conditioning  systems,  the 
equipment  is  operated  preferably  by  automatic  control,  and  less  dependence 
is  placed  on  manual  operation  and  regulation. 

Automatic  control  of  motor  starters  may  be  accomplished  by  the  use 
of  remote  'push  button  stations,  by  a  thermostat,  float  switch,  pressure 
regulator,  or  other  similar  pilot  devices.  An  added  advantage  of  auto- 
matic control  is  that  the  main  wiring  for  the  starter  may  be  installed  near 
the  motor,  while  the  starter  may  be  operated  by  a  control  device  located 
elsewhere. 

TYPICAL  MOTOR  AND  CONTROL  SPECIFICATIONS 
SPECIFICATION  A,    TYPICAL  SPECIFICATIONS  FOE  d-c  MOTORS 

[Constant   }  [Shunt         }  T115) 

......  Hp,  ..........  RPM,  ^AdjustableS  Speed,  ^Compound}  Wound,  {230[  Volts 

[Varying     J  [Series         J  1600J 

d-c  Motors  for  Driving  ................  ^  ..........    Motor  Shall  Be  Arranged  for 

(Application) 

Mounting  and  Shall  Be  Provided  with  a  ............................ 

*  (Open,  Splashproof,  etc.) 


Type  of  Enclosure,  NEMA  {Q|^  #}  Insulation,  and  {f^ye}  Bearings. 
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SPECIFICATION  B.    TYPICAL  SPECIFICATIONS  FOR  d-c  MOTOR  CONTROL 

[Constant  ]  ,,,         ,    * 

Control  for  ^Adjustable  Speed  d-c  Motors  Shall  Be  j^^ff-  J  and  Shall 

[Adjustable  Varying/  \Magnetic/ 

Consist  of  a  {ckcuft  Breaker}  and  an  Ericl°se<l  Controller  Providing  Overload 
Protection  [  and  Low  Voltage 


SPECIFICATION  C.    TYPICAL  SPECIFICATIONS  FOB  SQUISBEL-CAGB  MQTOBS 

r208l 
...................  Hp,  ................  RPM,  {jjj}  Cycles,  jgg   Volts,  {f}  Phase, 

(550J 

Squirrel-Cage  Induction  Motors  of  the  NEMA 

(  Design  A  —  Normal  Starting  Torque,  Starting  Current  Above  NEMA  Value] 
{Design  B—  Normal  Starting  Torque,  NEMA  Starting  Current  I    m.—-** 

]  Design  C—  High  Starting  Torque,  NEMA  Starting  Current  f    iype 

[Design  D  —  High  Slip  High  Starting  Torque  J 


Driving  ...................     Motor  Shall  Be  Arranged  for    vfa     Mounting 

(Application)  I  vertical     j 

and  Shall  Be  Provided  with  a  ......................  Type  of  Enclosure,  NEMA 

(Open,  Splashproof,  etc.) 


/Class  A\  Tr^iaf,-™    on/i  /Sleevel 
\Class  B/  lMuIatl°B»  ^d  (Ball    / 


**  Refer  to   section  on  Alternating  Current  Motors  for  explanation  of  types, 

SPECIFICATION  D.    TYPICAL  SPECIFICATIONS  FOB  WOUND  ROTOR  MOTOKS 

...........  Hp,  ..........  RPM,  tfjfy  Cycles  J  2^1  Volts,  ||J  Phase,  Wound  Rotor 

[550] 

Induction  Motors  for  Driving  ..................     Motor  Shall  Be  Arranged  for 

(Application) 


Mounting  and  Shall  Be  Provided  with  a  ............................ 

*  lj  Splashproof  }  etc.) 


Type  of  Enclosure,  NEMA    Q^®      Insulation  and          ve    Bearin§s- 


SPECIFICATION  E.    TYPICAL  SPECIFICATIONS  FOB  SYNCHKONOUS  MOTOBS 

Hp, RPM, Per  Cent  P.F., Volts,  ||j  Phase, 

( Belted    ] 

Synchronous  Motors  of  the  \  Coupled  \  Type  for  Driving 

( Engine    J  (Application) 


Motor  Shall  Be  Arranged  for   ver^fcal3'     °Peration  and  Slla11  Be  Provided  with 


a  ..................................  Type  of  Enclosure.    Motor  Shall  Be  Capable 

(Open,  Splashproof,  etc.) 
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ol  Developing  a  Starting  Torque  of Per  Cent  Full  Load  Torque,  a  Pull-In 

Torque  of Per  Cent  Full  Load  Torque,  and  a  Pull-Out  Torque  of   

Per  Cent  Full  Load  Torque,    The  Motor  Field  Shall  Be  Excited  from  a 

(Direct  Connected  Exciter! 
SotfSStor  ^{inall  Not}Be  ^ed  with  *»  Motor. 

[d-e  Bus  J 


SPECIFICATION  F.   TYPICAL  SPECIFICATIONS  FOR  SINGLE  PHASE  MOTOKS 
..........  Hp,  ..........  RPMS  |^|  Cycles,  l^o}  Volts>   Sin£Ie  Piiase  Mot°r  of 

the  ........................  Type  for   Driving    ..................    Motor   Shall 

(Capacitor,  Split  Phase,  etc.)  (Application) 


Be  Arranged  for      ertic^*     Mountin£  and  Shall  Be  Provided  with 

a    .......................  Type  of  Enclosure,  NEM.A  <rqfff  -D  >  Insulation,   and 

(Open,  Splashproof,  etc.)  l°lass  ®> 


SPECIFICATION  G.    TYPICAL  SPECIFICATIONS  FOE  SQUIRREL-CAGE  MOTOR  CONTROL 

Control  for  Squirrel-Cage  ..................  Motors  Shall  Consist  of  an  Enclosed 

(Fan,  Pump,  etc.) 


Type  oHae    Sta'ter 


VoHage 
Low  Voltage  100'    Contro1  Sha11  Include  a  Safety  Disconnect  Switch 


SPECIFICATION  H.    TYPICAL  SPECIFICATIONS  FOR  WOUND  ROTOR  MOTOR  CONTROL 

Control  for  Wound  Rotor  Motor  Control  for  .  .  Applications  Shall  Consist  of  a  Safety 

(Fan,  Pump,  etc.) 


Disconnect  Switch,  a  {(^^^0^  y|  Mounted  Across  the  Line  Starter  Providing  Over- 
load  Protection,  Low  Voltage  $££"*},  and  a  Secondary 


>.    Primary   and    Secondary   Control 
Shall  Be  Interlocked  so  as  to  Provide  Complete  Control  from  the  Rheostat  Ha  ndle 

SPECIFICATION   I.    TYPICAL  SPECIFICATIONS  FOR   SYNCHRONOUS  MOTOR   CONTROL 

Synchronous  Motor  Control  for Motors    Shall    Provide    for 

(Application) 

Be 
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{Autptransformers] 
Resistors  }•  and  Shall  Limit 

Reactors  j 

the  KVA  Inrush  to  a  Maximum  of  ...  .Per  Cent  of  Full  Load  KVA.)    The  Control 

Panel  Shall  Be  for  {Shb'oard}  *»>>***  «*  Shall  *  <* 

Construction.    It  Shall  Provide  Overload,  Under  Voltage  Protection  and  After  Pull- 

ing  Out  of  Step  Will  "6    the  Motor. 


SPECIFICATION  J.    TYPICAL  SPECIFICATIONS  FOR  SINGLE  PHASE  MOTOR  CONTROL 

Control  for  Single  Phase  ..........................    Motors    Shall    Consist   of   a 

(Fan,  Pump,  etc.) 

VoHag'e} 


Low  Voltage)  ;  and  a  Separate  Safety  Disconnecting  Switch. 


GLOSSARY 
General  Definitions 

NEMA  is  the  abbreviation  for  the  National  Electrical  Manufacturers  Association. 

AEIC  is  the  abbreviation  for  the  Association  of  Edison  Illuminating  Companies. 

EEI  is  the  abbreviation  for  the  Edison  Electric  Institute. 

Speed  Regulation  (d-c  motors)  is  the  change  in  speed  between  no-load  and  full  -load, 
expressed  in  per  cent  of  full-load  speed;  for  example,  a  motor  having  a  no-load  speed 
of  1200  rpm  and  a  full-load  speed  of  1140  rpm  would  have  a  speed  regulation  of  5.6 
per  cent. 

Slip  (a-c  induction  motors)  is  the  difference  between  the  motor  speed  and  syn- 
chronous speed  expressed  in  per  cent  of  synchronous  speed,  e.g.,  a  1200  rpm  motor 
operating  at  1140  rpm  would  nave  a  slip  of  5  per  cent. 

Torque  is  an  expression  of  the  turning  effort  developed  by  the  motor  at  the  shaft, 
and  is  usually  expressed  in  ounce-feet  for  fractional  horsepower  motors,  and  in  pound- 
feet  for  motors  of  larger  ratings. 

Primary  is  the  term  usually  applied  to  the  high  voltage  or  line  side  of  a  transformer 
or  motor.  In  the  case  of  the  wound  rotor  motor  the  primary  is  the  stator  winding. 

Secondary  is  the  term  usually  applied  to  the  low  voltage  or  load  side  of  a  trans- 
former or  motor.  In  the  case  of  the  wound  rotor  motor  the  secondary  is  the  rotor 
winding. 

NEMA  Classification  of  Motor  Enclosures 

Open  motors  (40C  rise,  rated  load,  50  C  rise,  service  factor  load)  are  self-  ventilated 
machines  having  no  restriction  to  ventilation  other  than  that  necessitated  by  me- 
chanical construction. 

Protected  motors  (50  C  rise)  have  all  ventilating  openings  in  the  frame  protected 
by  perforated  covers. 

Semi-Protected  motors  (50  C  rise)  have  the  ventilating  openings  in  the  top  half  of 
the  frame  only  protected  by  perforated  covers. 

Drip  Proof  motors  (50  C  rise)  are  so  constructed  that  drops  of  liquid  or  solid  par- 
ticles falling  on  the  machine  at  any  angle  not  greater  than  15  deg  from  the  vertical, 
cannot  enter  the  machine  either  directly  or  by  striking  and  running  along  a  hori- 
zontal or  inclined  surface. 

Splash  Proof  motors  (50  C  rise)  are  so  constructed  that  drops  of  liquid  or  solid 
particles  falling  on  the  machine  or  coming  towards  it  in  a  straight  line  at  any  angle 
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not  greater  than  100  deg  from  the  vertical,  cannot  enter  the  machine  either  directly 
or  by  striking  and  running  along  the  surface. 

Totally  Enclosed  Non-Ventilated  motors  (55  C  rise)  are  so  constructed  as  to  prevent 
exchange  of  air  between  inside  and  outside  of  the  case,  but  are  not  air  tight  and  are 
not  equipped  with  external  cooling  means. 

Totally  Enclosed  Fan-Cooled  motors  (55  C  rise)  are  similar  to  totally  enclosed,  non- 
ventilated  machines,  except  that  exterior  cooling  is  provided  by  means  of  a  fan  or 
fans  integral  with  the  machine. 

Explosion  Proof  motors  (55  C  rise)  have  an  enclosing  case  designed  to  withstand 
an  explosion  of  a  specified  gas  or  vapor  which  may  occur  within  it,  and  to  prevent  the 
ignition  of  the  gas  or  vapor  surrounding  the  motor  by  sparks,  flashes,  or  explosions  of 
the  gas  or  vapor  which  may  occur  within  the  machine  casing, 

Dust  Explosion  Proof  motors  (55  C  rise)  have  an  enclosing  case  designed  and  con- 
structed so  as  not  to  cause  the  ignition  or  explosion  of  an  atmosphere  of  the  specific 
dust,  or  to  cause  ignition  of  dust  on  or  around  the  machine.  (Proper  overload  pro- 
tection and  cleanliness  are  required  for  successful  operation). 

Water  Proof  motors  (55  C  rise)  are  so  constructed  as  to  exclude  water  applied  in 
the  form  of  a  stream  from  a  hose. 

Dust  Tight  motors  (55  C  rise)  are  so  constructed  that  the  enclosing  case  will  ex- 
clude dust. 


Motor  Speed  Classifications 

A  Constant  Speed  Motor  is  one  in  which  the  speed  remains  practically  constant  with 
changes  in  load;  e.g.,  a  d-c  shunt  wound  motor  or  a-c  squirrel-cage  motor  with  low 
slip. 

A  Varying  Speed  Motor  is  one  in  which  the  speed  varies  with  the  load,  usually 
decreasing  when  the  load  increases;  e.g.,  a  d-c  series  motor  or  an  induction  motor 
with  large  slip. 

An  Adjustable  Varying  Speed  Motor  is  one  in  which  the  speed  can  be  adjusted 
gradually,  but  when  once  adjusted  for  a  given  load  will  vary  in  considerable  degree 
with  change  in  load;  e.g.,  a  shunt  wound  d-c  motor  adjusted  by  armature  resistance 
control. 

An  Adjustable  Speed  Motor  is  one  in  which  the  speed  can  be  varied  gradually  over 
a  considerable  range,  but  when  once  adjusted  remains  practically  unaffected  by  the 
load;  e.g.,  a  d-c  shunt  motor  with  field  resistance  control.  The  standard  ratings  for 
open  type,  adjustable  speed  motors,  having  a  speed  range  of  3  to  1  and  greater  are  in 
accordance  with  the  following: 

(1)  A  standard  continuous  horsepower  rating  at  150  per  cent  of  minimum  speed 
with  a  temperature  rise  of  40  C. 

(2)  The  next  higher  standard  continuous  horsepower  rating  at  3  times  minimum 
speed  with  a  temperature  rise  of  40  C. 

&)  Between  150  per  cent  of  minimum  speed  and  3  times  minimum  speed,  the  stand- 
ard continuous  horsepower  rating  with  a  temperature  rise  of  40  G  will  vary 
with  the  speed  along  a  straight  line  connecting  these  two  horsepower  ratings. 
No  further  increase  in  horsepower  is  recognized  above  3  times  minimum  speed. 

(4)  Below  150  per  cent  of  minimum  speed  the  lower  continuous  horsepower  rating 
(see  preceding  item  1)  will  apply  with  a  temperature  rise  of  50  C. 

Example:  20/25  hp,  400  to  1600  rpm.  This  motor  may  be  rated  20  hp,  40 
C  at  600  rpm  and  25  hp,  40  C  from  1200  to  1600  rpm.  Between  600  and  1200 
rpm  the  rated  horsepower  increases  directly  with  speed  from  20  to  25  hp. 

(5)  Motors  may  also  be  rated  1  hour  with  temperature  rise  of  50  G  with  the  higher 
horsepower  rating  (see  preceding  item  2)  throughout  the  entire  speed  range. 

Example:  20/25  hp,  400  to  1600  rpm.  This  motor  may  be  rated  25  hp,  50  C. 
400/1600  rpm;  1  hour. 

Mechanical  Modifications 

Vertical  Mountings  are  available  for  such  applications  as  pumps,  agitators,  and  so 
forth.  This  type  of  application  may  require  a  special  umbrella-type  hood  to  protect 
against  dripping  liquids. 

Flanged  Mountings  are  available  for  use  where  motors  are  built  in  as  part  of  ma- 
chines. Motors  may  also  be  supplied  with  flush  plate  mountings,  suitable  for  close 
coupled  pump  and  similar  applications. 


CHAPTER  40 

SOUND  CONTROL 

Unit  of  Noise  Measurement,  Apparatus  for  Measuring  Sound,  General  Problem, 

Kinds  of  Noise,  Noise  Transmitted  Through  Ducts,  Design  Room  Noise  Level, 

Noise  Generated  by  Fans,  Natural  Attenuation  of  Duct  System,  Duct 

Sound  Absorbers,  Air  Supply  Noises,  Cross  Transmission  Between 

Rooms,  Controlling  Vibration  from  Machine  Mountings 


IN  ventilating  and  air  conditioning  a  building  or  a  room,  consideration 
must  be  given  to  the  effect  of  the  mechanical  system  on  the  acoustics 
of  the  space  conditioned.  It  is  important  to  consider  also  that  the  use  of 
air  conditioning  often  permits  keeping  the  windows  closed,  thus  giving 
relief  from  certain  external  noises,  but  at  the  same  time  increasing  the 
necessity  of  providing  adequate  sound  control. 

It  is  assumed  that  in  a  given  space  the  architect  and  acoustical  engineer 
have  produced  a  room  or  rooms  which  are  satisfactory  for  speech,  music, 
or  other  uses.  The  ventilating  engineer's  sole  function  is  to  ventilate 
and  air  condition  these  rooms  properly  so  that  they  will  be  physically 
comfortable  without  adding  any  acoustical  hazards. 

UNIT  OF  NOISE  MEASUREMENT 

According  to  an  international  standard,  the  decibel  (db]  is  the  unit 
for  expressing  sound  pressure  levels.  The  sound  pressure  level,  in  decibels, 
is  given  by  the  relation: 


where        P  »  the  sound  pressure  in  dynes  per  square  centimeter. 

The  reference  pressure  (0.0002  dynes  per  square  centimeter)  is  a  sound 
pressure  which  is  slightly  less  than  the  threshold  of  audibility,  at  the 
frequency  of  1000  cycles  per  second,  for  the  person  of  average  hearing. 
This  reference  point  is  approximately  the  minimum  sound  pressure  that 
would  be  audible  in  a  very  quiet  room  to  an  observer  having  acute  hearing. 
The  ear  is  essentially  a  pressure  operated  device;  hence,  the  sensation  of 
loudness,  or  magnitude  of  sound  is  governed  by  the  sound  pressure  existing 
at  the  point  of  reception. 

The  sound  level  meter  measures  sound  level  pressure,  the  measurement 
being  expressed  as  sound  level  on  a  decibel  scale  with  zero  corresponding  to 
the  reference  pressure  of  0.0002  dynes  per  sq  cm  at  1000  cycles.  In  the 
higher  ranges  of  the  decibel  scale,  approaching  120  db,  the  sensation  is  one 
of  feeling,  and  at  higher  levels  the  sensation  becomes  painful. 

Associated  with  sound  pressure  level  is  the  sound  intensity  level,  expressed 
in  decibels  above  a  standard  reference  intensity.  Sound  intensity  is  the 
average  rate  of  sound  energy  transmitted  through  a  unit  area  normal  to 
the  direction  of  propagation,  commonly  expressed  in  watts  per  square 
centimeter.  The  sound  intensity  level,  in  decibels,  is  given  by  the  relation: 
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db  =  10  log*  (-z-\  (2) 


where         I  =  the  sound  intensitj'  in  watts  per  square  centimeter. 

The  reference  intensity  is  10~16  watts  per  square  centimeter,  coinciding 
with  the  reference  pressure  of  0.0002  dynes  per  sq  cm  or  2  X  10~-  mierobar. 
A  mierobar  is  the  unit  of  pressure  eommonly  used  in  acoustics,  one  micro- 
bar  being  equal  to  one  dyne  per  sq  cm. 

The  relationship  of  the  decibel  scale  to  sound  pressure  and  sound  in- 
tensity is  shown  in  Table  1.  A  stated  sound  level  in  decibels,  under 
standardized  procedure,  will  thus  be  related  to  a  threshold  of  0.0002  dynes 
per  square  centimeter,  or  to  a  threshold  of  10~18  watts  per  sq  cm.  The 
standardization  upon  terminology,  procedures  and  reference  levels  may  be 
found  in  Standards1  published  by  the  American  Standards  Association. 

APPARATUS  FOR  MEASURING  SOUND 

The  measurement  of  sound  or  noise  is  conventionally  made  by  means  of  a 
sound-level  meter2  consisting  of  a  microphone,  an  amplifier,  a  variable 
attenuator,  weighting  networks,  and  an  indicating  meter  which  reads 
directly  in  decibels.  The  approved  sound-level  meter  must  comply  with 
the  specifications  of  the  American  Standard  Sound  Level  Meters  for 
Measurement  of  Noise  and  Other  Sounds,  Z24.3-1944,  approved  and 
published  by  the  American  Standards  Association.  The  meter  is  designed 
to  indicate  sound  level  above  the  standard  reference  level.  Three  measur- 
ing networks  are  generally  provided:  (1)  flat  response,  (2)  70  db  network 
and  (3)  40  db  network.  The  various  networks  are  approximations  of  the 
equal-loudness  contours  relating  intensity  and  frequency  sensation  response 
of  the  normal  human  ear.1  Where  there  are  no  specific  codes  which  specify 
the  particular  network  to  be  used,  general  practice  would  indicate  use  of 
the  40  db  network  for  sound  levels  up  to  about  55  db,  the  70  db  network 
for  sound  levels  from  about  55  db  to  85  db,  and  the  flat  response  network 
for  higher  levels.  When  sound  level  measurements  are  stated,  the  specific 
weighting  network  used,  i.e.,  40  db,  70  db  or  flat  response,  should  always 
be  reported.  Complexity  in  design  and  calibration,  and  variations  in 
component  parts  of  the  sound  level  meter  impose  some  deviation  from 
design  objective  response.  Allowable  deviations  in  response  or  accept- 
able tolerations  recognised  in  the  Standard,  vary  from  rb2  db  in  the  1000 
cycle  range  to  ±5  db,  or  more,  below  100  cycles  and  above  1200  cycles 
per  second. 

GENERAL  PROBLEM  OF  SOUND  CONTROL 

The  problem  confronting  the  air  conditioning  engineer  is  to  design  a 
system  which  will  operate  without  increasing  the  noise  level  in  the  con- 
ditioned space.  It  is  therefore  necessary: 

1.  To  determine  the  noise  level  existing  without  the  equipment. 

2.  To  ascertain  the  noise  level  which  would  exist  if  the  equipment  were  installed 
without  sound  control. 

3.  To  provide  as  a  part  of  the  installation,  sufficient  sound  control  appliances  and 
treatment  to  reduce  the  sound  level  due  to  the  installation  to  a  sound  level  at  least 
three  decibels,  and  preferably  five  decibels,  below  that  found  in  Item  1. 

To  accomplish  this  the  engineer  should  have  information  of  three  kinds : 

1.  A  knowledge  of  the  noise  levels  currently  considered  acceptable  in  various  rooms, 
in  order  that  he  may  have  a  basis  on  which  to  proceed. 
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TABLE  1 .    DECIBEL  SCALE  vs .  SOUND  PRESSURES  AND  SOUND  INTENSITIES 


DECIBEL 

LEVEL 

PXESSTTHE 

dynes  per  sq  cm 

INTENSITY 
watts  per  sq  cm 

DECIBEL 
LEVEL 

PSESSUEE 

dynes  per  sq  cm 

INTENSITY 
watts  per  sq  cm 

0 

0.000200 

1.000   X    10"1G 

40 

0.0200 

i.ooo  x  io~12 

1 

0.000224 

1.259  X  10-16 

50 

0.  0631 

1.000  X  10~11 

2 

0.000252 

1.585  X  10-16 

60 

0.200 

1.000  X  10~10 

3 

0.000282 

2.000  X  1Q~16 

70 

0.631 

1.000  X  1(T» 

4 

0.000317 

2.520  X  10~16 

80 

2.00 

1.000  X  1(T8 

6 

0.000399 

4.000  X  1Q-16 

90 

6.31 

1.000  X  10-7 

8 

0.000503 

6.310  X  lO"16 

100 

20.0 

1.000  X  10-6 

10 

0.000631 

1.000  X  10~15 

110 

63.1 

1.000  X  lO-5 

20 

0.00200 

1.000  X  10~14 

120 

200.0 

1.000  X  lO^4 

30 

0.00631 

1.000  X  10-13 

2.  A  knowledge  of  the  nature  and  intensity  of  the  noise  created  by  the  various 
parts  of  the  equipment. 

3.  A  knowledge  of  how,  when  necessary,  to  vary  and  control  the  noise  level  between 
the  equipment  and  the  conditioned  space. 

In  addition,  the  engineer  should  have  sufficient  information  to  predict 
the  levels  produced  by  noises  which  may  be  transmitted  by  the  duct 
system  from  one  conditioned  space  to  another,  or  from  an  outside  space  to 
the  conditioned  space.  In  either  case,  the  designer  must  know  the  prob- 
able noise  level  at  the  point  where  the  noise  originates.  From  this  he  can 
compute  the  attenuation  or  transmission  loss  required  in  order  to  bring 
this  level  down  to  that  required  in  the  conditioned  space.  If  there  is 
likelihood  of  direct  transmission  through  a  duct,  the  attenuation  required 
may  be  computed  as  shown  in  section  Noise  Transmitted  Through  Ducts. 
If  the  transmission  is  through  dividing  walls,  it  will  be  necessary  to  refer 
to  published  data  on  losses  through  standard  building  constructions.3 

Information  concerning  the  sound  levels  created  by  ventilating  and  air 
conditioning  equipment  such  as  fans,  motors,  air  washers  and  similar 
items,  has  not  yet  been  completely  established.  However,  numerous 
manufacturers  are  in  a  position  to  supply  such  data  upon  many  of  their 
products.  Additional  information  is  being  collected.  Uniformity  in 
method  of  test  and  presentation  of  sound  measurement  data  for  fans,  has 
been  standardized  in  the  Sound  Measurement  Test  Code  for  Centrifugal 
and  Axial  Fans,  developed  by  the  National  Association  of  Fan  Manufac- 
turers. The  Code  prescribes  that  the  sound  level  shall  be  measured  by  the 
flat  response  network  of  the  sound-level  meter.  Readings  on  the  40  db 
and  70  db  networks  may  also  be  taken  and  reported,  but  the  flat  response 
reading  is  required  to  comply  with  the  Code  requirement.  General  prac- 
tice is  to  use  the  slow  or  damped  needle  reading  of  the  meter.  The  fast 
or  undamped  needle  of  the  indicating  meter  generally  reads  one  to  two  db 
lower  than  the  slow  or  damped  meter  needle.  The  same  Code  prescribes 
a  method  of  determining  the  sound  level  reading  at  each  of  seven  stations, 
spaced  at  5  ft  from  the  outside  of  the  fan  housing,  and  located  in  a  hori- 
zontal plane  passing  through  the  fan  shaft.  The  sound  level  of  the  fan 
is  the  average  of  the  seven  readings.  The  level  so  determined  is  valuable 
primarily  for  comparative  purposes  rather  than  absolute  values.  Of  more 
value  to  the  design  engineer  would  be  the  sound  level  at  the  fan  outlet, 
and  at  the  beginning  of  the  distribution  duct  system. 

The  technique  of  sound  measurement  in  a  moving  air  stream  of  ap- 
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preciable  velocity  has  not  yet  been  mastered,  although  it  is  a  subject  of 
current  investigation.  Development  tests  indicate  that  the  sound  level 

at  the  fan  outlet  is  in  the  order  of  10  to  15  db  higher  than  the  average  value 
determined  by  the  seven-station  traverse  around  the  fan.  Where  sound 
treatment  of  a  distribution  duct  is  required,  the  initial  level  should  be  taken 
as  approximately  12  decibels  higher  than  the  reported  Code  rating  sound 
level. 

OF 

In  solving  a  sound  problem,  it  is  desirable  to  consider,  separately,  the 
several  means  by  which  noise  reaches  the  room.  This  avoids  to  some  ex- 
tent the  necessity  of  knowing  the  noise  level  at  the  source,  and  instead, 
places  the  emphasis  on  ascertaining  the  level  at  the  point  where  the 
sound  enters  the  room. 

The  noise  introduced  into  a  room  or  building  by  ventilating  or  air 
conditioning  equipment  may  be  divided  into  two  general  kinds,  depending 
on  how  it  reaches  the  room: 

1.  Noise  transmitted  through  the  ducts. 

a.  From  equipment  such  as  fans,  motors,  pumps,  sprays,  etc. 

b.  From  outside,  and  transmitted  through  duct  walls  into  air  stream. 

c.  From  duct  wall  vibrations,  transmitted  into  air  stream. 

d.  From  air  currents,  including  eddying  noises. 

e.  Cross  talk  and  cross  noises  between  rooms  connected  by  the  same  duct  system. 
/.  Noise  produced  by  the  grilles. 

2.  Noise  transmitted  through  the  building  construction. 
«.  From  machine  mountings  as  vibration. 

6.  From  equipment  through  room  wall  surfaces. 

The  next  step  in  the  solution  of  this  problem  is  to  present  data  and 
discuss  methods  whereby  solutions  of  the  noise  problem  can  be  obtained 
when  the  allowable  room  noise  level,  and  the  path  through  which  the 
noise  reaches  the  room,  are  known. 

NOISE  TRANSMITTED  BY  AIR  THROUGH  DUCTS 

Operation  of  an  air  distribution  system  results  in  the  generation  of 
noise  which  may  be  transmitted  by  air  through  the  ducts  to  the  ventilated 
or  conditioned  room.  The  transmission  of  this  noise  may  be  controlled  by 
the  proper  application  of  sound  absorptive  material  within  the  ducts. 
The  application  of  the  absorptive  material  is  a  problem  in  balancing  the 
room  noise  level  requirements  against  the  intensity  of  the  noise  generated. 
The  four  steps  in  the  problem  are : 

L  Determination  of  acceptable  room  noise  level  resulting  from  the  operation  of  the 
equipment. 

2.  Determination  of  noise  level  generated  by  the  equipment. 

Add  5  decibels  to  the  difference  between  items  1  and  2  to  obtain  the  overall  noise 
reduction  required  between  the  equipment  and  the  room.  In  the  discussion  which 
follows,  reduction  of  noise  will  be  referred  to  as  attenuation  of  noise. 

3.  Determination  of  the  natural  attenuation  of  the  duct  system. 

4.  Selection  of  the  proper  sound  treatment  for  the  duct  svstem. 

The  difference  in  decibels  between  the  overall  attenuation  required  and  the 
natural  attenuation  (3)  is  the  additional  sound  attenuation  to  be  provided  by  ab- 
sorptive materials  installed  in  the  duct  system,  or  by  special  constructions  designed 
to  absorb  sound.  Experience  has  shown,  for  example,  that  where  ventilating  re- 
quirements permit,  introduction  of  an  expansion  chamber  or  a  change  in  area  in  the 
duct  will  frequently  provide  further  reduction  in  low  frequency  noise. 
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TABLE  2.    TYPICAL  SOUND  LEVELS* 


KOOMS 

SOUND 

TO 

LEVEL  IN  D 
BE  ANTICIPA' 

ECIBEIS 
FEB 

Min. 

Bepresent- 
ative 

Max, 

Sound  Film  Studios  

10 

14 

20 

Radio  Broadcasting  Studios  

10 

14 

20 

Planetarium  

15 

20 

25 

Residence,  Apartments,  etc.  .  .  . 

33 

40 

48 

Theaters,  Legitimate  

25 

30 

35 

Theaters,  Motion  Picture  

30 

35 

40 

Auditoriums,  Concert  Halls,  etc  

25 

30 

40 

Churches  

25 

30 

35 

Executive  Offices,  Acoustically  Treated  Private  Offices. 
Private  Offices,  Acoustically  Untreated.  .  . 

30 
35 

38 
43 

45 
50 

General  Offices  

50 

60 

70 

Hospitals  

25 

40 

55 

Class  Rooms  

30 

35 

45 

Libraries,  Museums,  Art  Galleries  

30 

40 

45 

Public  Buildings,  Post  Offices,  etc  

45 

55 

60 

Court  Rooms  

30 

35 

45 

Small  Stores  

40 

50 

60 

Upper  Floors  Department  Stores  ... 

40 

50 

55 

Stores,  General,  Including  Main  Floor  Dept.  Stores.  . 
Hotel  Dining  Rooms,  

50 

40 

60 
50 

70 
60 

Restaurants  and  Cafeterias 

50 

60 

70 

Banking  Rooms  

50 

55 

60 

Factories  

65 

77 

90 

Office  Machine  Rooms  

60 

70 

80 

VEHICLES 

Railroad  Coach  

60b 

70 

80 

Pullman  Car  .  

55b 

65 

75 

Automobile  

50 

65 

80 

Vehicular  Tunnel  

75 

85 

95 

Airplane                            

75 

80 

90 

aThese  values  are  tentative.  More  detailed  measuremeets  by  D.  F.  Seacord,  Bell  Telephone  Labora- 
tories (Journal  Acoustical  Society  of  America,  Vol.  12,  pp.  183-187,  1940)  give  average  values  and  stand- 
ard-deviations of  room  noise  in  residences,  offices,  stores,  factories,  etc.,  in  large  American  cities. 

bFor  train  standing  in  station,  a  level  of  about  45  db  is  the  maximum  which  can  ordinarily  be  tolerated. 

DESIGN  ROOM  NOISE  LEVEL 

Measurements  of  sound  levels  in  various  types  of  rooms  and  locations 
have  been  observed  by  numerous  investigators,  However,  close  agree- 
ment upon  these  values  has  not  been  realized,  and  more  detailed  measure- 
ments are  needed  to  accurately  establish  the  normal  sound  levels  in 
occupied  spaces  and  enclosures  sub]  ect  to  sound  analysis  and  control.  Typi- 
cal sound  levels,  of  a  tentative  nature,  based  upon  earlier  determinations, 
are  listed  in  Table  2.  The  levels  listed  are  weighted  levels  by  the  40  db 
or  70  db  network,  depending  upon  the  range  of  level  existing.  Levels 
taken  upon  the  flat, response  network  may  be  from  5  db  to  20  db  higher, 
as  governed  by  the  predominating  frequencies  which  may  influence  the 
weighting  level. 

Table  3  lists  sound  levels  based  upon  more  recent  surveys  than  Table  2, 
and  upon  the  basis  of  the  flat  response  network.  The  flat  response  net- 
work offers  a  more  logical  correlation  of  space  sound  level  to  fan  sound 
level  which,  under  present  practice,  is  reported  upon  basis  of  the  flat 
response  reading. 

The  values  listed  were  determined  with  the  air  conditioning  or  ventila- 


848 


CHAPTER  40 


1950  Guide 


TABLE  3.  AVERAGE  SOUNB  CONDITIONS  IN  VARIOUS  TYPES  OP  ROOMS  AND  BUILDINGS* 

Flat  Response  Network 


TYPE  OP  BOOM  OK  BUILDING 

DECIBELS 

Broadcasting  studios                     .     .         .       

20-30 

(very  quiet) 

Residences,  churches,  libraries,  apartments,  auditoriums,  execu- 
tive offices  cl&ss  rooms  .  .  ...  

40-55 
(quiet) 

Hospitals,  court  rooms,  quiet  offices,  show  rooms,  small  retail 
stores,  tea  rooms,  hotel  dining  rooms,  foyers,  upper  floors  of 
department  stores,  recreation  rooms  

45-60 
(moderately 
quiet) 

Banking  rooms,  beauty  salons,  barber  shops,  general  offices, 
restaurants,  main  floors  of  department  stores,  cocktail  lounges, 
dairy  bars  taprooms  billiard  halls  ....  ... 

55-70 
(average) 

Gymnasiums,  transportation  waiting  rooms,  drug  stores,  grocery 
stores,  cafeterias,  super  markets,  recreation  halls,  post  offices, 
swimming  pools,  locker  rooms,  garages,  service  stations,  dance 
halls,  laundries,  dry  cleaners,  bowling  alleys  

65-80 
(moderately 
noisy) 

Warehouses  3  office  machinery,  field  houses,  hangars,  skating 
rinks,  loading  platforms,  packing  plants,  factories,  machine 
shops,  foundries,  forge  shops,  round  houses,  steel  mills  

75-100 
(noisy) 

a  Values  based  on  recent  surveys. 

tion  equipment  out  of  operation,  upless  such  equipment  presented  no 
acoustical  addition  to  normal  conditions.  The  windows  and  doors  were 
closed  to  simulate  the  conditions  of  normal  ^  occupancy.  In  Table  2, 
minimum,  representative  and  maximum  levels  are  given  for  each  type  of 
space,  classified  as  shown  in  the  following  paragraph.  In  Table  3,  the 
minimum  to  maximum  range  is  shown,  with  the  same  general  classification. 

Minimum  sound  level  refers  to  spaces  within  well-constructed  buildings, 
typified  by  double  windows,  carpeted  floors,  and  acoustically-treated  walls 
and  ceilings.  In  such  spaces  heavy  upholstered  furniture  is  also  usually 
used. 

Representative  sound  level  refers  to  spaces  within  average  construction 
with  average  furnishings,  and  exposed  to  external  sounds  typical  of  the 
locality  in  which  the  space  is  usually  found. 

Maximum  sound  level  refers  to  (1)  any  space  within  inexpensive  construc- 
tion where  bare  furnishings  are  used,  and  where  noise  is  normally  not  an 
important  factor,  or  (2)  spaces  in  close  proximity  to  very  intense  street 
traffic  or  industrial  noise. 

In  general,  if  the  sound  level  in  the  space  resulting  from  the  operation 
of  the  air  conditioning  equipment  only,  is  equivalent  to,  or  less  than,  the 
typical  level  (from  Tables  2  or  3  or?  better  still,  determined  by  actual  site 
measurement)  the  installation  will  prove  satisfactory.  If  the  space  level 
and  the  equipment  level  are  equal  and  heard  together,  the  resultant  level 
will  be^3  db  higher  than  either  space  or  equipment  level  alone.  However, 
to  minimize  possible  annoyance  due  to  introduction  of  single  or  distinctive 
frequency  components  from  the  equipment,  it  is  desirable  to  design  for  an 
equipment  sound  level  of  at  least  5  db  below  the  typical  space  level. 

NOISE  GENERATED  BY  FANS 

Noise  generated  by  fan  wheels  may  be  divided  into  two  classifications, 
rotational  noise  and  vortex  noise.  The  rotational  noise  may  be  described 
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FIG.  1. 


SOUND  LEVEL  CHARACTEBISTICS  OF  TYPICAL  CENTRIFUGAL,  MULTI-BLADE 

VENTILATING  FAN 


as  that  due  to  the  thrust  and  torque  applied  to  the  air.  Vortex  noise  is 
that  due  to  the  shedding  of  vortices  from  the  blade,  and  is  dependent  on  the 
angle  of  attack,  velocity,  air  turbulence,  and  blade  shape.  Vortex  noise 
is  due  to  pressure  variations  on  the  blade  as  a  result  of  variations  of  air 
circulation.  Given  the  noise  level  at  the  outlet  or  inlet  of  one  type  of 
fan  construction  under  specific  conditions  of  size,  tip  speed,  and  total 
pressure,  the  noise  levels  at  other  values  of  tip  speed,  total  pressure,  and 
size  may  be  approximated  by  the  relationships: 

1.  For  constant  size  and  point  of  rating,  the  noise  level  of  a  fan  will  increase  with 
increasing  speed. 


db  (change)  =  50  log™ 


\RPMiJ 


.(3) 


2.  For  constant  pressure  and  tip  speed,  the  noise  level  of  a  given  type  of  fan  will 
increase  with  increasing  fan  size. 


db  (change)  =  20  logio 


(4) 


Fan  size  refers  to  wheel  diameter,  housing  height  or  some  dimension  that  is  directly 
proportional  to  linear  units.  Fan  sizes  based  on  arbitrary  systems  or  systems  of 
preferred  numbers,  have  no  significance. 

The  noise  of  a  given  fan  is  not  constant  at  constant  speed  if  the  air 
delivery  changes  due  to  change  of  resistance.  In  general,  a  backward 
curved  blade  fan  is  lowest  in  noise  at  or  near  the  point  of  maximum  effi- 
ciency ;  a  forward  curved  blade  fan  at  or  between  the  point  of  maximum 
efficiency  and  shut-off ;  an  axial  flow  fan  at  or  between  the  point  of  maximum 
efficiency  and  free  delivery.  The  noise  level  of  a  double  width  fan  may  be 
taken  as  3  db  higher  than  for  a  similar  single  width  fan  operating  under  the 
same  conditions  of  speed  and  pressure. 

The  sound  level  characteristic  curve  of  a  typical  ventilating  fan  of  the 
centrifugal  multi-blade  type  is  shown  in  Fig.  1.  The  accented  portion 
of  the  curves  denotes  the  range  of  minimum  sound  emission.  The  selection 
and  application  of  the  fan  should  be  made  within  such  good  application 
range  where  quietness  of  operation  is  of  major  consideration.  The  various 
types  of  fans  available  possess  individual  sound  level  characteristics 
throughout  their  range  of  possible  operation.  Recourse  to  standard  test 
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THOUSANDS    OF    C.F.M.    OF    STANDARD    AIR 

FIG.  2.    SOUND  LEVEL  CHARACTERISTICS  OF  TYPICAL  VANEAXIAL  FAN 

rating  information  should  be  made  to  arrive  at  the  sound  emission  of  a 
particular  type. 

In  general,  that  size  of  fan,  which  is  so  selected  as  to  operate  at  or  near 
peak  static  efficiency,  will  also  provide  the  lowest  sound  level  attainable 
with  the  particular  type  and  design  of  fan. 

The  characteristic  trend  of  the  sound  level  curve  of  a  typical  vaneaxial 
fan,  adaptable  to  moderate  pressure  ventilation  requirements,  is  shown  in 
Fig.  2^  The  sound  level  of  a  particular  fan  is  primarily  governed  by  the 
operating  speed  required  to  produce  a  desired  delivery  against  the  system 
static  pressure.  Fig.  3  illustrates  the  variation  of  fan  sound  level  in  decibels 
with  operating  speed,  the  fan  operating  in  connection  with  a  conventional 
fixed  system.  The  influence  of  high  static  pressures  is  evident  in  increased 
operating  speed  and  higher  sound  level. 

The  range  of  sound  levels  to  be  experienced  in  fan  application  is  wide- 
spread due  to  volumetric  and  pressure  requirements  which  extend  over  a 
broad  field.  ^  Fig.  4  illustrates  the  general  scope  of  sound  levels  of  centrif- 
ugal ventilating  fans  over  a  wide  range  of  volumetric  capacities  and  static 
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FIG.  4.    TYPICAL  SOUND  LEVELS  AT  POINT  OF  MINIMUM  SOUND  EMISSION  FOR 
CENTKIFUGAL  VENTILATING  FAN 

pressures.  The  sound  levels  are  based  upon  a  general  average  of  the  sound 
emission  that  can  be  anticipated  from  the  several  types  of  fans  adaptable 
to  ventilating  and  air  conditioning  duties.  The  sound  levels  are  typical  of 
the  centrifugal  fans  as  a  class,  and  specific  types  may  exhibit  sensible 
departure  from  the  charted  values.  Exact  application  should  be  based 
upon  applicable  test  data  derived  from  the  particular  equipment  under 
consideration. 

NATURAL  ATTENUATION  OF  DUCT  SYSTEM 

Straight  Sheet  Metal  Ducts.  The  attenuation  of  sound  in  straight  sheet 
metal  ducts  is  a  function  of  the  length,  shape,  and  size  of  the  duct.4 
Attentuation  values  are  given  in  Table  4,  In  general  this  attenuation  is 
so  negligible,  except  for  long  runs,  that  it  may  be  disregarded  for  all  practical 
purposes. 

Elbows  and  Transformations.  Due  to  reflective  interference>  attenuation 
will  take  place  at  elbows  and  transformations.  The  magnitude  of  the 
attenuation  will  depend  on  the  size  and  abruptness  of  the  elbow  or  trans- 
formation as  shown  in  Table  5, 

When  the  area  of  a  duct  increases  abruptly,  an  attenuation  of  noise 
level  takes  place  in  the  duct.  In  duct  design  practice  the  total  area  of 
the  branch  ducts  is  greater  than  the  supply  duct.  Similarly  with  outlets, 
the  area  of  the  outlet,  plus  the  area  of  the  duct  after  the  outlet  is  greater 
than  the  duct  area  before  the  outlet.  Therefore  in  an  outlet  run,  attenua- 
tion occurs  in  the  duct  as  it  passes  each  outlet.  Table  6  gives  the  db 
reduction  for  various  ratios  of  total  branch  duct  and  outlet  area  to  supply 
duct  area. 

Grilles  to  Room.  The  large  abrupt  change  in  area  between  the  grilles  and 
the  surfaces  within  a  room  results  in  an  appreciable  noise  attenuation. 

TABLE  4.    ATTENUATION  IN  STBAIGHT  SHBKT  METAL  DUCT  RUNS 


DUCT 

SIZE,  IN. 

ATTENUATION 
PER  FT,  db 

Small  

6x6 

0.10 

Medium      .  ..                             ... 

24x24 

0.05 

Larsre  .    .«  .....^...   «..      «..»..*...«..  

72x72 

0.01 
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TABLE  5.    ATTENUATION  OF  ELBOWS* 


ELBOW 

SIZE,  IN> 

ATTENUATION 
PER  ELBOW,  db 

Very  small                                    

2  wide 

3 

Small                                           

3  to  15 

2 

Medium                            

15  to  36 

1.5 

Large  ,       ..  

36  plus 

1 

aThe  attenuation  in  vaned  elbows  should  be  considered  the  same  as  in  elbows  having  the  same  dimen- 
sions as  the  radius  of  curvature  of  the  vanes.  If  the  vanes  are  lined  for  the  purpose  of  damping  any  vibra- 
tions in  them,  one  third  may  be  added  to  the  attenuation  values  listed. 

fcThese  attenuation  values  are  based  on  elbows  having  a  center  line  radius  1.5  to  2  times  the  diameter 
or  width  of  the  duct.  The  attenuation  will  be  greater  if  the  ratio  is  less  than  1.5  and  less  when  the  ratio  is 
greater  than  2. 

This  attenuation  is  a  function  of  the  total  grille  area  (supply  and  return) 
and  the  total  sound  absorption  of  the  room  in  sabins.  (The  sound  absorp- 
tion of  a  room  in  sabins  is  the  summation  of  the  products  of  each  surface  of 
the  room  measured  in  square  feet-  multiplied  by  its  corresponding  absorption 
coefficient.  The  sabin  is  a  unit  of  sound  absorption  equivalent  to  the 
absorption  of  one  square  foot  of  a  totally  sound-absorbent  surface).  The 
attenuation  is  given  in  Equation  5  as : 


db 


/Attenuation  bet  ween  \ 


Total  Room  Absorption  in  Sabins 


\     grilles  and  room     /  °§1°  Total  Grille  Area 


(5) 


Values  in  Table  7  approximate  the  attenuation  for  various  rates  of  air 
change,  and  general  types  of  room  surfaces. 

DUCT  SOUND  ABSORBERS 

The  difference  between  the  required  sou&d  attenuation  and  the  natural 
attenuation  must  be  supplied  by  the  proper  sound  treatment  of  the  ducts. 

Selection  of  the  Absorptive  Material 

When  a  sound  wave  impinges  on  the  surface  of  a  porous  material,  a 
vibrating  motion  is  set  up  within  the  small  pores  of  the  material  by  the 
alternating  sound  waves.  As  the  ratio  of  the  cross-sectional  area  of  the 
pores  to  their  interior  surface  is  small,  the  resistance  to  the  movement  of 
air  in  the  pores  is  large.  This  viscous  resistance  within  the  pores  of  the 
material,  converts  a  portion  of  the  sound  energy  into  heat.  The  decimal 
fraction  representing  the  absorbed  portion  of  the  incident  sound  wave  is 
called  the  absorption  coefficient.  Considerable  absorption  may  also 
result,  particularly  in  the  low  frequency  range,  from  the  flexural  vibrations 
of  the  duct.  In  the  selection  and  application  of  the  absorptive  material, 
the  following  points  should  be  considered: 

TABLE   6.    ATTENUATION  AT  DUCT  BBANCHES   OR   OUTLETS 


RATIO 

ATTENUATION 

BRANCH  DUCT  -f  OUTLET  AREA  Qr  SUM  OF  BRANCH  AREAS 

PER 

TRANSFORMATION,  db 

SUPPLY  DUCT  AREA              *     SUPPLY  Ducx  AREA 

1.00 

0.0 

1,20 

0.8 

1.35 

1.3 

1,50 

1.8 

1.75 

2.5 

2.00 

3.0 
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1.  For  the  absorption  of  the  low  frequencies  below  500  cycles  per  second  the 
material  should  be  at  least  1  to^2  in.  thick.    Thin  materials,  particularly  when 
mounted  on  hard  solid  surfaces,  will  absorb  the  high  frequencies  and  reflect  the  low. 

2.  In  order  to  provide  as  much  low  frequency  noise  absorption  as  possible  by 
means  of  flexural  vibration,  it  is  desirable  to  fasten  the  absorptive  panels  discon- 
tinuously.    This  result  may  be  attained  to  some  extent  by  spot  cementing,  but  better 
results  are^obtained  when  it  is  possible  to  fasten  the  absorptive  panels  to  furring 
strips,  leaving  an  air  space  behind.    However,  the  exact  resonance  characteristics  of 
the  panels,  and  thus  their  absorption,  are  so  unpredictable  that  flexural  vibration 
cannot  be  relied  upon  for  a  specific  value  of  attenuation. 

Requirements  for  a  good  sound  absorption  material  are:  (1)  high 
absorption  at  low  frequencies,5  (2)  adequate  strength  to  avoid  breakage, 
(3)  fire  resistance  and  compliance  with  national  and  local  code  require- 
ments, (4)  low  moisture  absorption,  (5)  freedom  from  attack  by  bacteria 

TABLE  7.    APPKOXIMATE  ATTENUATION  BETWEEN  GRILLES  AND  ROOM 


OUTLET 
VELOCITTT 

FPM 

AIR  CHAKGS 

MIN. 

LIVE  RooM1' 
a*  «  0.05 
db 

MEDIUM 

H.OOMO 

a  =  0.1S 
db 

BEAD 
ROOM* 
a  *=  0.25 
db 

5 

11 

16 

18 

10 

14 

19 

21 

500 

15 

16 

21 

23 

20 

17 

22 

24 

5 

13 

18 

20 

10 

16 

21 

23 

750 

15 

18 

23 

25 

20 

19 

24 

26 

5 

14 

19 

21 

10 

17 

22 

24 

1000 

15 

19 

24 

26 

20 

20 

25 

28 

5 

45 

20 

22 

10 

18 

23 

25 

1250 

15 

20 

25 

27 

20 

21 

26 

28 

ft  Average  absorption  coefficient  for  the  room. 

t  bLive  room-average  absorption  coefficient  0.05.  Bare  wood  or  concrete  floor — hard  plaster  walls  and 
celling — minim  nm  of  furniture. 

«Medium  room-average  absorption  coefficient  0.15.  Carpeted  floor,  upholstered  furniture,  hard 
plaster  walla  and  ceiling  or  bare  room  with  acoustically  treated  ceiling^ 

dDead  room-average  absorption  coefficient  0.25.  Heavy  carpeted  floor.  Walls  and  ceiling  acoustically 
treated.  Upholstered  furniture. 

and  algae,  (6)  low  surface  coefficient  of  friction,  (7)  particles  should  not 
fray  off  at  the  higher  design  velocities,  and  (8)  freedom  from  odor  when 
either  dry  or  wet. 

With  every  application,  the  use  of  sound  absorptive  material  should  be 
considered  in  the  dual  function  of  insulation  and  sound  absorption.  It  has 
been  shown  theoretically6  that  the  reduction  (in  decibels  per  linear  foot) 
of  sound  transmitted  through  a  duct  lined  with  sound  absorbing  material, 
is  related  in  a  rather  complicated  manner  to  the  size  and  shape  of  the 
duct,  to  the  frequency  of  the  sound,  and  to  the  sound  absorbing  char- 
acteristics of  the  lining.  Experimental  evidence  likewise  indicates  that 
there  is  no  simple  formula  involving  the  variables  which  will  apply  accu- 
rately to  all  cases.  However,  it  may  be  stated  generally  that  the  attenua- 
tion in  decibels  at  a  given  frequency  is  directly  proportional  to  the  length  of 
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lined  duct.  It  decreases  as  the  cross-sectional  area  increases,  and  increases 
as  the  aspect  ratio  is  increased. 

The  noise  reduction  varies  to  a  considerable  extent  with  the  frequency 
of  the  sound.  In  calculating  noise  reduction,  consideration  should  be 
given  both  to  the  comparative  efficiency  of  the  duct  lining  material  at 
different  frequencies,  and  to  the  frequency  distribution  of  the  noise  to  be 
quieted.  In  the  case  of  fan  noise,  it  is  recommended  that  calculations  be 
based  upon  the  predominant  frequency  component  in  the  fan  sound  level 
spectrum.  Normally,  most  of  the  sound  energy  is  in  the  region  of  this 
frequency,  which  generally  corresponds  to  the  blade  frequency  and  is  equal 
to  rpm  X  no.  of  blades  -s-  60. 

Where  the  noise  reduction  is  calculated  upon  the  basis  of  the  funda- 
mental frequency  component,  the  treatment  indicated  as  required  should 
be  ample  for  the  harmonics  which  are  more  easily  absorbed  than  the  funda- 
mental. In  quieting  noise  due  to  air  turbulence  and  eddy  currents  where 
high  frequencies  predominate,  the  frequency  1024  should  be  used. 

Since  ventilating  system  noise  contains  many  frequencies,  an  exception 
should  be  noted  to  the  previous  statement  that  attenuation  in  decibels  is 
directly  proportional  to  length  of  duct.  Most  sound  absorbent  materials 
are  more  efficient  at  high  frequencies  than  at  low  frequencies.  In  con- 
sequence, the  attenuation  in  the  first  five  or  ten  feet  of  lined  duct  will  be 
greater  because  the  high  frequencies  are  being  absorbed.  Thereafter, 
since  low  frequencies  will  be  predominant,  the  overall  noise  attenuation 
per  foot  will  gradually  be  less. 

Duct  Lining 

By  far  the  most  commonly  used  method  of  obtaining  sound  absorption 
in  ventilating  systems  is  to  line  the  duct  with  absorbing  material.  It  is 
usually  more  convenient  to  line  all  four  sides  of  the  duct,  but  a  lining  on  one 
side  over  a  longer  length  of  the  duct  will,  in  general,  give  the  same  effect 
for  the  same  area  of  applied  acoustical  material.  Subject  to  certain 
restrictions,  the  attenuation  of  a  fully  lined  duct  to  single-frequency  sounds 
may  be  expressed  by  the  approximate  Equation  6:7 


oH  (6) 

J3, 

where 

R  «  attenuation,  decibels. 

L  =  length  of  lined  duct,  feet. 

P  —  perimeter  of  duct,  inches. 

A  =  cross-sectional  area  of  duct,  square  inches. 

a  =  absorption  coefficient  of  lining. 

This  formula  was  empirically  developed  for  a  set  of  duct  sizes  ranging 
from  9  x  9  in.  to  18  x  18  in.,  for  cross-sectional  dimension  ratios  of  1 : 1  to 
2:1,  for  frequencies  between  256  and  2048  cycles,  and  for  absorption 
coefficients  between  0.20  and  0.80.  The  duct  lining  material  used  was  1 
in.  rock  wool  sheet.  In  Table  8  are  listed  the  absorption  coefficients  of  a 
material  of  this  type  in  one-half  and  one  inch  thickness. 

It  is  also  possible  to  calculate  the  absorption  by  a  very  complicated 
mathematical  theory.8-*  Such  calculations  are  in  substantial  agreement 
with  Equation  6.  This  equation  may  be  in  error  when  applied  to  other 
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TABLE  8.    ATTENUATION  DATA  FOE  TYPICAL  1  IN.  AND  |  IN.  THICK  DUCT 

LINING  BOABD 


1-J.NCH  THICKNESS 

f-Iwca:  THICKHKSS 

FREQUENCY 

cycles  per 
second 

Absorption 
Coefficient 
a 

OM 

Attestiatiou 
<I6 

Absorption 
Coefficient 

-" 

Attentiation 
db 

P 

P 

128 

0.29 

0.17 

2.1  l£ 

0.13 

0.06 

0.8  L~ 

A 

A 

256 

0.51 

0.39 

4.9  Lj 

0.25 

0.15 

1.9  L? 

A 

-A 

P 

P 

512 

0.70 

0.60 

7.6  L| 

0.40 

0.28 

3.5  Lj 

1024 

0.80 

0.73 

9.2  L| 

0.72 

0.63 

7.9  L  £ 

P 

P 

2048 

0.79 

0.72 

9.1  Lj 

0.78 

0.71 

8.9  Lf 

types  of  duct  lining  and  to  duct  sizes  and  shapes  greater  than  those  specified. 
An  empirically-derived  chart10  representing  the  average  experimental  data 
on  a  number  of  different  types  of  materials,  is  shown  in  Fig.  5.  Since 
individual  materials  vary,  the  curves  of  Fig.  5  are  given  only  as  repre- 
senting the  best  available  averages  for  duct  sizes  of  cross-sections  from 
6  x  6  in.  to  48  x  48  in.  The  dotted  lines  are  plotted  from  Equation  6  and 
show  that  the  slope  is  materially  different  from  the  average  values. 

Rectangular  Cells  (Plate  or  Cell  Absorbers) 

If  the  length  of  duct  from  the  main  duct  to  the  grille  is  shorter  than  the 
length  of  lining  indicated  by  Equation  6,  the  duct  may  be  subdivided  into 
smaller  ducts  as  shown  in  Fig.  6,  or  it  can  also  be  even  more  subdivided  by 
an  egg-crate  construction.  In  such  a  construction  in  which  all  the  sub- 
divided ducts  are  the  same  size,  sound  will  be  equally  absorbed  down  each 
channel.  It  is,  therefore,  only  necessary  to  calculate  the  sound  attenuation 
of  an  individual  channel.  For  this,  Equation  6  is  adequate. 

When  the  number  of  splitter  plates  or  cell  partitions  is  large,  the  percent- 
age free  area  of  the  gross  duct  size  may  be  materially  reduced.  This  leads 
to  a  further  sound  attenuation.  Values  of  the  attenuation  possible,  due  to 
this  cause,  are  given  in  Table  9. 


0.2         0.3      0.4         0.6     0.8     1  2  34  68     10 

ATTENUATION,  DECIBELS  PER  FT 

FIG.  5.  SOUND  ATTENUATION  FOB  VARIOUS  ABSORBING  DUCT  LINERS 
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FIG.  6.    ACOUSTIC  TBBATMBNT  OF  DUCTS 

A.  Unlined  metal  duct. 

B.  Absorption  lined  duct  (Case  1). 

C.  Splitter  plate  type  absorber  (Case  2).  (Channels  20  in.  x  3.33  in.  inside). 

D.  Cell  type  absorber,  (Cells  5  in.  x  3.33  in.  inside). 
1  in.  thick  absorption  material  in  all  cases. 

Sample  Calculations  for  Duct  Treatment 

Example  1.  An  air  conditioning  installation  is  to  be  installed  in  a  small  theater. 
Bet  ermine  the  necessary  sound  treatment  for  the  air  distribution  system  to  provide  a 
satisfactory  noise  level  in  the  theater  utilizing  these  conditions: 

Fan  tip  speed  4000  fpm,  total  pressure  1.25  in 77      db 

Acceptable  room  noise  level  (Table  2) 40      db 

Required  attenuation 37      db 

Solution:  Natural  attenuation  of  supply  duct. 

Sheet  metal  duct  50  ft  long  48  in.  x  36  in.  (Table  4)  50  x  0.01 0.5  db 

Elbows,  two  size  48  in.  x  36  in.  (Table  5)  2  x  1. 2.0  db 

Attenuation  grilles  to  theater  air  change  10  min  (Table  7)  outlet 

velocity  1000  fpm 22.0  db 

Total  natural  attenuation 24.5  db 

Difference  between  required  and  natural  attenuation,  37  minus  24.5,  is  12.5  db.  This 
attenuation  must  be  supplied  by  sound  treatment  in  the  duct,  either  in  the  form  of 
duct  wall  lining  or  rectangular  cells  of  the  plate  or  cell  absorber  arrangement. 

A  similar  analysis  of  the  return  duct  system  shows  that  15  db  attenuation  is  to  be 
furnished  by  absorptive  material.  An  inspection  of  the  installation  shows  that  the 
lining  of  the  plenum  on  the  suction  side  of  the  fan  would  prove  the  most  economical, 
where  it  would  secure  the  dual  function  of  heat  insulation  and  sound  absorption. 

Example  0.  A  10  x  20  in.  duct  is  connected  to  a  private  office  space  in  a  quiet  loca- 
tion. Determine  the  length  of  lining  necessary  to  attenuate  averaga  fan  noise 
satisfactorily,  using  a  lining  material  of  a  type  to  which  Equation  6  applies,  and 
having  an  absorption  coefficient  of  0.40  at  256  cycles.  Assume  that  the  duct  is  only 
12  ft  long  as  shown  in  Fig.  6,  and  that  a  30  db  reduction  is  required  in  this  length. 

Solution: 
Case  1.  (No  splitters,  duct  lining  only).  From  Equation  6, 


R 


12.6  X  12  X      r  X  0.40"  - 
200 


•  13  db. 


TABLE  9.    END  REFLECTION  OF  PLATE  OR  CELL  ABSOEBEBS 


Percentage  free  area  of  absorber  

50 

40 

30 

25 

20 

Attenuation  db  

1 

2 

4 

5 

6 
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FIG.  7.  ABSORPTION  PLENUMS  WITH  AND  WITHOUT  SOUND  CELLS 

Case  #.  (Two  1  in.  splitter  plates,  3  channels  each  20  in.  X  V- in.).  From  Equation  6, 

467 

tf«  12.6  X  12  X  -^-  X  4.401-4  -  29  db. 
66.7 

Additional  attenuation  may  be  obtained  by  using  additional  splitter  plates  or  use 
of  egg-crate  arrangement  of  absorbing  material  and  application  of  Equation  6. 

Plenum  Absorption 

In  systems,  where  individual  ducts  are  directed  to  a  number  of  rooms 
and  sound  treatment  is  required  in  every  duct,  a  sound  absorption  plenum 
on  the  fan  discharge  as  shown  in  Fig.  7  will  often  prove  the  most  economical 
arrangement.  The  absorption  in  the  plenum  may  be  approximated  by 
Equation  7. 


db  (Attenuation) 


Plenum  Absorption  in  Sabins 
Area  Fan  Discharge 


(7) 


The  area  of  the  plenum  should  be  at  least  ten  times  as  great  as  the  fan 
discharge  area.  The  plenum  should  be  lined  with  2  in.  of  muslin  covered 
rock  wool  blanket,  or  1  in.  sound  absorbing  board  preferably  nailed  to 
wood  strips  on  the  inside  of  the  plenum.  With  such  a  lining  the  plenum 
is  particularly  effective  in  reducing  low  frequency  fan  noise.  The  absorp- 
tion of  the  plenum  in  sabins  is  the  sum  of  the  products  of  each  interior 
area  of  the  plenum  measured  in  square  feet  multiplied  by  its  corresponding 
absorption  coefficient. 

Outlet  Sound  Absorbers 

Outlet  sound  absorbers  are  rectangular  or  plate  cells  installed  directly 
behind  an  outlet  or  they  may  be  the  lining  of  a  pan  or  plaque  outlet. 
They  are  particularly  effective  in  the  elimination  of  high  frequency  whistles 
which  are  generated  by  air  flow  in  the  ducts.  They  are  also  employed  in 
large  systems  with  long  runs  where  only  a  few  outlets  near  the  fan  require 
treatment.  Frequently  outlet  cells  are  the  only  means  of  correcting 
existing  noisy  installations,  as  the  duct  sections  directly  behind  the  outlets 
may  be  the  only  sections  accessible  for  treatment.  (See  Fig.  8) 

AIR  SUPPLY  OPENING  NOISES 

When  air  is  introduced  into  a  room  through  a  grille  or  register  at  a 
constant  velocity,  sound  energy  is  being  introduced  into  the  enclosure  at 
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FIG.  8.  OUTLET  CELLS  FOB  PAN   OUTLETS  OB  GBILLES 

a  constant  rate.11  Due  to  partial  reflection  at  the  boundaries  of  the  en- 
closure, the  intensity  of  sound  at  any  point  in  the  space  builds  up  to  some 
maximum  value.  In  a  large  room  at  a  point  remote  from  the  source  of 
sound  (the  supply  opening)  the  intensity  can  be  shown  to  be  substantially 
proportional  to  the  rate  at  which  sound  energy  is  generated,  and  inversely 
proportional  to  the  number  of  sound  absorption  units  (sabins)  in  the 
room.  It  would  thus  appear  that  doubling  the  sound  absorption  of  the 
room  would  halve  the  intensity  and  result  in  a  noise  level  decrease  of  3  db. 
Grille  noise  is  similar  in  character  to  fan  vortex  noise.  Knowing  the 
noise  level  at  the  face  of  a  grille  for  a  given  grille  blade  setting,  the  noise 
will  vary  as  given  in  Equation  8  where  V  is  the  velocity  of  the  air  through 
the  grille. 


db  (change)  «  50  logn 


(8) 


For  a  change  in  blade  setting  Equation  9  applies,  and  in  this  case  the 
total  pressure  is  measured  directly  behind  the  face  of  the  grille.  For  a 
typical  air  conditioning  grille  the  noise  level  at  the  grille  face  may  be 
approximately  48  db  with  a  total  pressure  behind  the  grille  of  0.1  in. 


j*  /  i.        ^      OK  i        RTotal  Pressure)/] 

db  (change)  =  25  logio    T^rrTv T 

L(Total  Pressure)i  J 

The  resultant  room  noise  level  can  be  approximated  by  Equation  10. 


(9) 


Room  Level 


[""Noise  Level  at 
1  I  Face  of  Grille 


-lOlogi* 


Total  Room  Absorption  in  Sabins 
Total  Grille  Area 


(10) 


Grille  Selection 

In  practice  the  allowable  total  sound  and  the  required  air  flow  are 
usually  known,  and  it  is  desired  to  determine  the  maximum  allowable 
velocity.  In  comparing  sound  ratings  of  various  grilles  several  factors 
must  be  known  if  the  information  is  to  be  properly  applied : 

L  The  threshold  intensity  on  which  the  decibel  ratings  are  based. 

2.  The  distance  from  the  grille  at  which  data  were  taken, 

3.  If  stated  as  sound  level  versus  velocity  for  a  given  grille,  the  core  area  (not 
nominal  area)  must  be  known, 

4.  The  sound  absorbing  characteristics  of  the  test  room. 

5.  Whether  or  not  corrected  for  test  room  sound  level;  if  not,  the  room  level  (with- 
out grille  noise)  must  be  known. 

6.  Methods  used  for  recording  data.    (Characteristics  of  sound  meter). 

Since  total  sound  and  air  flow  are  both  functions  of  velocity  and  area, 
the  solution  of  the  problem  implies  a  trial  and  error  method.  It  has  been 
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FIG.  9.    AIR  FLOW  AND  SOUND  LEVEL  CHART 

found  possible  to  present  these  data  with  sufficient  practical  accuracy  as 
a  family  of  uniform  curves,  as  illustrated  in  Fig.  9,  which  are  based  on 
these  assumptions: 

1.  Threshold  intensity  =  10~ltt  watts  per  square  centimeter,1 

2.  Microphone  location  5  ft  from  lower  edge  of  supply  opening  on  a  line  downward 
at  45  deg,  and  in  a  plane  bisecting  the  supply  opening  perpendicularly. 

3.  Where  data  are  given  as  sound  level  versus  velocity,  the  rating  is  per  square 
foot  of  core  area. 

4.  The  room  is  assumed  to  have  100  sabins  absorption. 

5.  Plotted  data  are  sound  levels  of  supply  openings  only,  correction  having  been 
made  for  test  room  level. 

6.  Data  taken  with  a  direct  reading  sound-level  meter  with  frequency  weighing 
network  intended  to  approximate  the  response  of  the  human  ear. 

If  the  published  ratings  are  in  terms  of  decibels  per  square  foot,  correction 
must  be  made  for  area  to  secure  the  total  sound  level  of  supply  openings  of 
more  or  less  than  one  square  foot  area  from  Equation  11. 


Decibel  Addition  -  10  logifr  A. 


(11) 


where 


A  =  core  area,  square  feet. 

With  Fig.  9  it  is  possible  to  find  directly  the  velocity  in  feet  per  minute 
which  will  give  a  predetermined  total  sound  at  a  predetermined  rate  of 
flow  expressed  in  cubic  feet  per  minute.  The  values  used  are  arbitrarily 
chosen  for  the  purpose  of  discussion,  and  do  not  necessarily  represent  data 
referring  to  any  particular  design  of  air  supply  opening.  ^  A  correction 
chart  is  shown  in  Fig.  10  for  a  room  having  a  sound  absorption  other  than 
100  sabins. 

Example  3.  Determine  the  core  area  (see  Chapter  30)  of  an  air  supply  grille  which 
will  maintain  a  noise  level  of  not  more  than  40  db  in  a  room  having  100  sabins  of  sound 
absorption,  if  an  air  volume  of  2400  cfm  is  required  to  maintain  the  proper  air  con- 
ditioning. 

Solution,  Assuming  a  grille  noise  rating  of  at  least  5  db  below  the  noise  level  of  the 
room,  Pig.  9  shows  that  the  limiting  grille  velocity  for  a  total  sound  level  of  35  db  is 
about  725  fpm,  and  the  core  area  becomes  fixed  at  2400  -5-  725  or  3.31  sq  ft. 

If  the  room  absorption  had  been  greater,  the  previously  selected  velocity  of  725  fpm 
would  be  safe,  since  the  sound  level  reduces.  If  the  room  absorption  had  been  200 
sabins,  a  correction  of  plus  1.3  should  be  made  by  reference  to  Fig.  10,  and  the  per- 
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missible  velocity  becomes  that  corresponding  to  a  total  sound  level  of  36,3,  or  ap- 
proximately 800  fpm. 

If  the  room  had  been  highly  reflective  with  an  absorption  of  less  than  100,  the 
correction  would  be  much  more  important.  For  instance,  for  ajroom  of  35  sabins,  a 
correction  of  minus  3  db  should  be  made,  and  the  maximum  velocity  corresponding  to 
the  32  db  total  sound  level  would  be  approximately  600  fpm. 

Where  more  than  one  supply  opening  must  be  considered,  the  problem 
is  more  complicated.  If  a  similar  supply  opening  is  added  in  a  far  corner 
of  a  highly  absorbent  room,  the  change  in  noise  level  at  the  5  ft  station  at 
the  first  supply  opening  is  small ;  however,  if  the  room  is  small,  or  highly 
reverberant  or  both,  the  intensity  at  the  5  ft  station  may  be  almost  doubled 
and  the  noise  level  increased  nearly  3  db  thereby.  The  simplest  method  of 
handling  this  problem  is  to  treat  the  room  as  though  all  the  air  were  being 
supplied  by  one  supply  opening.  Thus,  if  two  outlets,  each  supplying 
1000  cfm  are  used,  the  value  2000  cfm  should  be  used  with  Fig.  9.  Although 
this  method  may  place  an  unwarranted  limit  on  velocity  when  used  in  a 
large  room,  it  is  seldom  that  such  a  room  has  a  noise  level  low  enough  to 
justify  a  more  complicated,  though  more  exact  procedure. 

In  general,  return  grilles  are  selected  for  velocities  about  half  the  supply 
velocity,  and  when  this  is  done,  they  may  be  neglected  in  sound  computa- 
tions. However,  if  supply  and  return  grilles  are  the  same  size,  resulting  in 
the  same  face  velocity,  they  must  be  treated  as  two  supply  openings. 
That  is,  if  1000  cfm  are  supplied  and  exhausted  through  grilles  of  the  same 
area,  2000  cfm  must  be  used  in  the  solution  with  Fig.  9. 

CROSS  TRANSMISSION  BETWEEN  ROOMS 

Ducts  serving  more  than  one  room  permit  cross  talk  between  the  rooms 
and  should  be  lined  with  acoustical  material.  Where  the  rooms  are  close 
together  and  the  ducts  short,  the  ducts  should  be  sub-divided  to  provide 
ample  acoustical  treatment.  Lagging  material  similar  in  character  to 
acoustical  board,  when  placed  on  the  outside  of  ducts,  serves  to  prevent 
noise,  originating  outside  the  ducts,  being  carried  inside  the  ducts  and  into 
the  air  stream. 

A  case,  where  outside  lagging  is  desirable,  occurs  when  ducts  originate 
at  the  fan  in  the  equipment  room  and  pass  through  this  room  on  the  way 
to  the  room  being  conditioned  or  ventilated.  Unless  the  ducts  are  lined, 
some  of  the  mechanical  noise  from  air  in  the  equipment  room  may  be  trans- 
mitted through  the  wall  of  the  duct  into  the  air  stream,  and  thereby  carried 
into  the  room.  In  such  cases,  that  portion  of  the  duct  which  is  exposed  to 
the  sounds  in  the  equipment  room  should  be  lagged  with  material,  such  as 
cork,  pipe  covering  or  other  sound  damping  material,  to  prevent  the  sound 
from  entering  the  duct  at  this  point.  Numerical  data  are  not  available  to 
permit  a  simple  and  practical  calculating  procedure  to  determine  thickness 
of  covering  which  should  be  used  for  this  purpose. 

Laboratory  measurements  have  shown  that  the  loss  through  a  sheet  of 
No.  22  gage  metal  is  24  db.  When  a  sheet  of  rock  wool  insulation  1  in. 
thick  and  weighing  1.4  Ib  per  square  foot  is  added  to  this,  the  insulation 
value  is  increased  to  29  db.  In  general,  however,  adding  a  layer  of  insula- 
tion or  pipe  covering  does  not  materially  increase  the  sound  insulation 
value  unless  the  material  is  dense,  or  unless  it  is  surfaced  with  another  sound 
impervious  layer  such  as  metal  or  board.  Standard  reference  books  should 
be  consulted  for  sound  insulating  properties  of  various  materials.,  Inside 
lining  material,  used  in  the  case  previously  mentioned,  would  serve  as  an 
absorber  of  the  sound  transmitted  through  the  duct  walls,  and  thus  act  as  a 
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FIG.  10.  ROOM  ABSOBPTION  COERBCTION  CHABT 

means  of  preventing  the  transfer  of  noise  into  the  air  stream.  Inside 
lining  may  also  be  used  in  ducts  to  absorb  noise  which  reaches  the  air 
stream  from  equipment  such  as  fans,  sprays  and  coils ;  noise  due  to  eddying 
currents  set  up  by  elbows,  dampers  and  similar  obstructions;  and  noise 
transmitted  from  room  to  room  where  there  is  a  common  duct  system. 

CONTROLLING  VIBRATION  FROM  MACHINE  MOUNTINGS 

It  is  impossible  to  select  equipment  which  will  operate  without  producing 
some  mechanical  noise  and,  since  the  equipment  must  be  mounted  in  a 
building,  it  is  probable  that  a  part  of  this  noise  will  be  transmitted  to  the 
building  to  such  a  degree  as  to  make  noisy  conditions  in  the  rooms  which 
are  to  be  air  conditioned. 

Much  of  this  noise  may  be  transmitted  by  the  duct  if  it  is  rigidly  con- 
nected to  the  fan  outlet.  It  is  common  practice  to  make  the  connection 
between  the  fan  and  the  duct  with  a  canvas  sleeve  which  effectively  restricts 
noise  at  this  point.  Noise  may  also  enter  the  building  through  the  mount- 
ing of  the  motor  and  the  fan.  Flexible  mountings  should  be  provided  in  all 
installations,  but  these  mountings  must  be  carefully  designed  so  that  they 
will  actually  reduce  the  energy  transmitted  between  the  machinery  and  the 
supporting  floor.  If  a  flexible  material  is  used,  it  is  desirable  to  investigate 
the  installation  so  that  it  is  not  short-circuited  by  through  bolts  which  are 
improperly  insulated,  and  by  electrical  conduit  which  is  not  properly  broken 
and  is  attached  both  to  the  equipment  and  to  the  building.  The  flexible 
mounting,  if  improperly  engineered,  may  actually  increase  the  energy 
transmitted  between  the  equipment  and  the  supporting  floor. 

In  the  proper  isolation  of  vibration,  which  is  usually  In  the  lower  range 
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of  frequencies  and  does  not  include  the  airborne  vibrations  known  as  sound, 
there  is  one  basic  formula  which  is  important  in  the  solution  of  the  problem. 
It  is  the  formula  of  transmissibility  as  governed  by  the  equation : 

(12) 


where      T  =  transmissibility  of  the  support. 

/  =  frequency  of  the  vibratory  force. 

/n  ==  natural  frequency  of  the  machine  unit  on  its  support  (Damping  »  0). 

Equation  12  shows  that  the  transmissibility  approaches  unity  for 
disturbing  frequencies  considerably  lower  than  the  natural  frequency  of 
the  mounting.  As  the  disturbing  frequency  is  increased,  the  transmis- 
sibility is  also  increased  until  at  the  resonant  frequency,  where  /  =  /n  the 
transmissibility  becomes  infinite.  This  is  not  true  in  practice  because  all 
materials  have  some  internal  damping  effect.  However,  operating  at  or 
very  close  to  the  resonant  frequency  is  always  serious  as  forces  and  stresses 
may  be  multiplied  10  to  100  times.  As  the  disturbing  frequency  becomes 
greater  than  the  natural  frequency,  the  transmissibility  becomes  a  smaller 
quantity,  and  at  the  value  of  ///n  =  A/2  it  again  has  the  value  of  unity. 
Beyond  this  point  true  isolation  is  first  accomplished.  At  a  ratio  of  3  to  1 
for  /  to  /n  the  isolation  is  effective  enough  for  practical  application,  and 
experience  and  economical  design  have  shown  that  a  ratio  of  5  to  1  is  good. 
For  high  speeds,  higher  ratios  for  /  to  /n  are  easily  attained  and  give  better 
results  for  effective  vibration  control,  but  for  the  lower  speeds  as  experienced 
with  compressor  work  the  higher  ratios  become  uneconomical. 

For  a  given  installation,  the  speed  of  the  compressor  is  fixed  by  the  speci- 
fications; therefore  the  value  of  /  is  fixed.  That  leaves  only  /tt  to  be  de- 
termined, and  that  is  accomplished  by  the  choice  of  mounting  material  and 
design  for  the  support  of  the  machine.  It  is  well  to  keep  in  mind  that  when 
trying  to  isolate  vibration,  no  attempt  should  be  made  to  isolate  the  driving 
and  driven  piece  of  equipment  separately.  The  two  should  be  mounted  on 
a  rigid  frame,  and  then  the  entire  assembly  isolated  according  to  the  rules 
presented  in  this  chapter. 

The  value  of  /n  can  be  controlled  by  the  flexibility  of  the  machine  support, 
and  when  the  deflection  of  the  machine  support  is  proportional  to  the  load 
applied  (such  as  with  springs  or  nearly  so  with  rubber  in  shear)  the  value 
of  /n  can  be  determined  by  Equation  13: 


where      g  —  gravitational  constant. 

d  =  static  deflection  of  supporting  material. 
/  «  frequency  of  the  vibratory  force. 
/n  «  natural  frequency  of  the  machine  unit  on  its  support  (damping  =  0). 

By  the  use  of  Equation  13  a  set  of  curves  may  be  plotted  as  shown  in 
Fig.  1  1  .  The  first  line  A  B,  plotted  as  the  critical  frequencies  for  the  various 
static  deflections,  is  a  curve  showing  the  worst  possible  conditions  or 
resonant  conditions. 

Plotting  another  curve  CD,  which  is  V2  times  curve  AJ5,  shows  the 
area  MCDN  in  which  the  resilient  material  or  mounting  does  more  harm 
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FIG.  11.  STATIC  DEFLECTION  FOR  VAKIOTJS  FBEQTJENCIES 

than  good.  Plotting  curves  EF  (3  times  curve  AB)  and  GH  (5  times 
curve  AB)  shows  area  EGHF  which  represents  efficient  and  economical 
isolation.  Area  GPOH  is  excellent  isolation,  but  for  all  except  the  highest 
speeds,  becomes  rather  uneconomical  because  of  the  large  deflections 
required. 

Example  4-  An  electric  motor  driven  compressor  unit  is  to  be  isolated.  The  com- 
pressor is  partially  balanced  and  operates  at  a  speed  of  360  rpm.  The  speed  of  the 
motor  is  1160  rpm,  and  is  belt  connected  to  the  compressor.  Total  weight  of  the 
compressor  and  motor  is  4500  Ib. 

Solution:  The  minimum  disturbing  frequency  to  be  isolated  is  360  cycles  per  min- 
ute. Assume  that  the  desired  ratio  of  forced  to  natural  frequency  is  3  as  a  minimum, 
and  that  5  is  desired.  The  desired  natural  frequency  of  the  mounting  is  360  -5-  5  -  72 
cycles  per  minute. 

From  Fig.  11  a  deflection  of  Tin. is  required  to  attain  a  natural  frequency  of  72  cycles 
per  minute.  This  value  may  be  obtained  from  critical  curve  AB  for  72  cycles,  or  from 
curve  GH  (5  times  critical)  for  360  cycles.  For  the  minimum  ratio  of  3  the  deflection 
would  be  2.5  in. 

The  next  step  is  to  determine  the  total  weight  to  be  supported  by  the  springs.  For 
low  speed  partially  balanced  compressors,  it  has  been  found  necessary;  to  add  a 
foundation  weighing  2  to  3  times  the  weight  of  the  motor  and  compressor,  in  order  to 
maintain  the  machine  movement  below  0.03  in. 

Compressor  and  motor 4,500  Ib 

Concrete  foundation , 9,000  Ib 

Total 13,500  Ib 

Practical  application  dictates  the  number  of  springs  to  be  used,  which  is  based  on 
the  design  of  the  machine  foundation  and  the  supporting  floor  structure.  However, 
it  is  desirable  to  design  for  at  least  8  springs  and  one  or  two  spares  for  cases  of  un- 
known weights.  As  many  as  50  springs  have  been  used  on  one  installation.  The 
distribution  of  the  springs  must  be  balanced  against  the  masses  to  be  supported, 
otherwise  the  foundation  design  and  supporting  structure  determine  the  location  of 
the  springs. 

The  choice  of  the  material  used  in  the  design  of  the  resilient  mounting 
is  also  important.  For  the  slow-speed  type  compressor,  a  common  speed 
found  in  practice  is  360  rpm.  For  speeds  below  this,  isolation  should  ^not 
be  attempted  except  under  careful  supervision.  Referring  to  Fig.  11,  it  is 


864  CHAPTER  40  1950  Guide 

found  that  for  360  rpm  the  static  deflection  required  for  a  ratio  of  ///n  of 
3  to  1  (line  EF}  is  2.5  in,,  and  for  a  ratio  of  5  to  1  (line  GH)  it  is  7  in. 
For  these  values  of  deflection  the  only  choice  of  material  is  the  coil  spring. 
This  is  also  true  for  speeds  up  to  about  700  rpm.  In  consideration  of  the 
transverse  spring  constant  (so  as  to  maintain  good  ratios  among  the  various 
degrees  of  freedom)  experience  has  shown  that  the  spring  should  be  designed 
with  a  working  height  equal  to  LO  to  1 .5  times  the  outside  diameter.  A  long 
spring  of  small  outside  diameter  has  very  low  transverse  rigidity,  and 
therefore  requires  some  additional  means  of  preventing  side  drift  of  the 
unit,  and  on  very  sensitive  applications  this  may  tend  to  destroy  the  isolation 
efficiency.  For  speeds  of  700  to  1200  rpm  the  required  deflections  range 
from  0.22  in.  to  1.75  in.  For  these  conditions  rubber  in  shear  serves  as  a 
rather  satisfactory  material  if  protected  from  oil.  For  speeds  higher  than 
1200  rpm  cork  specially  made  for  vibration  damping  can  be  applied  with 
good  results.  These  limitations  are  by  no  means  absolute,  because  certain 
liberties  may  be  taken  without  impairing  the  result  if  all  possible  degrees  of 
freedom  have  been  taken  into  account  in  the  design  of  the  installation. 

When  a  machine  unit  is  properly  isolated  it  will  have  a  definite  amount 
of  movement  which  is  determined  by  the  ratio  of  the  unbalanced  forces  to 
the  total  mass  of  the  machine.  If  this  resultant  machine  movement  is  too 
great  for  the  necessary  connections  or  the  satisfaction  of  the  customer,  it  can 
be  reduced  only  in  two  ways  without  destroying  the  quality  of  the  isolation ; 
first,  adding  mass  or  dead  weight  to  the  machine  (such  as  concrete)  common 
in  the  application  of  low  speed,  partially  balanced  machinery;  second, 
accurately  balancing  (both  statically  and  dynamically)  all  moving  parts  so 
as  to  eliminate  the  vibration  at  the  source.  This  latter  method  is  the  best 
engineering  practice  and  is  the  modern  trend.  However,  even  with  well 
balanced  machinery,  installed  in  the  vicinity  of  quiet  offices,  it  is  usually 
necessary  to  isolate  properly  the  equipment  to  prevent  the  transmission  of 
vibration  likely  to  cause  complaints. 

Where  limitation  of  machine  movement  is  desired  during  the  starting 
and  stopping  periods,  the  application  of  friction  or  hydraulic  damping 
will  serve  without  seriously  interfering  with  the  efficiency  of  the  isolation. 
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Resistors,  Heating  Elements,  Electric  Heaters 7  Unit  Heaters,  Central  Heating  and 

Air  Conditioning,  Electric  Boilers,  Electric  Hot  Water  Heating,  Heating 

Domestic  Water  Supply,  Calculating  Capacities,  Induction 

and  Dielectric  Heating,  Power  Problems 


ELECTRIC  heating  deals  with  the  conversion  of  electrical  energy  into 
heat  and  the  distribution  and  practical  use  of  the  heat  so  produced. 
In  certain  regions,  where  the  cost  of  electricity  is  favorable,  electric  heating 
is  used  extensively.    Its  use  is  also  frequently  dictated  by  special  con- 
ditions. 

Definitions  of  the  terms  Electric  Resistor,  Electric  Heating  Element, 
Electric  Heater  and  other  terms  applying  to  heating  practice,  will  be  found 
in  Chapter  L 

RESISTORS  AND  HEATING  ELEMENTS 

Commercial  electric  heating  elements  usually  have  solid  resistors  such 
as  metal  alloys  or  non-metallic  compounds  containing  carbon.  In  some 
types  of  electric  boilers,  water  forms  the  resistor  which  is  heated  by  passing 
an  alternating  electrical  current  through  it. 

In  one  type  of  heating  element,  the  resistors  are  exposed  coils  of  nickel- 
chromium  wire  or  ribbon,  or  non-metallic  rods,  mounted  on  insulators. 
This  type  is  used  extensively  for  operation  at  high  temperatures  for  radiant 
heat,  or  at  low  temperatures  for  convection  and  fan  circulation  heating. 

Some  elements  have  metallic  resistors  embedded  in  a  refractory  insulat- 
ing material,  encased  in  a  protective  sheath  of  metal.  Fins  or  extended 
surfaces  add  heat-dissipating  area.  Elements  are  made  in  many  forms, 
such  as  strips,  rings,  plates  and  tubes.  Strip  elements  are  used  for  clamp- 
ing to  surfaces  requiring  heat  by  conduction,  in  some  types  of  convection  air 
heaters,  and  in  low  temperature  radiant  heaters*  Ring  and  plate  elements 
are  used  in  electric  ranges,  waffle  irons,  and  many  small  air  heaters. 
Tubular  elements  may  be  immersed  in  liquids,  cast  into  metal,  and,  when 
formed  into  coils,  used  in  electric  ranges  and  air  heaters. 

Cloth  fabrics,  woven  from  flexible  resistor  wires  and  asbestos  thread,  are 
used  for  many  low  temperature  purposes  such  as  heating  pads,  aviators' 
clothing  and  radiant  panel  heating  installations. 

Special  incandescent  lamps  are  used  as  heating  elements  in  certain 
applications  where  radiant  heat  is  desired.  These  use  carbon  or  tungsten 
filaments  as  resistors,  and  are  designed  to  produce  maximum  energy  in  the 
infra-red  portion  of  the  spectrum. 

ELECTRIC  HEATERS 

Conduction  electric  heaters,  which  deliver  most  of  their  heat  t  by  actual 
contact  with  the  object  to  be  heated,  are  used  in  such  applications  as 
aviators'  clothing,  hot  pads,  soil  heaters,  and  water  heaters.  Conduction 
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heaters  are  useful  in  conserving  and  localizing  heat  delivery  at  definite 
points.  They  are  not  suitable  for  general  air  heating. 

Radiant  electric  heaters,  which  deliver  most  of  their  heat  by  radiation, 
have  heating  elements  with  reflectors  to  concentrate  the  heat  rays  in  the 
desired  directions.  They  are  not  satisfactory  for  general  air  heating,  as 
radiant  heat  rays  do  not  warm  the  air  through  which  they  pass.  They 
must  first  be  absorbed  by  walls,  furniture,  or  other  solid  objects  which  then 
give  up  the  heat  to  the  air.  For  a  discussion  of  electrically  heated  panels  as 
applied  to  radiant  heating,  see  Chapter  23, 

Gravity  convection  electric  heaters,  designed  to  induce  thermal  air  circula- 
tion, deliver  heat  largely  by  convection,  and  should  be  located  and  used 
in  much  the  same  manner  as  steam  and  hot  water  radiators  or  convectors. 
They  generally  have  heating  elements  of  large  area,  with  moderate  surface 
temperature,  and  enclosed  to  give  a  stack  effect  to  draw  cold  air  from 
the  floor  line.  The  flexibility  possible  with  electric  heating  elements 
should  discourage  the  use  of  secondary  mediums  for  heat  transfer.  Water 
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FIG,  1.  WISING  DIAGRAM  FOB  UNIT  HEATER 

and  steam  add  nothing  to  the  efficiency  of  an  electric  heater  and  entail 
expensive  construction  and  maintenance. 

Induction  and  dielectric  heaters  are  described  in  a  later  section. 

UNIT  HEATERS 

Electric  unit  heaters  include  a  built-in  fan  unit  which  circulates  room 
air  over  heating  elements.  They  are  adapted  to  the  same  uses  as  other 
types  of  unit  heaters,  if  conditions  are  favorable  to  electric  heating. 
They  are  very  adaptable  for  heating  of  small  offices,  locker  rooms,  etc.,  in 
otherwise  unheated  buildings.  In  small  unattended  equipment  rooms, 
thermostatically  controlled  electric  unit  heaters  are  frequently  used  to 
maintain  a  temperature  above  freezing. 

The  best  location  for  electric  unit  heaters  depends  upon  local  conditions. 
Various  designs  and  arrangements  are  available,  as  with  steam  unit  heaters 
(see  Chapter  24). 

The  arrangement  of  the  wiring  circuits  is  very  important.  In  principle, 
they  are  all  the  same  and  include  as  essential  elements,  a  magnetic  control 
contactor,  a  thermostat,  and  a  master  hand  switch.  All  heaters  should  be 
designed  with  a  safety  thermal  trip  wired  in  series  with  the  magnetic  con- 
tactor, and  with  the  hand  switch  and  thermostat.  A  typical  wiring  diagram 
for  single  phase  power  supply  is  shown  in  Fig.  1 .  A  main  disconnect  switch 
should  be  provided.  For  three-phase  power  supply,  a  3-pole  contactor 
should  be  used  with  the  heater  arranged  for  3-phase  connection.  On  large 
sizes,  separate  over-load  protection  for  the  motor  should  be  provided. 
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If  the  line  voltage  is  more  than  120  to  ground,  it  is  advisable  to  supply  the 
thermostatic  control  circuit  through  a  transformer, 

CENTRAL  HEATING  AND  AIR  CONDITIONING 

Electric  heating  elements  can  be  used  for  the  prime  source  of  heat  in  a 
central  fan  heating  system  or  in  the  heating  phase  of  an  air  conditioning 
system.  They  can  be  used  in  the  same  manner  as  steam  heating  units  for 
tempering,  preheating  or  reheating  the  air  at  the  main  supply  fan  location, 
and  as  booster  heaters  at  the  delivery  terminals  of  the  duct  system.  In  the 
humidification  phase  of  air  conditioning,  electric  heating  elements  can  be 
used  to  provide  moisture  by  the  evaporation  of  water. 

In  coordinating  the  input  of  heat  energy  and  the  volume  of  air  circu- 
lation, a  basic  difference  between  electric  heating  and  steam  heating  enters 
into  the  problem.  Steam  is  approximately  a  constant-temperature 
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source  of  heat  for  any  given  pressure,  and  a  change  in  air  volume  flowing 
over  steam  coils  does  not  greatly  affect  the  temperatures  of  the  coil  sur- 
face. The  amount  of  steam  condensed  (heat  input)  varies  in  proportion  to 
the  air  volume,  but  the  surface  temperature  of  the  steam  coils  remains 
about  the  same.  Electric  heat  is  quite  different,  having  a  constant  input 
of  energy.  If  the  volume  of  air  flow  over  electric  heating  elements  is 
changed,  and  no  change  is  made  in  the  electrical  power  input,  there  will 
be  a  corresponding  change  in  the  temperature  of  the  air  delivered. 
This  occurs  because  the  electrical  energy  input  remains  constant,  and  the 
surface  temperature  of  the  heating  elements  will  vary  as  is  necessary  to 
force  the  air  to  accept  all  the,  heat.  With  electric  heat  the  total  heat  is 
constant  unless  some  compensating  action  is  performed  by  controls.  Auto- 
matic variation  of  the  electrical  heat  input  synchronized  properly  with 
the  air  flow,  can  be  successfully  accomplished  by  various  special  methods 
of  control.  By-pass  dampers  as  used  with  steam  units  will  not  control 
electric  heat. 

Electric  heaters  are  useful  in  balancing  the  heat  distribution  in  central 
fan  systems.  Even  in  those  instances  where  steam  is  the  principal  heat 
source,  the  temperature  of  individual  rooms  can  be  controlled  locally  by 
separate  electric  booster  heaters.  These  heaters  can  be  installed  in  branch 
ducts  or  behind  the  air  outlet  grilles  in  each  room.  With  this  arrangement, 
the  central  heating  unit  distributes  air  at  an  average  temperature,  con- 
trolled from  a  thermostat  centrally  located,  such  as  in  the  main  return 
duct.  The  electric  booster  heaters  may  be  controlled  by  thermostats 
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mounted  in  each  individual  room  to  permit  the  occupant  to  maintain  any 
desired  temperature  independent  of  the  rest  of  the  building. 

ELECTRIC  BOILERS 

Steam  or  hot  water  generating  boilers  using  electrical  energy  are  entirely 
automatic,  and  are  well  adapted  to  intermittent  operation.  Small  electric 
boilers  usually  have  heating  elements  of  the  enclosed  metal  resistor  type 
immersed  in  the  water.  Boilers  of  this  construction  may  be  used  either 
with  direct  or  alternating  current  since  the  heat  is  delivered  to  the  water 
by  contact  with  the  hot  surfaces.  To  lessen  the  likelihood  of  burning  out 
of  heating  elements,  they  should  be  of  substantial  construction,  with  a 
low  heat  density  per  unit  of  surface  area,  and  provision  should  be  made  for 
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cleaning  off  deposits  of  scale  which  restrict  the  heat  flow.    A  typical 
resistance  type  of  steam  or  hot  water  boiler  is  shown  in  Fig.  2. 

Large  electric  boilers  are  usually  of  the  type  employing  water  as  the 
resistor,  using  immersed  electrodes.  With  this  type  only  alternating 
current  can  be  used,  as  direct  current  would  cause  electrolytic  deteriora- 
tion. Such  a  type  of  electrode  boiler  is  shown  in  Fig.  3, 
^  Electric  steam  boilers  are  useful  in  industrial  plants  which  require 
limited  amounts  of  steam  for  local  processes,  and  for  sterilizers,  jacketed 
vessels  and  pressing  machines  which  need  a  ready  supply  of  steam.  It 
sometimes  is  economical  to  shut  down  the  main  plant  fuel-burning  boilers 
when  the  heating  season  ends,  and  to  supply  steam  for  summer  needs  with 
small  electric  steam  boilers  located  close  to  the  operation. 

ELECTRIC  HOT  WATER  HEATING 

Electric  water  heating,  using  an  electric  boiler  in  place  of  a  fuel-burning 
boiler,  like  electric  steam  heating,  is  generally  confined  to  auxiliary  or 
other  limited  applications.  The  use  of  insulated  water-storage  tanks,  in 
which  to  store  heat  generated  by  electricity  during  off-peak  hours  at 
extremely  low  rates,  is  a  development  which  has  some  special  applications. 

In  this  system  of  heating,  the  primary  storage  tank  is  simply  a  large, 
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well-insulated,  pressure  type  steel  tank,  equipped  with  electric  heating 
elements,  automatic  time  switches,  and  automatic  limit  controls  for  tem- 
perature and  pressure.  The  heating  system  installed  in  the  building  may 
be  of  any  standard  design.  A  system  of  this  kind  requires  very  careful  de- 
sign to  avoid  excessive  overall  radiation  losses  during  periods  of  low 
heat  demand.  It  is  also  important  to  provide  for  sudden  changes  in  heat 
demand.  A  typical  water  heating  boiler  is  illustrated  in  Fig.  2. 

HEATING  DOMESTIC  WATER  BY  ELECTRICITY 

Electric  water  heaters  of  the  automatic  storage  type  for  domestic  hot 
water  supply  are  simple  and  reliable.  In  many  sections  of  the  country 
low  electric  rates  have  been  established  by  the  electric  utilities  to  secure 
this  load.  In  many  localities,  electric  rate  schedules  divide  the  current 
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used  for  water  heating  into  two  classifications,  regular  and  off-peak.  A 
time  switch  automatically  limits  use  of  the  off-peak  heating  element  to 
the  hours  of  off-peak  load,  while  the  regular  heating  element  is  a  stand-by 
at  all  times.  Storage  of  this  two-element  type  of  water  heater  is  larger 
than  average  to  help  carry  over  the  periods  when  the  off-peak  element  is 
timed  out.  Some  utilities  now  offer  a  schedule  which,  beyond  a  stipulated 
minimum,  lowers  the  rate  for  all  electric  service  if  an  electric  water  heater 
is  installed. 

Competition  with  other  fuels,  especially  gas,  seems  to  be  the  major 
controlling  factor  in  the  use  of  electricity.  The  first  cost  of  electric  storage 
heaters  is  greater  than  for  gas,  owing  to  the  need  for  larger  tank  storage  due 
to  off-peak  service  and  slower  recuperating  capacity. 

In  residential  work,  to  effect  a  saving  in  the  cost  of  operation,  it  is 
sometimes  desirable  to  use  a  furnace  coil  or  indirect  heater  in  connection 
with  an  electric  water  heater.  In  this  case  it  is  important  to  make  the 
proper  connections  in  order  to  benefit  by  any  heat  obtained  from  the 
furnace,  and  at  the  same  time  to  prevent  dangerous  overheating.  The 
proper  piping  connections  are  shown  in  Fig.  47  and  in  this  case  the  electric 
heater  will  only  furnish  heat  when  insufficient  heat  is  supplied  from  the 
furnace.  This  arrangement  has  a  further  advantage  in  the  summertime 
in  that  the  bare  tank  through  which  the  cold  water  passes  on  its  way  to 
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the  electric  heater  serves  as  a  tempering  tank,  absorbing  heat  ^from  the 
basement  air  and  requiring  the  use  of  less  energy  in  the  electric  heater. 
A  typical  domestic  hot  water  heater  as  shown  in  Fig,  5  is  arranged  with 
upper  and  lower  heating  elements  for  the  usual  type  of  off-peak  heating 
service.  The  lower  heating  element  is  under  the  control  of  the  off-peak 
time  switch.  However,  the  upper  heating  element  is  usually  connected 
to  the  line  so  that,  in  case  the  supply  of  hot  water  in  the  tank  becomes 
exhausted,  the  top  thermostat  can  turn  on  the  top  heater  and  heat  a  small 
supply  of  water.  The  top  heater  will  not  heat  the  water  in  the  tank 
below  its  location,  but  when  the  off-peak  period  arrives  the  lower  heater 
is  turned  on  and  the  entire  tank  becomes  heated. 

CALCULATING  CAPACITIES 

In  calculating  electric  heating  capacity,  one  kilowatt  is  equal  to  3413 
Btu  per  hour  or  14.2  sq  ft  equivalent  direct  steam  radiation. 

All  of  the  energy  applied  to  an  electric  resistor  is  transformed  into  heat. 
The  output  of  an  electric  heater  is  a  fixed  constant,  unaffected  by  the 
temperature  of  the  surrounding  air,  and  the  total  load  on  an  electric  heating 
system  is  the  total  wattage  of  the  connected  electric  heaters. 

ELECTRIC  HEATING  BY  INDUCTION  AND  DIELECTRIC  MEANS 

These  methods  differ  radically  from  resistance  heating.  They  have  many 
important  industrial  uses,  and  open  up  a  whole  new  field  of  special  applica- 
tion where  extreme  speed  or  control  of  heat  location  are  vital. 

Metals  and  other  electrical  conductors  can  be  heated  by  induction. 
The  work  is  placed  in  an  alternating  magnetic  field  within,  or  adjacent  to,  a 
coil,  and  heat  is  produced  in  the  body  of  the  piece  by  eddy  currents.  While 
induction  heating  has  certain  limitations,  it  has  great  advantages  in  certain 
applications  such  as  melting  metals,  forging,  brazing,  heat  treating  and 
particularly  for  localized  heating  and  zonal  hardening  of  metals.  It  is 

Eossible  to  apply  localized  heat  so  rapidly  that  conduction- cannot  draw  the 
eat  away  before  it  has  time  to  accomplish  the  desired  purpose  at  a  par- 
ticular spot.    Surfaces  and  local  areas  can  be  hardened  without  distortion 
or  scale  formation. 

Commercial  60-cycle  alternating  current  may  be  used  in  special  cases, 
such  as  induction  heating  of  large  pressure  vessels,  but  special  higher  fre- 
quency generating  equipment  is  generally  required.  It  should  be 
carefully  selected  for  the  particular  kind  of  work  to  be  done.  Motor- 
generators  with  frequencies  in  the  vicinity  of  250  cycles  per  second,  are 
used  for  many  melting  furnaces.  Motor-generators  having  frequencies 
between  2,000  and  10,000  cycles  per  second,  are  generally  used  for  heat 
treating  and  hardening  sizeable  parts.  For  heating  or  brazing  thin  sections 
or  small  parts,  electronic  tube  oscillators,  spark  discharge  oscillators,  or 
mercury  arcs  are  used  to  produce  frequencies  ranging  up  to  500,000  cycles 
per  second.  Work  coils  used  with  high  frequency  induction  heating  are 
generally  copper  tubes  through  which  cooling  water  is  circulated.  These 
must  be  specially  designed  for  each  application. 

Non-conductors  of  electricity  can  be  heated  internally  by  dielectric 
means  by  placing  the  materials  in  a  high  frequency  electrostatic  field 
between  electrode  plates.  This  process  is  distinctly  different  from  the 
induction  heating  process.  High  voltages  and  very  high  frequencies, 
often  up  to  50  million  cycles,  are  needed  to  produce  the  desired  rate  of 
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heating.  The  main  field  for  dielectric  heating  is  with  materials  which  are 
poor  thermal  conductors.  Food  can  be  sterilized,  plywoods  bonded, 
plastics  heated,  granular  or  crystalline  material  dehydrated,  deep-pile 
fabrics  dried,  and  countless  other  products  heated  quickly  and  uniformly. 
Dielectric  heating  is  well  suited  to  many  continuous  production  processes, 
as  the  materials  can  pass  through  the  heating  field  quickly  and  without 
the  necessity  of  contact  with  the  electrode  surfaces. 

POWER  PROBLEMS 

The  cost  of  electric  energy  varies  because  of  several  factors.  Distribu- 
tion costs  differ  for  large  and  small  users.  The  fact  that  electricity  cannot 
be  economically  stored,  but  must  be  used  as  fast  as  generated,  makes  it 
impossible  to  operate  electric  plants  at  uniform  loads;  hence,  even  the 
time  of  use  may  affect  the  cost  of  electricity.  Special  low  rates  are  some- 
times available  during  certain  prescribed  hours  of  use. 

Since  cost  of  production  and  distribution  depends  not  only  upon  the 
quantity  of  energy  used  but  also  upon  the  maximum  rate  of  use,  electric 
energy  is  often  sold  on  a  demand  rate  basis.  In  some  cases,  the  demand 
charge  is  based  upon  the  rated  connected  load;  in  other  cases,  upon  the 
maximum  demand  indicated  by  a  demand  meter. 

Homes  are  almost  universally  supplied  with  lighting  current  of  115  volts, 
which  can  only  be  used  economically  for  small  heaters.  Usually  the 
service  lines  will  not  permit  more  than  plug-in  devices.  The  National 
Board  of  Fire  Underwriters  permits  approved  heaters  of  1320  watts  or  less  to 
be  plugged  into  approved  baseboard  receptacles,  but  such  heaters  cannot 
be  served  on  a  circuit  supplying  much  other  load  without  overloading  the 
circuits.  There  is  an  increasing  trend  toward  supplying  homes  with  three 
wire  115-230  volt  service.  Where  homes  have  such  service,  larger  heaters 
can  be  installed.  For  industrial  purposes,  heaters  should  be  designed  to  use 
polyphase  power,  which  is  usually  supplied  at  208,  220,  440  or  550  volts. 
All  polyphase  heaters  should  be  balanced  between  phases.  In  ordering 
electric  heaters,  proper  voltage  must  be  specified,  as  the  heat  produced 
will  vary  as  the  square  of  any  variation  in  voltage. 
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CHAPTER  42 

CORROSION  AND  WATER  FORMED  DEPOSITS, 
CAUSES  AND  PREVENTION 

Definitions,  Classification  and  Characteristics  of  Water,  Causes  and  Prevention  of 
Scales  and  Sludges,  Causes  and  Prevention  of  Slimes,  Under -Water 
Corrosion,  Atmospheric  Corrosion,  Buried  Pipe  Lines,  Handling 
Water  Treating  Chemicals,  Legal  Regulations 


THE  surfaces  of  heating  and  ventilating  equipment  that  are  in  in- 
timate contact  with  water  sometimes  are  affected  by  the  chemical 
characteristics  of  contacting  waters  to  such  an  extent  that  prohibitive 
amounts  of  insoluble  materials  are  formed  or  corrosion  ensues  at  an  in- 
sufferable rate.  To  avoid  or  to  correct  such  troubles,  it  is  desirable  that 
heating  and  ventilating  engineers  have  a  general  appreciation  of  industrial 
water  chemistry.  The  principal  purpose  of  this  chapter  is  to  provide 
those  criteria  by  which  the  average  engineer  may  judge  whether  a  problem 
is  one  that  will  yield  to  rather  simple  remedies,  or  will  require  the  skill  of 
an  experienced  water  technologist. 

DEFINITIONS 

The  following  definitions  for  water-formed  deposits,  corrosion,  and 
closely  allied  terms  have  been  proposed : 

Water -Formed  Deposits .  A  water-formed  deposit1  is  any  accumulation  of  insoluble 
material  derived  from  water  or  formed  by  the  reaction  of  water  upon  surfaces  in 
contact  with  water. 

Deposits  formed  from  or  by  water  in  all  of  its  phases  may  be  further  classified  as 
scale,  sludge,  corrosion  products,  or  biological  deposits. 

Scale.  Scale1  is  a  deposit  formed  from  solution  directly  in  place  upon  a  confining 
surface.  It  is  a  deposit  which  will  retain  its  physical  shape  when  mechanical  means 
are  used  to  remove  it  from  the  surface  on  which  it  is  deposited.  Scale,  which  may 
or  may  not  adhere  to  the  underlying  surface,  is  usually  crystalline  and  dense,  fre- 
quently laminated,  and  occasionally  columnar  in  structure. 

Sludge.  Sludge1  is  a  water-formed  sedimentary  deposit.  It  usually  does  not 
cohere  sufficiently  to  retain  its  physical  shape  when  mechanical  means  are  used  to 
remove  it  from  the  surface  upon  which  it  deposits.  Sludge  is  not  always  found  at  the 
place  where  it  is  formed.  It  may  be  hard  and  adherent,  and  baked  to  the  surface  on 
which,  it  has  been  deposited. 

Biological  Deposits.  Biological  deposits1  are  water-formed  deposits  of  biological 
organisms  or  the  products  of  their  life  processes.  Biological  deposits  may  be  micro- 
scopic in  nature,  such  as  slimes,  or  macroscopic,  such  as  barnacles  or  mussels.  Slimes 
are  usually  composed  of  deposits  of  a  gelatinous  or  filamentous  nature. 

Corrosion.  Corrosion2  is  destruction  of  a  metal  by  chemical  or  electrochemical 
reaction  with  its  environment.  In  the  corrosion  process,  the  reaction  products 
formed  may  be  soluble  or  insoluble  in  the  contacting  environment.  Insoluble  cor- 
rosion products  may  deposit  at  or  near  the  attacked  area,  or  be  carried  along  and 
deposited  at  a  considerable  distance  from  the  attacked  area. 

Corrosivity.  Corrosivity*  is  the  capacity  of  an  environment  to  bring  about  de- 
struction of  a  metal  by  the  process  of  corrosion.  Corrosivity  is  a  property  of  the 
environment,  but  it  has  no  significance  until  the  metal  in  question  is  specified. 
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CLASSIFICATION  AND  CHARACTERISTICS  OF  WATER 

For  industrial  use  there  is  no  accepted  conventional  classification  of 
water.  Rather,  each  industry  usually  develops  a  body  of  ideas  applicable 
to  its  own  water  problems.4  For  heating  and  ventilating  engineers,  it  is 
perhaps  most  convenient  to  distinguish  between  mineralized  waters  and 
condensates. 

Mineralized  Waters 

All  the  waters  found  in  streams,  wells,  lakes,  and  the  ocean  are  min- 
eralized. The  same  is  true  of  all  municipal  supplies  even  though  they  may 
have  been  treated.  For  a  given  area,  ground  waters  are  likely  to  be  more 
highly  mineralized  than  are  surface  waters.  Conversely,  surface  waters 

TABLE  1.    MINERAL  ANALYSES  TYPIFYING  COMPOSITION  OF  WATERS  AVAILABLE 
AND  USED  INDUSTRIALLY  IN  THE  USA 


SUBSTANCE 

UNIT 

LOCATION  OR  AREA.*«b 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

Silica.™     ....  _ 

Si02 
Fe 
Ca 
Mg 
Na 
K 

HCOa 
SO* 

Cl 
N03 

E5xS 

CaSO* 

2 
•0 
6 
1 
2 
1 

14 
10 
2 
1 

31 
12 
5 

6 
0 
5 
2 
6 
1 

13 
2 
10 

12 
0 
36 
8 
7 
1 

119 
22 
13 
0 

165 
98 
18 

37 
1 
62 

13 

44 

202 
135 
13 
2 

426 
165 
40 

10 
0 
92 
34 
8 
1 

339 
84 
10 
13 

4.U 

287 
58 

9 
0 

96 
27 
183 
IS 

334 
121 
280 
0 

983 

274 
54 

22 
0 
3 
2 
215 
10 

549 
11 
22 
1 

5*64 
8 
0. 

14 
2 
155 
46 
78 
3 

210 
389 
117 
3 

948 
172 
295 

Iron  .-..«,  

OfoTr.Jum  ,-,..,.,  .-  T..  -  T.rT- 

Magnesium....—  —,~..  ..,.,—...„...„.. 
Potassium  .  ~. 

Bicarbonate  ..........................  ....„„.... 
Sulphate  

Oblnrirlft,..  

-•— 

1,300 
11,000 
400 

150 
2,700 
19,000 

Dissolved  Solids.,.^.-,.  „_ 
Carbonate  Hardness  
Non-Carbonate  Hardness  .  

66 
11 
7 

35,000 
125 
5,900 

*A11  values  are  parts  per  milEon  of  the  unit  cited  to  nearest  whole  number  (see  Reference  5). 
^Numbers  indicate  location  or  area  as  follows: 

(1)  Catskiil  supply— New  York  City  (6) 

(2)  Swmp  Water  (Colored)  Black  Creek,  Middleburg,  Honda        (7) 
;3)    Niagara  River  (Filtered)  Niagara  Falls,  New  York  (8) 
(4)    Missouri  Eiver  (Untreated)  Average  (9) 


(5)    Well  Waters— Pubfic  Supply-Dayton,  OHio- 30-60  ft. 


Well  Water— Maywood,  Illinois— 2090  ft. 
Well  Water— Smithfield,  Va— 330  ft. 
Well  Water— Bosewell,  N.  Mexico 
Ocean  Water— Average 


are  more  likely  to  be  contaminated  with  municipal  sewage  and  trade 
wastes.  Virtually  all  mineralized  waters  also  contain  biological  organisms. 

Mineralogical  Characteristics.  The  character  and  amount  of  extraneous 
inorganic  materials — including  deleterious  gases — dissolved  and  sus- 
pended therein,  describe  the  mineralogical  characteristics  of  any  water. 
Revealing  such  information  is  the  function  of  a  mineralogical  chemical 
analysis. 

The  analyses  in  Table  1  disclose  the  composition  of  the  public  water 
supplies  used  by  about  45  per  cent  of  the  total  population  of  the  cities,  in 
the  United  States,  having  more  than  20,000  inhabitants.5 

All  values  recorded  are  in  terms  of  parts  per  million.*  This  is  the 
approved  standard  terminology  for  reporting  the  results  of  mineral 
analyses.6  Values  reported  in  the  other  terms  commonly  used  may  be 
converted  into  the  standard  form  by  using  the  factors  listed  in  Table  2. 


*J?arts  per  million  are  hereinafter  abbreviated  ppm.    A  part  per  million  signifies  a  unit  weight  of  material 
per  million  unit  weights  of  the  solution. 
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TABLE  2.    CONVEESION  FACTORS  FOE  WATEB  ANALYSES 


To  CONVERT 

INTO 

MULTIPLY  BY 

Grains  per  U.  S.  gallon 

com 

17 

Grains  per  Imperial  gallon  

opm 

14J4 

Grams  per  liter  

DDrn 

1000 

Mg  per  liter.  

porn 

1 

Data  for  dissolved  gases  or  pH  values  have  been  omitted  in  Table  1 
because  even  waters  of  the  same  mineral  contents  may  vary  widely  in 
these  respects.  Unpolluted  natural  waters  usually  have  pH  values  within 
the  range  ^  5  to  8,  depending  upon  their  free  CO*  contents.  Polluted 
waters,  which  include  those  derived  from  wells  or  swamps  in  marshy  ground, 
may  have  pH  values  well  below  5. 

Biological  Characteristics.  The  slime-forming  organisms  are  mostly 
lower  plants,  grouped  by  botanists  into  the  Phylum  ThaUophyta.  This 
group  is  distinguished  by  the  absence  of  leaves,  roots,  or  stems  from  the 
mosses,  ferns,  and  seed  plants  which  comprise  the  three  other  phyla  of 
the  plant  kingdom. 

The  ThaUophyta  (see  Table  3)  are  divided  into  algae,  which  can  syn- 
thesize chlorophyll  for  the  production  of  sugar,  and  the  fungi  which  lack 
chlorophyll,  and  must  therefore  secure  already  synthesized  carbohydrates. 

All  Thallophyta  are  of  universal  distribution  and  many  of  them  are 
slime  forming.  Of  the  five  divisions  of  algae,  only  three  (the  green,  the 
blue-green,  and  the  diatoms)  are  found  in  fresh  water.  Of  the  five  di- 
visions of  fungi,  all  may  occur  in  fresh  water,  the  principal  slime  formers 
being  indicated  in  Table  3. 

The  methods  of  analysis  commonly  used  in  the  sanitary  examination 
of  a  water  have,  as  their  principal  object,  to  identify  and  count  pathogens. 

Most  slime-forming  organisms  are  not  pathogens.  When  a  water  is 
subjected  to  a  biochemical  analysis  for  the  purpose  of  evaluating  its  slime 
producing  characteristics,  tests,  widely  different  from  sanitary  bacterio- 
logical tests,  must  be  made.  Tests  upon  the  water  itself  are  seldom  satis- 
factory, and  true  indications  of  the  sliming  characteristics  of  a  water  can 
only  be  determined  by  the  analysis  of  deposits  on  surfaces  having  a 
temperature  close  to  the  temperature  of  the  final  design  equipment.  The 


TABLE  3.    PBINCIPAL  SLIME  EOBMBKS 


PHYLA 


BOUGH  DIVISION  OF  PHYLA 


Algae 


Single  celled,  sometimes  forming  slimy  sheets. 
Many  celled  in  either  sheets  or  fronds. 


Fungi 


Bacteria  (Schizomycetes)  frequently  forming  slimy  surface  coatings. 

Slime  Molds  (Myxomycetes)  forming  slimy  sheets  as  one  stage  of 
their  life  history. 

Sac  fungi  (Ascomycetes)  of  which  one  division,  the  yeasts,  occasion- 
ally form  slimy  aggregates. 

The  alga-like  fungi  (Phycomycetes)  and  the  stalked  fungi  (Basidomy- 
cetes)  rarely  form  slimes  but  their  filaments  may  hold  together  the 
slimes  of  other  organisms. 
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TABLE  4.    PLANT  WATER  SUPPLY  EXAMINATION 


WATER  SUPPLY— 


200  feet  deep  well—average  water  ^temperature  53  F— 
water  is  producing  a  brown  stain  in  plumbing  fixtures. 

SAMPLE —  The  sample  was  scraped  from  the  surface  of  the  shell  and 

tube  condenser  of  $2  Freon  Compressor  on  the  meat 
chilling  room.  The  sterile  sample  bottle  was  filled 
one-half  with  deposit  and  the  balance  with  circulating 
water.  No  preservative  was  added — pH  at  time  of  col- 
lection was  7.4. 

ANALYSIS  REQUIRED—  ~~  ~ 

MACROSCOPIC  |vj 

BACTERIOLOGICAL  bfl 


MICROSCOPIC  t/i 

ORGANIC  CONTENT  |VJ 


PROBLEM— 


A  25-ton  Freon — 12  Compressor  has  head  pressure  about 
10  Ib  higher  than  during  initial  operation,  without 
change  in  water  temperature.  Deposits^  have  been 
observed  on  heat  exchanger  surfaces.  It  is  desired  to 
know  the  nature  of  these  deposits  and  if  they  are  the 
cause  of  this  increased  head  pressure. 


MACROSCOPIC 

EXAMINATION- 

Heavy  brown  floeculent  material  settles  rapidly  in  clear 
water.    pH  —  7.3  Odor  —  woody,  mouldy. 

MICROSCOPIC 

EXAMINATION— 

INOEGANIG  MATERIAL  —  small  amount  white  crystals. 
AMORPHOUS  MATERIAL  —  small  amount  —  brown. 
IBON  BACTERIA  —  profuse  growth  of  crenothrix  —  (Photo 
usually  included). 

CULTURAL 
NATION- 


EXAMI- 


TOTAL  COUNT 


SABOTJBAUD'S  AGAR 

1,  Aerobic  gram  positive  spore -forming  rod  with  mucoid 
sheaths.    (Photo  usually  included). 

2.  Short   gram   negative   coccibacilli    (Photo   usually 
included). 

100,000  organism/cc. 


ORGANIC  CONTENT  (by  WEIGHT,  DRY  BASIS)~60% 


DISCUSSION— 


The  presence  of  ^common  slime-forming^  organisms  in  the 
deposit  combined  with  high  organic  content  indi- 
cates that  the  deposit  is  bacterial  in  origin.  Heat 
transfer  reductions  would  be  caused  by  such  a  deposit. 
These  deposits,  combined  with  crenothrix,  can  cause 
corrosion  of  both  ferrous  and  non-ferrous  metals. 


RECOM- 
MENDATIONS— 


It  is  recommended  that  the  water  be  treated  at  the  suc- 
tion side  of  the  deep  well  pump  with  chlorine  in  quanti- 
ties sufficient  to  maintain  a  free  chlorine  residual  of 
l.Oppmat  the  discharge  of  the  shell  and  tube  cooler. 
This  treatment  can  be  scheduled  on  an  intermittent 
basis. 


results  of  such  a  test  are  commonly  reported  in  the  manner  illustrated  in 
Tabled 

Condensates 

All  condensates  result  from  the  chilling  of  water  vapor.  Such  chilling 
may  result  from  natural  causes,  thus  producing  dews,  sweats,  rain,  and 
snow,  or  from  artificial  cause's,  as  in  steam  condensing  equipment,  pro- 
ducing condensate  or  return  water. 

In  the  heating  and  ventilating  field,  the  biological  characteristics  of 
condensates  are  likely  to  be  of  concern  only  where  the  condensate  is  used 
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as  cooling  water  in  recirculating  systems.  The  deleterious  gas  contents  of 
condensates,  however,  very  often  create  serious  corrosion  troubles. 

The  data  in  Table  5  typify  the  chemical  composition  of  the  atmosphere 
in  rural  and  metroplitan  areas,  and  of  stack  gases  when  various  types  of 
common  fuels  are  used.  The  curves  in  Fig.  1  disclose  the  solubility  of  the 
major  deleterious  gases  present  in  such  atmospheres  in  otherwise  pure 
water,  when  the  partial  pressure  of  the  gas  is  one  pound  per  square  inch 
absolute. 

The  most  common  deleterious  gases  entrained  by  steam  are  oxygen  and 
carbon  dioxide.  In  rare  instances,  hydrogen  sulphide,  sulphur  dioxide, 
or  ammonia  are  present. 

In  most  steam  condensing  equipment,7*8  the  non-condensable  gases 
entrained  with  steam  accumulate  so  that  the  amount  present  in  the  vapor 
space  is  several  hundred  times  higher  than  in  the  incoming  steam  and, 
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DIFFERENT  ATMOSPHEKES 


Name  of 
Gas 

Chem- 
ical 
Form- 
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Am 

Ficu  GASES 

RURAL 

METBOPOHTAX 

BITUM.  COAL 

FUEL  OILS 

NATURAL  GAS 

/o  by 

Volume 

Partial 
Pressure 

v%by 

Volume 

Partial 
Pressure 

%by 
Volume 

Partial 
Pressure 

& 

Partial 
Pressure 

%by 
Volume 

Partial 
Pressure 
psia 

psia 

psia 

psia 

psia 

Oxygen  
Carbon  Dioxide 
Sulphur  Dioxide 

0* 
COz 
fid 

21 
0.03 
None 

3.143 
0.004 
None 

21 
0.06 
0.003 

3.143 
0.009 
0.004 

2 
15 
0.07 

0.299 

2.245 
0.010 

7 
13 
0.03 

1,048 
1.946 
0.004 

10 
10 
0.0001 

1.497 
1.497 
0.0015 

the  amount  dissolved  in  the  condensate  may  therefore  approach,  or  even 
exceed  for  short  periods,  the  amount  entrained  by  the  steam. 

CAUSES  AND  PREVENTION  OF  SCALES  AND  SLUDGES 

Scales  may  be  formed  on  surfaces  of  equipment  in  contact  with  water, 
and  sludges  in  the  body  of  the  water,  by  the  separation  from  the  water  of 
dissolved  or  suspended  solids.  According  to  the  nature  of  a  particular 
piece  of  equipment  and  the  method  of  its  operation,  such  separation  may 
be  promoted  by  one  or  more  than  one,  of  several  factors : 

a.  The  concentration  of  solids  may  be  increased  by  the  evaporation  of  water. 

b.  The  dissolved  solids  may  be  rendered  less  soluble  in  the  water  by  changes  in 
temperature. 

c.  Conditions  may  favor  the  decomposition  of  unstable  compounds  with  the 
formation  of  less  soluble  compounds. 

Figs.  2  and  3  show  that  the  solubilities  of  both  calcium  carbonate  and 
calcium  sulphate  decrease  with  the  rising  temperature  within  a  moderate 
range  of  temperatures.  Surfaces  transferring  heat  into  water,  such  as 
condensers  and  coolers,  are  more  susceptible  to  scale  and  sludge  formation 
than  are  the  cold  parts  of  the  same  system  using  the  same  water. 

The  most  common  of  the  unstable  soluble  salts  are  the  bicarbonates  of 
calcium,  magnesium,  and  occasionally  iron.  Under  conditions  favoring 
the  removal  of  carbon  dioxide,  as  when  the  water  is  strongly  aerated  or 
when  it  is  boiled,  the  bicarbonates  are  readily  converted  to  the  relatively 
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insoluble  carbonates  (or,  in  the  case  of  iron  in  the  presence  of  oxygen, 
ferric  hydroxide  or  oxide  may  be  formed).  Conversely,  carbonates  are 
readily  converted  to  the  more  soluble  bicarbonate  by  the  addition  of 
carbon  dioxide  or  other  acidic  materials.  This  explains  the  increase  in  the 
apparent  solubility  of  calcium  carbonate  at  decreasing  pH  values  (in- 
creasing concentration  of  hydrogen  ion)  shown  in  Fig.  2,  the  carbonate 
really  going  into  solution  largely  as  bicarbonate. 

It  is  sometimes  desired  to  evaluate  the  tendency  in  a  particular  water 
toward  the  separation  of  calcium  carbonate,  which  may  be  desirable  as  a 
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means  of  establishing  a  corrosion-resistant  film  on  metal  surfaces,  or  in 
other  circumstances  may  be  undesirable  because  of  the  impedance  of  the 
calcium  carbonate  film  to  heat  transfer.  This  tendency  is  indicated 
approximately  by  the  Langelier  Index/  which  is  obtained  by  subtracting 
the  actual  pH  of  a  particular  water  from  the  pH  at  which  it  is  estimated 
precipitation  of  calcium  carbonate  would  just  begin.  This  estimate  may 
be  made  by  the  use  of  Fig.  4. 

There  are  various  expedients  which  may  be  employed  for  avoiding  or 
mitigating  difficulties  due  to  scales : 

a.  The  water  may  be  treated  before  use  to  remove  elements  such  as  calcium,  mag- 
nesium, and  iron,  which  form  relatively  insoluble  compounds.  In  the  various  soften- 
ing processes  this  removal  of  these  elements  is  accompanied  by  the  addition  of  other 
elements,  particularly  sodium,  the  compounds  of  which  are  relatively  soluble. 
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b.  The  water  may  be  treated  within  the  equipment  to  promote  the  separation  of 
dissolved  solids  as  sludges,  rather  than  as  scale  which  is,  in  most  cases,  more  ob- 
jectionable. 

c.  The  increase  in  total  solids,  due  to  the  evaporation  of  water,  may  be  controlled 
by  the  displacement,  continuously  or  intermittently,  of  some  of  the  used  water  by 
fresh  supply. 

d.  Substances,  such  as  the  polyphosphates,  having  the  property  of  inhibiting  the 
precipitation  of  calcium  carbonate  from  solutions  supersaturated  with  it,  may  be 

e.  The  pH  of  the  water  may  be  lowered  (hydrogen  ion  concentration  raised)  to 
reduce  the  tendency  for  precipitation  of  carbonate.    This  is  permissible  only  to  such 
an  extent  as  will  not  cause  a  serious  increase  in  rate  of  corrosion. 

The  choice  of  the  best  expedient  must  be  made  for  each  type  of  equip- 
ment, and  will  be  affected  by  local  considerations. 
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FIG.  2.  SOLUBILITY  OF  CALCIUM  CAEBONATE  IN  DISTILLED  WATEK  CONTAINING 

CARBON  DIOXIDE 

(pH  Values  at  Approximately  7$  F) 

Fig.  2  Adapted  from  (1)  Ind.  &  Eng.  Cliem.,  20  (1928)  1197-by  Baylis.  (2)  J.A.C.S.  60  (1929)  2086-Frear 
&  Johnson. 

Once-Through  Equipment  and  Closed  Recirculating  Systems 

Wliere  abundant  supplies  of  water  are  available  at  low  cost,  the  cooling 
water  may  pass  through,  the  equipment  once,  undergoing  a  slight  rise  in 
temperature.  Little  difficulty  frojn  scale  should  be  experienced  in  this 
case  unless  the  carbonate  hardness  is  more  than  200  pprn,  or  the  water  has 
been  treated  to  induce  incipient  calcium  carbonate  precipitation.  Closed 
recirculating  systems  in  which  the  water  is  cooled  indirectly,  as  in  radia- 
tors, and  returned  to  the  equipment,  should  usually  be  subject  to  little 
trouble  with  scale.  However,  in  both  once-through  and  closed  recirculat- 
ing systems,  slimes  may  cause  trouble. 

If  there  is  some  tendency  for  scaling,  it  may  usually  be  prevented  by 
the  addition  of  small  amounts,  about  5  ppm  or  less,  of  polyphosphate.10 
Alternately,  a  minor  lowering  of  pH  by  the  addition  of  carbon  dioxide  or 
sulphuric  acid  may  be  effective  if  permissible  from  corrosion  standpoint. 
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Open  Recirculating  Systems 

Where  water  from  condensers  and  similar  equipment  is  passed  through 
a  spray  pond  or  cooling  tower  and  then  returned  to  the  equipment,  there 
is  an  increase  in  the  concentration  of  solids  because  of  the  evaporation  of 
some  of  the  water  into  the  cooling  air,  and,  moreover,  the  aeration  removes 
carbon  dioxide.  Both  factors  promote  the  tendency  to  deposit  scale.  If 
the  conditions  are  particularly  adverse,  it  may  be  necessary  to  subject  the 
water  to  a  softening  treatment  before  use,  this  being  the  more  feasible 
because  of  the  reduced  water  requirement  in  such  a  recirculating  system. 
When  this  is  not  practicable,  or  when  the  tendency  to  scale  formation  is 
only  moderate,  a  considerable  improvement  may  be  effected  by  the 
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FIG.  3.  SOLUBILITY  OF  CALCIUM  SULFATB  AND  OF  CALCIUM  CARBONATE 
FOR  COMPARISON 

(CaCOt  in  Equilibrium  with  Normal  CO*  Content  of  the  Atmosphere) 

Pig.  3  Adapted  from  Bui.  No.  15,  Univ.  of  Mich.  "Formation  and  Properties  of  Boiler  Scales"  by  P.  E 
Partridge. 

addition  to  the  water  of  organic  compounds  such  as  gelatine,  glucosates, 
dextrine,  and  tannin  which  tend  to  prevent  precipitated  material  from 
forming  adherent  scales.  In  systems  of  this  kind,  the  loss  of  liquid  as 
spray  from  the  pooling  towers  or  spray  ponds  may  limit  adequately  the 
final  concentration^  of  solids  in  the  cooling  water.  If  not,  provision  must 
be  made  for  sufficient  purging  of  used  water. 

Heating  Systems 

In  hot  water  heating  systems  or  in  steam  heating  boilers  where  all  con- 
densate  is  returned,  troubles  from  scaling  should  not  be  severe.  If 
necessary,  sodium  phosphate  or  sodium  carbonate  may  be  added  to  the 
water  to  prevent  the  formation  of  adherent  calcium  sulphate  scale. 

Boilers  and  High  Temperature  Equipment 

Where  temperature  exceeds  250  F,  complete  softening  of  the  water  is 
the  only  practical  method  for  minimizing  sludge  formation.  This  is 
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usually  accomplished  by  artificial  or  natural  zeolites  (called  also  ion-ex- 
change materials)  or  by  hot-process  precipitation  softeners. 

In  boilers  operating  at  pressures  above  100  psi  virtually  all  the  calcium, 
magnesium,  silica,  iron,  and  manganese  salts  entering  with  the  feed  water 
are  potential  scale  or  sludge  formers, 

^  In  low  pressure  boilers  (100-250  psig),  the  formation  of  adherent  cal- 
cium sulphate  (anhydrite)  scales  is  most  to  'be  feared.  Such  deposits 
form  on  the  hottest  evaporative  surfaces.  It  is  a  material  of  low  heat  con- 
ductivity. Even  a  layer  of  egg  shell  thickness  may  so  impede  the  rate  of 
heat  transfer  as  to  bring  about  over-heating  of  the  metal. 

The  ortho-phosphates  of  sodium  are  most  frequently  used  to  prevent 
sulphate  scales.  The  concentration  of  phosphate  required  is  such  as  to 
cause  the  precipitation  of  calcium  phosphate  as  sludge,  thus  keeping  the 
boiling  water  under-saturated  with  respect  to  calcium  sulphate.  To  a 
lesser  extent,  sodium  carbonate  (called  also  soda  ash  and  sal  soda)  is  also 
used.  Most  of  the  effective  boiler  compounds  contain  either  phosphates 
or  soda  ash,  or  both.  Certain  organic  materials  and  colloids  are  some- 
times found  to  minimize  scale  formation.  Where  chemicals  are  introduced 
directly  into  the  boiler  in  amounts  adequate  to  prevent  scale,  sludge  is 
formed  in  amounts  proportionate  to  the  calcium  and  magnesium  salts 
entering  with  the  feed  water.  To  prevent  troublesome  accumulation  of 
this  sludge,  as  well  as  soluble  salts,  as  evaporation  occurs,  some  blowdown 
of  boiler  water  is  necessary. 

CAUSES  AND  PREVENTION  OF  SLIMES 

A  water  containing  slime-producing  organisms  will  produce  prohibitive 
amounts  of  slime  only  when  the  conditions  of  use  are  such  as  to  propagate 
their  life  processes.  Whenever  sufficient  food  material  from  normal  water 
or  from  airborne  dust  combines  with  optimum  temperature  conditions, 
such  as  exist  on  cooling  surfaces  and  air  washers,  serious  quantities  of 
slime  will  be  produced. 

Some  natural  well  waters  do  not  contain  sufficient  foods  to  support 
luxuriant  slime  growths.  Algae,  which  require  light  for  carrying  on  their 
life  processes,  are  likely  to  cause  difficulty  in  cooling  towers  and  other 
areas  where  sunlight  is  abundant.  The  ordinary  slime-forming  bacteria 
are  capable  of  using  a  wide  variety  of  nitrogenous  and  cellulose  material 
as  food  sources.  These  bacteria  thrive  best  under  dark  conditions  such 
as  exist  in  condensers  and  other  heat  transfer  surfaces.  Other  organisms 
capable  of  causing  similar  difficulties  use  such  a  wide  variety  of  food 
material  as  algae,11  iron  compounds,12  and  inorganic  sulphates.13 

At  present,  the  use  of  toxic  chemicals  and  irradiation  are  the  two 
general  means  employed  in  slime  control.  The  value  of  ultra-violet  light, 
used  so  broadly  in  the  beverage  industry,  is  somewhat  in  dispute. 

Anti-fouling  paints  have  been  developed  and  are  fairly  satisfactory  for 
the  prevention  of  the  growth  of  macro-organisms  such  as  barnacles  and 
mussels,  but  these  paints  must  be  renewed  at  frequent  intervals,  and  are 
not  applicable  to  inaccessible  areas  such  as  the  inside  of  pipe  lines  and 
cooling  towers.  Satisfactory  anti-sliming  paints  have  not  been  found. 

Names  and  other  pertinent  data  relating  to  some  of  the  more  common 
chemicals  used  in  slime  control  are  shown  in  Table  6. 

Chlorine  is  the  only  chemical  to  which  is  attributed  the  ability  to  de- 
stroy slime-forming  organisms.    The  others  are  presumed  to  poison  marine . 
organisms,  most  of  which  recover  when  the  chemical  is  not  used  regularly. 
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While  chlorine  is  the  most  generally  used  chemical,  the  use  of  others  may 
occasionally  prove  to  be  more  practicable.  Choice  of  the  chemical  is 

conditioned  largely  by  the  design  and  operation  of  the  system. 

Open  Recirculating  Systems 

In  spray  ponds  and  cooling  towers  of  the  open  type,  light-loving  algae 
growths  are  likely  to  cause  blocking  of  the  distribution  piping  and  troughs. 
These  organisms  are  most  troublesome  in  areas  accessible  to  sunlight. 
Algae  slimes  are  usually  stringy  in  character. 

In  ^  open  recirculating  systems,  continuous  use  of  small  quantities  of 
chlorine  is  generally  most  satisfactory.  In  once-through  systems,  where 
large  quantities  of  water  are  used,  intermittent  treatment  a  few  times  each 
day  will  usually  result  in  satisfactory  slime  removal  and  chemical 
economies. 

Neither  the  phenols  nor  copper  sulphate  may  be  used  for  the  removal 
of  sliine  already  formed.  For  this  purpose,  chlorine  gas  is  used.  After 
being  cleaned,  the  other  chemicals  may  be  used  to  prevent  the  reestablish- 

TABLB  6.    COMMON  CHEMICALS  USED  FOB  SLIMS  CONTKOL 


CHEMICAL 

TsADffi  NAME 

PHYSICAL  STATE* 

Chlorine 

Chlorine 

Gas 

Hypochlorites 

Calcium  Hypochlorites 
Sodium  Hypochlorites 

Crystalline 

Chlorinated  Phenols  Sodium- 

Chlorophenylphenate 
Tetrachlorophenate 
Pentachlorophenate 

Briquettes 
Briquettes 
Briquettes 

Potassium  Permanganate 

Permanganate  of  Potash 

Crystalline 

Copper  Sulphate 

Blue  Vitriol 

Crystalline 

*  As  stopped. 

merit  of  slime  in  the  system.  The  removal  of  green  algae  from  a  cooling 
tower  should  never  be  used  as  an  indication  that  the  true  slime-forming 
organisms  on  heat  exchanger  surfaces  have  been  removed.  The  more 
resistant  slime  formers,  which  so  materially  reduce  heat  transfer  efficiency, 
will  often  be  unaffected  by  treatment  which  completely  eliminates  algae. 

Closed  Once-Through  Systems 

In  equipment  where  light  is  excluded,  slime  formations  are  due  to  fungi. 
Usually,  they  predominate  on  the  heat  exchange  surfaces.  Bacteria  form 
thick,  soft  slime.  Yeast  and  molds  form  tough  rubbery  slimes.  Chlorine 
and  hypochlorite  solutions,  fed  intermittently,  are  used  to  prevent  such 
slimes. 

UNDBR-WATBR  CORROSION 

When  deleterious  substances  are  present  in  water,  the  corrosivity  of  the 
solution  is  increased  in  proportion  to  the  amount  of  deleterious  substances 
present,  the  temperature,  and  usually  the  rate  of  flow  of  the  solution  over 
the  metal  surfaces.  There  are  other  relevant  factors,  but  their  influence 
in  general  is  subordinate  to  those  mentioned.  Dissolved  oxygen,  acid 
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gases,  and  chloride  salts  are  the  corrosion  accelerators  most  frequently 
encountered. 

Neutral  and  slightly  alkaline  waters  saturated  with  air,  corrode  iron  at  a 
rate  about  triple  that  for  the  same  water  free  of  air.  Hot  water  containing 
oxygen  will  corrode  iron  at  a  rate  three  to  four  times  that  for  the  same 
water  when  cold. 

Corrosion  of  iron  decreases  as  the  pH  of  water  solutions  increases,  and 
practically  ceases  at  a  pH  of  11-  If  the  metal  contains  film  forming  agents, 
such  as  chromium,  nickel,  and  silicon,  or  if  the  water  contains  inhibitors 
such  as  silicates  and  chromates,  corrosion  may  in  some  instances  be 
minimized. 

Cold  Water  Services 

Where  water  from  municipal  supplies  is  used  industrially  in  a  closed 
system  with  little  or  no  increase  in  temperature,  it  is  seldom  necessary  or 
feasible  to  treat  the  water  to  reduce  its  corrosivity.  When  it  is  mandatory, 
the  addition  of  caustic  soda  to  maintain  a  pH  over  11,  plus  the  addition  of 
sufficient  sodium  sulphite  to  maintain  a  residual  of  over  100  ppm  (as 
Na^SOg),  usually  suffices  to  prevent  serious  troubles.  However,  in  some 
cases  the  cost  may  be  prohibitive. 

When  the  use  of  sodium  sulphite  or  a  comparable  chemical  for  oxygen 
removal  is  prohibited,  as  in  potable  waters,  the  addition  of  small  amounts 
of  lime  to  maintain  a  Langelier  Index  (See  Fig.  4)  of  0.5  or  more  may 
prove  helpful. 

In  systems  exposed  to  the  atmosphere,  as  for  example  air  washers  or 
storage  tanks,  both  laboratory14  and  field  tests15  have  shown  that  the 
addition  of  alkalies  to  maintain  a  pH  greater  than  8.5,  plus  the  addition  of 
other  chemicals  that  produce  protective  films  on  the  metal  surface,  will 
measurably  decrease  corrosion.  Sodium  dichronxate,  sodium  silicate,  and 
tri-sodium  orthophosphate  have  been  shown  to  be  effective  film  formers  in 
the  order  mentioned. 

Caustic  soda  is  usually  used  to  raise  the  pH  value,  and  sodium  dichro- 
mate  is  most  often  employed  as  a  film  former  in  industrial  waters.  In  old 
systems,  not  previously  inhibited,  about  500  ppm  of  sodium  dichromate 
are  usually  maintained  at  the  start.  After  two  or  three  months,  and  in 
new  systems,  a  residual  of  about  300  ppm  of  dichromate  usually  proves 
effective.  When  insufficient  dichromate  is  employed,  pitting  is  sometimes 
accelerated.  Aeration  does  not  impair  the  efficiency  of  dichromates,  but 
does  deplete  the  caustic  soda  concentration. 

In  large  industrial  systems,  the  use  of  vacuum  deaeration  has  been 
shown  to  be  effective.16  In  small  systems,  the  equipment  required  can 
seldom  be  justified,  economically. 

Soft  water,  as  for  example  the  effluent  from  zeolite  softeners,  is  likely 
to  be  several  times  more  corrosive  to  iron  than  hard  waters.  In  small 
installations,  the  use  of  copper  or  brass  pipe  usually  is  a  practical  ex- 
pedient. Cement  lined  pipe  and  tanks  suitably  resist  attack. 

Where  the  water  contains  slime-forming  organisms,  especially  those 
bacteria  that  thrive  on  iron,  chlorination  of  the  water  is  imperative  to 
inhibit  tuberculation  and  subsequent  pitting. 

Bitumastic  paints,  applied  at  regular  intervals  upon  well  cleaned  sur- 
faces, will  measurably  prolong  the  life  of  equipment  handling  cold  waters. 
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Hot  Water  Services 

As  a  usual  thing,  corrosion  does  not  create  important  troubles  when 
temperatures  are  maintained  below  140  F. 

In  closed  systems  where  little  fresh  water  is  introduced,  such  as  in  a  hot 
water  space  heating  system,  corrosion  is  usually  negligible  because  the 
oxygen  released  in  heating  the  water  is  purged  through  the  vents. 

Where  large  amounts  of  fresh  water  are  constantly  entering  and  are 
being  heated,  the  use  of  mechanical  deaeration  is  the  most  universally 
Satisfactory  expedient  to  employ.  Where  the  use  of  such  equipment  can- 
not be  justified  economically,  anti-corrosive  chemicals,  and  the  use  of 
corrosion  resistant  metals,  are  the  more  practical  expedients  to  be  used. 

Treating  Chemicals.  Alkalies,  such  as  lime  and  caustic  soda,  silicates  of 
soda  (water  glass),  the  poly-phosphates  of  soda,  sodium  sulphite,  and 
sodium  dichromate  are  usually  used.  Organic  compounds,  such  as  the 
glucosates,  dextrines,  and  tannins  are  sometimes  used,  but  their  value  is 
still  a  controversial  matter.  When  any  chemical  is  used,  so  many  rele- 
vant factors  are  involved  that  it  is  always  advisable  to  seek  adequate 
technical  counsel  in  inaugurating  the  treatment.  Very  often,  where  such 
precaution  is  not  taken,  new  troubles  are  created  that  are  more  aggra- 
vating than  the  original  difficulty.17 

Silicate  of  soda  is  used  to  protect  iron,  lead,  and  brass  water  pipe.18 
For  most  waters,  a  solution  of  Na20:3Si02is  recommended.  Sodium  sili- 
cate, equivalent  to  about  10  ppm  added  silica,  should  be  fed  to  the  water 
for  the  first  month  after  which  it  may  be  reduced  to  give  5  or  6  ppm  added 
silica.  Where  careful  control  of  the  silicate  feed  is  exercised,  the  water  is 
not  injured  for  domestic  use  by  this  treatment.  The  rate  of  corrosion  of 
iron  pipe  has  been  reduced  by  70  per  cent,  and  dezincification  of  brass  pipe 
practically  stopped,  by  this  simple  treatment.  The  amount  required  and 
the  effect  are  not  the  same  in  all  waters. 

Pipe  Materials.  Brasses  with  60  to  67  per  cent  copper  are  dezincified  in 
some  corrosive  waters  and  in  certain  localities,  are  not  much  more  service- 
able than  galvanized  iron  or  steel  pipe.  The  zinc  in  brass  pipes  is  leached 
out  locally,  leaving  a  plug  of  porous  copper.  The  weakening  of  such  pipe 
is  especially  noticeable  under  the  threads.  Dezincification  is  retarded  by 
the  use  of  silicate  of  soda  (8  ppm  added  silica).19 

In  salt  or  fresh  water,  there  is  no  material  difference  in  rate  of  pitting  of 
wrought  iron,  steel,  low  metalloid  steels,  or  copper  bearing  steels.  This 
is  contrary  to  the  relative  performance  of  these  metals  in  atmosphere. 

Refrigerating  Systems 

Corrosion  in  refrigerating  systems  is  confined  to  surfaces  in  contact 
with  brines  or  those  in  contact  with  the  refrigerant. 

Brines.  Refrigerating  brines  usually  are 'comprised  of  sodium  chloride, 
calcium  chloride,  or  calcium  and  magnesium  chlorides.  The  corrosivity 
of  dilute  brines  is  higher  than  their  more  concentrated  solutions.  The 
corrosivity  of  sodium  brines,  other  conditions  being  fixed,  is  about  1.5 
times  greater  than  brines  of  the  alkaline  earth  metals. 

Brines  are  excellent  electrolytes.  Contact  of  dissimilar  metals  of  wide 
potential  differences,  when  in  contact  with  brines,  results  in  rapid  corrosion 
by  galvanic  action. 

The  leakage  of  air,  acid  refrigerants,  or  both,  accelerates  the  corrosivity 
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of  brines.  Ammonia  precipitates  calcium  and  magnesium  salts  thus 
clogging  the  system  at  restricted  points. 

The  addition  of  caustic  soda  and  sodium  dichromate  to  brine  solutions 
to  inhibit  corrosion  of  iron,  is  a  more  or  less  general  practice.  Sodium  sili- 
cate and  sodium  phosphate  are  also  used  at  times,  but  tests  indicate  they 
are  not  as  effective  as  is  sodium  dichromate.  It  has  been  suggested20  that 
125  Ib  of  sodium  bichromate  per  1000  cubic  feet  of  calcium  chloride  brine, 
and  200  Ib  per  1000  cubic  feet  of  sodium  chloride  brine,  be  added  to  inhibit 
brines;  that  when  salt  or  calcium  chloride  is  added  to  "strengthen"  brine, 
sodium  dichromate  also  be  added  in  the  amounts  shown  in  Table  7. 

Refrigerants.  The  common  refrigerants,  except  those  of  the  hydro- 
carbon type,  will  attack  the  common  metals  and  alloys  if  moisture  is 
present.  Even  a  very  small  amount  of  water  may  cause  severe  corrosion 

TABLE  7.    QUANTITIES  OF  SODIUM  DICHBOMATE  TO  BB  ADDED  TO  MAINTAIN 
INITIAL  CONCENTRATION 


SPECIFIC  GRAVITY  OF 
BRINE  TO  BE  STRENGTHENED 

LB  SODIUM  DICHROMATE 
PER  100  LB  CaCU  ADDED 

1.16 
1.18 
1.20 
1.22 
1.24 

0.695 
0.621 
0.556 
0.502 
0.455 

LB  OF  SODIUM  DICHROMATE 
PER  100  LB  NaCl  ADDED 

1.12 
l.H 
1.16 
1.175 

1.79 
1.47 
1.32 
1.18 

with  certain  refrigerants.    The  amount  required  need  only  be  sufficient 
to  produce  a  water  film  on  the  metal  surface. 

With  the  halogenated  hydrocarbons,  complete  elimination  of  water  is 
much  to  be  desired-.  Where  ammonia  is  used,  copper  and  its  alloys, 
aluminum  and  zinc,  are  attacked  especially  at  elevated  temperatures. 
When  sulphur  dioxide  is  used,  more  than  50  ppm  (0.005  per  cent)  of  water 
will  cause  appreciable  corrosion  of  virtually  all  the  common  materials. 

Minimizing  Condensate  Corrosiveness 

There  are  four  expedients  that  may  be  utilized  to  minimize  corrosion 
in  steam  condensate  systems:  (1)  treatment  of  the  boiler  feedwater  so 
as  to  eliminate  deleterious  gases  entrained  with  the  steam,  (2)  design  of 
the  condensing  equipment  to  minimize  dissolution  in  the  condensate  of 
the  deleterious  gases  entrained  with  the  steam,  (3)  chemical  treatment 
of  the  condensate,  (4)  use  of  resistant  metals. 

Boiler  Feedwater  Treatment.  Elimination  of  oxygen  from  boiler  feed- 
water  and,  therefore,  from  the  steam  developed,  can  be  accomplished 
either  mechanically  or  chemically.  In  some  steam  generating  stations, 
both  expedients  are  employed. 

Tests21  have  indicated  that  in  small  low-pressure  heating  boilers,  where 
the  boiler  input  contains  less  than  about  50  ppm  of  carbonate  hardness, 
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the  C02  la  the  steam  can  be  controlled  by  adding  calcium  hydroxide  to 
the  boiler.  In  Fig.  5  are  shown  the  equilibria  conditions  proposed  for 
boilers  operating  at  pressures  up  to  about  5  psi  gage.  This  expedient  may 
not  be  used  in  higher  pressure  boilers,  because  of  the  possibilities  of  scale 
and  sludge  formations.  In  the  latter,  the  only  method  used  to  date  for 
treating  the  feedwater  consists  of  removing  the  alkaline  earth  salts,  i.e., 
softening,  and  subsequent  acidulatioa  followed  by  deaeration  at  tempera- 
tures near  the  atmospheric  boiling  point  of  water,22 

Design  of  Condensing  Equipment.  In  the  design  of  water  heaters  and 
comparable  types  of  condensing  equipment,23  it  is  possible  to  shift  the 
accumulation  of  non-condensible  gases  to  a  location  away  from  the  con- 
densate  level  and,  subsequently,  vent  these  gases  to  the  atmosphere. 
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FIG.  5.  RELATION  OF  HYDRATE/CARBONATE  CONTENT  IN  Hard  BOILER  WATEB  AND 
Co2  IN  STEAM  AT  ABOUT  5  Psi  OPERATING  PRESSURE 

(All  analytical  values  are  ppm  by  weight) 

Venting  an  amount  of  steam  equal  to  about  one-half  per  cent  of  the  total 
steam  entering  the  condenser  is  the  optimum  vent  rate. 

Venting,  is  of  little  practical  value,  when  the  C02  content  of  the  in- 
coming steam  is  below  about  5  ppm.  When  the  steam  contains  more  than 
5  ppm,  venting  provides  a  means  of  producing  a  condensate  containing  a 
minimum  of  about  3  ppm.  However,  even  as  little  as  3  ppm  of  dissolved 
662  can  produce  active  corrosion  if  large  amounts  of  condensate  are 
flowing. 

Chernical  Treatment  of  Condensate.  Condensates  containing  compara- 
tively large  amounts  of  oil,  are  practically  non-corrosive,  due  to  the  pro- 
tective film  provided  by  the  oil.  When  oil  is  intentionally  added  to  con- 
densate,24 inadequate  quantities  may  accelerate  rather  than  decelerate 
corrosion  on  those  surfaces  not  covered  by  the  oil.  Sodium  silicate  added 
to  COa-bearing  condensate  has  been  shown  to  decrease,  but  not  entirely 
prevent,  corrosive  action.  It  is  not  definite  whether  the  protection 
afforded  by  silicate  solutions  is  due  to  the  establishment  of  a  protective 
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film  on  the  metal  surface  or  to  neutralization  of  the  COa  by  the  alkali  in 
the  silicate  solution. 

It  has  been  postulated  that  ammonia,25  cyclohexylamine,26  ethylene 
diamine,  and  morpholine27  will  retard  corrosion  of  condensate  lines.  Tests 
with  benzylamine  have  also  been  reported.28  Where  eopper  and  its  alloys 
are  involved,  the  use  of  alkaline  inhibitors  is  believed  inadvisable.  The 
use  of  small  amounts  of  sodium  hexametaphosphate  has  been  suggested 
too,  but  tests29  indicate  that  this  salt  accelerates  rather  than  decelerates, 
the  rate  of  attack  of  steel  by  condensate  containing  COs  and  oxygen. 
Whether  chemical  treatment  of  steam  or  condensate  is  feasible,  must  be 
determined  not  only  upon  the  basis  of  the  acuteness  of  corrosion  troubles, 
but  also  upon  the  uses  to  which  the  steam  or  condensate  is  put. 

Use  of  Resistant  Metals.  For  economic  reasons,  the  metals  known  to 
resist  corrosion  can  seldom  be  used  exclusively  for  condensate  lines  in  any 


BESSEMER  STEEL 


PHOSPHORIZEO 
COPPER 


30  DAY  TEST 

I   I 

^COILED  SPECIMENS 
n  UNCOILED  SPECIMENS 
|     IMMEASURABLE  VALUES 
I       I       M      I       I      I      I 


0    4    8    12   16  20  24  28  0    4    8    12   16  20  24  28  0   4    8    12   16  20  24  28  32  36  4O 

AVERAGE    PENETRATION     IN    INCHES    PER    TEAR    X    1000 
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sizeable  enterprise.  Nevertheless,  there  may  be  instances  where  the  use 
of  a  limited  amount  of  the  more  costly,  but  resistant,  materials  can  be 
justified.  ^The  data  in  Fig.  6  are  the  results  of  tests30  designed  to  reflect 
the  corrosion  resistance  of  the  more  commonly  used  metals  to  attack  by 
condensate  containing  oxygen  and  C02. 

In  contemplating  the  use  of  a  resistant  metal,  as  a  section  of  a  conden- 
sate line,  it  should  be  remembered  that,  if  other  conditions  are  right, 
corrosive  attack  will  merely  be  transferred  down  stream  in  the  system! 
Galvanic  corrosion  resulting  from  the  contact  of  dissimilar  metals  in  a 
condensate  line  seldom  occurs.  No  paint  or  similar  protective  coating 
has  thus  far  proven  satisfactory.  Tests  of  cement  lined  and  vitreous 
lined  pipe  have  shown  the  linings  to  be  readily  dissolved  by  hot  con- 
densates. 

ATMOSPHERIC  CORROSION 

Most^  of  the  problems  originated  by  atmospheric  corrosion  occur  in 
connection  with  the  fire-side  of  boilers  and  furnaces  (including  their  flues 
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and  stacks),  sewer  vents,  air  ducts,  coal  and  ash.  handling  equipment, 
Usually  such  equipment  is  fabricated  from  common  types  of  ferrous  metals. 
^  Generally  little  ^or  no  atmospheric  corrosion  occurs  at  temperatures 
higher  than  the  boiling  point  of  water,  because  at  such  temperatures  little 
or  no  condensate  is  formed.  If  it  does  form  at  the  higher  temperatures, 
only  negligible  amounts  of  carbon  dioxide  and  oxygen,  present  in  the 
atmosphere,  will  dissolve  in  the  hot  liquid,  but  sulphur  gases  may  dissolve 
and  cause  rapid  attack.  Oxygen,  sulphur  dioxide,  sulphur  trioxide,  and 
carbon  dioxide  are  the  deleterious  gases  most  frequently  accountable  for 
corrosion  in  moist  atmospheres. 

Coal  Storage  and  Handling  Equipment 

Virtually  all  coals  contain  sulphur  in  the  form  of  pyrite,  and  some 
moisture.  In  storage,  the  pyrite  is  likely  to  be  decomposed  by  oxidation. 
Moisture  dissolves  the  products  of  decomposition  forming  sulphurous  and 
sulphuric  acid.  The  acid  solutions  vigorously  attack  the  supporting  metal. 

Rubber  linings  have  been  developed  for  coal  chutes  and  bins  that 
effectively  resist  corrosion  and  the  abrasive  action  of  the  coal,  but  they 
are  expensive.31  Concrete  linings  for  steel  bunkers  have  also  been  ef- 
fectively employed.32 

The  use  of  high  chromium  steels  is  not  always  a  sure  cure,  especially 
with  coals  treated  with  dust  allaying  agents  high  in  chlorides, 

Flues,  Stacks,  and  Fire-side  of  Boilers 

The  surfaces  of  flues  and  boilers  contacting  the  products  of  combustion, 
seldom  experience  corrosive  attack  when  the  equipment  is  in  operation. 
Breechings,  smoke  hoods  and  canopies  in  contact  with  flue  gas  may,  how- 
ever, be  subject  to  attack  during  the  warming-up  period  of  an  appliance, 
or  when  the  rate  of  operation  is  so  low  that  the  temperature  of  the  flue  gas 
is  below  the  dew-point.  It  is  common  practice  to  use  cast-iron  or  acid 
resistant  vitreous  enameled  steel  in  flue  gas  connections  to  appliances,  to 
prolong  the  life  of  these  parts.  The  shut-down  period,  when  condensation 
of  moisture  occurs  on  the  metal  surfaces,  is  usually  the  time  when  most 
damage  is  done.33  In  those  sections  of  the  stacks  where  flue  gas  tempera- 
ture drops  below  the  dew-point,  corrosion  is  inevitable  during  operation. 

It  is  clear  that  where  long  shut-down  periods  are  anticipated,  a  practical 
method  for  mitigating  corrosion  is  to  clean  the  surface  thoroughly  and 
to  provide  adequate  clean,  dry  air  circulation  to  prevent  condensation. 
(See  also  Care  of  Idle  Heating  Boilers,  Chapter  15). 

Protective  coatings  with  organic  binders  are  destroyed  rather  rapidly 
above  400  F  because  of  the  decomposition  of  the  organic  materials.  The 
surfaces  of  metals,  whose  temperature  does  not  exceed  400  F,  may  be  pro- 
tected by  periodically  applying  paints  such  as  those  specified  in  the  fol- 
lowing paragraphs  entitled  Air  Ducts. 

Air  Ducts 

The  most  practical  method  for  protecting  air  duct  surfaces  made  of 
steel  from  atmospheric  corrosion,  is  to  apply  protective  paints.  One  of 
the  most  effective  protective  coatings  is  red  lead  paint. 

Three  coats  of  paint  should  be  applied,  of  which  the  first  two  coats 
should  be  rust  inhibitive  paint  such  as  red  lead  paint,  with  the  second  coat 
tinted  to  a  light  brown  color  with  carbon  black,  and  the  finishing  coat  may 
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be  red  lead  paint  tinted  to  a  black  or  brown  color,  black  paint  made 
according  to  Federal  Specification  TT-P-61,  red  iron  oxide  paint  con- 
forming to  Federal  Specification  TT-P-31,  or  white  or  light  tinted  paint 
made  according  to  Federal  Specification  TT-P-40. 

Another  paint  which  has  had  some  use  for  priming  iron  and  steel  is 
^inc  chromate  paint. 

Under  some  conditions,  a  chlorinated  rubber  base  paint  made  according 
to  Federal  Specification  TT-P-91  may  be  used  for  the  finishing  coat, 
particularly  where  the  presence  of  highly  corrosive  gases  or  contact  with 
strong  alkaline  water  would  injure  the  standard  paints.  Rubber  base 
paints  should  be  used  only  for  the  finishing  coat  over  regular  priming  and 
second  coats. 

BURIED  PIPE  LINES 

Lines  that  are  cold  and  in  intimate  contact  with  the  earth  are  corroded 
from  the  same  causes  as  in  mineral  waters,  but  pitting  is  usually  more 
intense  due  to  variations  in  concentration  of  salts  and  oxygen  in  solution, 
acidity,  drainage,  and  presence  of  solid  materials  (such  as  cinder)  in  contact 
with  metal  pipe.  Galvanic  currents,1  induced  by  contact  of  certain  dis- 
solved constituents  in  the  soil,  often  act  over  a  large  area,  and  accelerate 
corrosion  where  they  leave  the  pipe  line. 

Certain  bacteria  that  thrive  in  the  absence  of  oxygen  have  the  power  to 
obtain  hydrogen  and  dissociate  sulphates  in  the  soil,  with  a  resultant  pro- 
duction of  hydrogen  sulfide  which  attacks  the  iron  to  form  iron  sulphide. 

Stray  electric  currents  from  electric  power  generating  stations  some- 
times find  their  way  into  buried  steel  structures,  and  do  damage  in  pro- 
portion to  the  current  density  where  the  current  leaves  the  metal  to  enter 
the  ground. 

Pipe  Materials 

Under  many  conditions  where  steel  would  be  corroded,  the  use  of 
corrosion-resistant  metals  other  than  steel  may  be  desirable,  even  if  greater 
in  first  costs.  Wholly  austenitic  stainless  steels  are  very  resistant  to  under- 
ground corrosion.  In  most  environments  copper,  red  brass,  and  copper- 
silicon  alloys  will  resist  corrosion  and  may,  at  times,  be  used  to  advantage. 
However,34  soils  with  a  high  content  of  organic  matter  or  alkaline  soils,  in 
which  the  ratio  of  clorides  and  carbonates  to  sulfate  is  high  may  be 
corrosive.  Copper  should  not  be  embedded  directly  in  cinders  or  in  tidal 
marshes  where  it  may  be  subjected  to  attack  by  sulfur  compounds.  Lead36 
corrodes  chiefly  in  soils  deficient  in  oxygen  or  containing  cinders.  Because 
lead  is  corroded  to  a  considerable  extent  inmost  soils,  lead  coatings  applied 
to  steels  are  not  adequate  for  underground  use. 

Galvanized  iron  pipe  will  resist  corrosion  for  various  periods  of  time, 
depending  on  the  soil  and  how  long  the  galvanized  coating  lasts.  The  zinc 
used  for  the  galvanized  coating,  is  on  the  electrochemical  protective  side 
of  the  iron,  and  the  zinc  is  corroded  and  changed  to  zinc  compounds 
before  the  iron  is  attacked.  This  accounts  for  the  protection  afforded  by 
galvanized  iron.  Even  if  some  protection  is  obtained,  eventually  the 
galvanized  coatings  are  destroyed  by  chemical  action  and  the  corrosion 
of  the  steel  begins. 

Protective  Coating 

Protective  coatings  for  buried  pipe  lines  are  in  a  class  by  themselves 
because  of  the  unusual  service  conditions,  and  because  it  it  not  possible  to 
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maintain  them  by  recoating  when  necessary.  Buried  steel  pipe  lines  have 
been  protected  against  corrosion  with  considerable  success  by  the  use  of 
very  thick  bituminous  coatings  applied  in  molten  condition.  The  best 
results  are  obtained  by  applying  the  bituminous  coatings  over  a  standard 
priming  coat  such  as  red  lead  or  a  bituminous  paint,  and  for  long  service 
it  has  been  found  that  after  the  bituminous  coatings  are  applied,  a  wrap- 
ping of  asbestos  fabric  saturated  with  bitumens  will  prevent  movement 
and  displacement  of  the  bituminous  coatings,  and  add  greatly  to  the  length 
of  time  satisfactory  protection  will  be  maintained. 

Cathodic  Protection 

Protection  is  obtained  by  rendering  the  structure  cathodic  to  the  sur- 
rounding water  or  soil  by  means  of  a  controlled  difference  of  potential 
This  method,  'which  has  proved  satisfactory  and, economical  on  a  number 
of  gas  and  oil  pipe  lines  underground,  has  also  been  applied  with  some 
success  to  the  protection  of  the  inside  of  water  storage  tanks  and  other 
structures  that  are  in  contact  continuously  with  water.  Protective 
coatings  that  insulate  a  large  portion  of  the  metal  surface  will  reduce  very 
materially  the  total  amount  of  protective  current  that  it  is  necessary  to 
impress  on  bare  anodic  areas,  to  arrest-corrosion. 

Because  of  differences  in  environmental  conditions,  it  is  necessary  to 
determine  or  estimate  the  minimum  current  density  required  for  each 
structure,  and  design  the  anode  or  anodes  so  that  the  necessary  protection 
can  be  obtained  most  economically.  In  water  having  relatively  high 
electrical  conductivity  such  as  in  sea  water,  this  is  comparatively  easy 
compared  with  fresh  water.  In  the  latter,  the  composition  of  the  water 
is  a  major  factor.  It  is  therefore  desirable  to  obtain  an  accurate  estimate 
of  the  minimum  current  density  required.  The  current  is  then  controlled 
by  the  potential  between  the  anode  and  the  structure  to  be  protected. 

Rectifiers  have  generally  proved  to  -be  the  most  practical  means  for 
supplying  the  necessary  current  for  protection  of  surfaces  in  contact  with 
neutral  waters.36 

HANDLING  WATER  TREATING  CHEMICALS 

Virtually  all  the  chemicals  used  in  water  conditioning  are  injurious  if 
taken  internally  in  large  doses.  Many  also  cause  severe  skin  irritation. 
Thus,  they  should  be  handled  with  caution. 

Caustic  soda,  lime,  and  concentrated  sulphuric  acid  will  burn  the  flesh. 
In  addition,  if  mixed  with  small  amounts  of  water,  sufficient  heat  may  be 
generated  so  that  spattering  occurs  or  the  container  becomes  too  hot  to 
handle. 

The  chlorophenol  compounds,  even  in  the  low  concentrations  used  in 
water  conditioning,  have  been  reported  to37  produce  dermatitis.  Chrpm- 
itch  is  not  uncommon  among  workers  handling  chrornates.  The  amines 
are  said  to  be  absorbed  through  the  skin.38  Morpholine  is  said  to  cause 
kidney  and  lung  trouble  when  so  absorbed. 

Chlorine  gas  irritates  the  skin,  eyes,  and  mucous  membranes.  Concen- 
trations as  low  as  0.004  per  cent  by  volume  in  air  cause  dangerous  illness 
in  0.5  to  1  hour. 

When  relatively  large  amounts  of  the  non-gaseous  chemicals  are  to  be 
handled,  protective  clothing,  including  goggles,  should  always  be  pro- 
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vided,  and  a  shower  head  or  its  equivalent  provided  at  or  very  near  the 
point  where  the  chemicals  are  mixed.  Chemicals  should  always  be  washed 
from  the  skin  with  large  volumes  of  water. 

For  the  handling  of  chlorine  and  chlorinators,  the  U.  S.  Public  Health 
Service39  stipulates  the  following  safety  requirements  : 

1.  Suitable  gas  masks  and  a  small  bottle  of  ammonia  for  testing  for  leaks  should  be 
kept  at  convenient  points  immediately  outside  the  room  or  enclosure  in  which  chlo- 
rine is  being  stored  or  is  in  use.    Gas  masks  should  be  inspected  at  regular  intervals 
and  kept  in  serviceable  condition.    Note :— All-purpose  masks  offer  adequate  pro- 
tection only  when  the  concentration  of  acid  gases  does  not  exceed  two  per  cent- 
See  safe  Practises  Pamphlet  % 64  National  Safety  Council, 

2.  Chlorinating  equipment  and  cylinders  of  chlorine  should  be  housed  preferably 
in  separate  buildings  above  the  ground  level. 

3.  The  room  or  building  housing  chlorinators  in  service  should  be  maintained  at 
a  temperature  above  60  F,  but  never  in  excess  of  the  normal  summer  temperature. 
The  cylinders  of  chlorine  should  be  shielded,  where  necessary,  from  excessive  heat 
or  cold.    Direct  heat  should  not  be^  applied  to  cylinders  of  chlorine,  nor  should  hot 
water  be  poured  over  them  or  come  in  contact  with  the  cylinder  valve. 

4.  Adequate  ventilation  should  be  provided  for  all  enclosures  in  which  chlorine  is 
being  fed  or  stored. 

5.  All  joints  of  tubing  connecting  chlorine  cylinder  and  chlorinators  should  be  kept 
absolutely  tight  and  inspected  frequently  to  insure  tightness.    Tubing  should  slope 
upward  from  the  cylinder. 

LEGAL  REGULATIONS 

In  a  number  of  states,  the  water  used  for  humidification,  even  in  in- 
dustrial plants,  is  required  to  meet  drinking  water  standards  insofar  as 
bacteriological  quality  is  concerned.  A  ruling  of  the  U.  S.  Department  of 
Agriculture,  Meat  Inspection  Division  prohibits  the  use  of  chromate  in 
water  used  for  air  washing  when  the  air  later  contacts  foodstuffs.40 

There  is  an  ever  growing  consciousness  on  the  part  of  public  health 
officials  of  the  necessity  for  regulations  to  protect  potable  water  supplies. 
Attesting  this  is  an  ordinance41  now  in  effect  in  Detroit,  Michigan,  which 
stipulates  in  part : 

"No  physical  connection  shall  be  maintained  between  lines  carrying  city  water 
and  pipes,  pumps,  or  tanks  supplied  from  any  other  source.  Where  dual  supplies 
are  necessary  or  desired,  lines  carrying  city  water  must  be  protected  against  back 
flow  of  polluted  water  by  an  atmospheric  gap.  Secondary  supplies  and  emergency 
sources  shall  include :  surface  waters  from  rivers,  lakes,  ponds,  lagoons,  and  reservoirs ; 
well  waters  both  deep  and  shallow;  any  supply  of  water  which  has  been  stored,  held, 
or  reserved  after  being  used  for  industrial  purposes;  cooling  water,  or  water  which 
has  in  any  way  been  treated,  processed,  or  has  been  subjected  or  exposed  to  any  con- 
tamination of  a  bacteriological  or  chemical  nature;  and  water  from  any  other  source 
than  the  city  supply." 

The  U.  S.  Public  Health  Service  stipulates: 

"Salts  of  barium,  hexavalent  chromium,  heavy  metal  glucosides.  or  other  sub- 
stances with  deleterious  physiological  effects,  shall  not  be  allowea  in  the  water 
supply  system." 

The  same  agency  recommends  that  the  concentration  of  the  substances 
listed  be  held  below  the  values  cited  in  Table  8.  The  Board  of  Directors 
of  the  American  Water  Works  Association  has  accepted  these  values  as 
standard  for  all  public  water  supplies  in  the  United  States.42  While  their 
action  is  not  binding,  prudence  dictates  that  no  form  of  treatment  should 
be  used  that  will  result  in  raising  the  concentration  of  the  substances  listed 
above  the  value  cited. 

Since  virtually, all  of  the  permissible  chemicals  used  for  scale,  slime,  and 
corrosion  control  have  deleterious,  physiological  effects  if  taken  internally 
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TABLE  8.    RECOMMENDED  MAXIMUM  ALLOWABLE  CONTENT  IN  WATEB  SUPPLY® 


SUBSTANCE 

MAX 
CONCENTRATION, 
ppm 

SUBSTANCE 

MAX 
CONCENTRATION, 
ppm 

CoDDer  

3.0 

Arsenic  

005 

Iron  &  Manganese  (Total)  .  . 

0.3 

Selenium  

0.05 

Magnesium  

125.0 

Phenols  (Total)  

0.001 

2tlnc  

15.0 

Poly-phosphate  of  Sodium.  . 

100 

Lead 

01 

pH  Value  @  250 

106 

Fluorine  

1.0 

*  U.  S.  Public  Health  Service. 

in  relatively  large  doses,  they  should  always  be  carefully  proportioned.  To 
insure  this,  the  Detroit  ordinance  stipulates  that  the  chemical  feeding 
device  must  have  the  following  major  characteristics: 

"1.  There  shall  be  a  visible  means  of  checking  the  quantity  of  material  being 
applied  by  the  feeding  device. 

2.  A  water  metering  device,  sealed  to  prevent  tampering,  shall  be  installed  to 
measure  the  flow  of  water  being  treated. 

3.  The  device  shall  be  constructed  so  that  in  the  event  of  back-flow  or  vacuums, 
the  maximum  amount  of  material  that  may  be  possibly  back-siphoned  from  the 
device  or  any  of  its  attachments  or  parts  shall  not  exceed  one  fluid  ounce. 

4.  Should  there  be  a  failure  of  the  water  metering  device  or  the  water  supply, 
the  feeding  device  shall  automatically  cease  operating." 

REFERENCES 

1  Annual  Report  (1947)  Committee  D-19  (American  Society  for  Testing  Materials). 

2  Corrosion  Handbook,  edited  by  H.  H.  Uhlig,  (John  Wiley  &  Sons,  p.  27). 
8  Discussion,  Corrosion  and  Material  Protection,  May  1945,  p.  2. 

4  Round-Table  Discussion  on  Organizing  the  Classification  of  Industrial  Waters, 
by  W.  C.  Schroeder  (Proceedings,  American  Society  for  Testing  Materials,  Vol.  44 

1944,  p.  1051). 

5  Typical  Water  Analyses  for  Classification  with  Reference  to  Industrial  Use,  by 
W  D   Collins  (Proceedings,  American  Society  for  Testing  Materials,  Vol.  44,  1944, 
p.' 1057). 

«  A.S.T.M.  Standard  D-596— 41  (American  Society  for  Testing  Materials). 

7  Discussion  on  Preventing  Solution  of  COS  in  Condensates,  by  E.  W.  Guernsey 
(A.S.BLV.E.  TRANSACTIONS,  Vol.  51, 1945,  p.  69). 

8  Studies  of  the  Mechanism  of  Solution  of  CO*  in  Condensates  Formed  in  Steam 
Heating  Systems  of  Buildings,  by  L.  F.  Collins  (A.S.H.V.E.  TBANSACTIONS,  Vol.  51, 

1945,  p.  39). 

»  The  Analytical  Control  of  Anti-Corrosion  Water  Treatment,  by  W.  F.  Langelier 
(Journal,  American  Water  Works  Association,  Vol.  28,  1936,  p,  1500). 

1°  Surface-Active  Properties  of  Hexametaphosphate,  by  G.  B.  Hatch  and  Owen 
Rice  (Industrial  and  Engineering  Chemistry,  Vol.  31, 1939,  p.  51). 

«  Slime  Control  in  Cooling  Equipment  with  Phenol  Derivatives,  by  J.  A.  Holmes 
(Proceedings,  Annual  Water  Conference,  Engineers  Society  of  Western  Pennsylvania, 
1944  p.  61). 

I'Tuberculation  of  Mains  as  Affected  by  Bacteria,  by  H.  ^'i11^^^^8^' 
Linderman  (Journal,  New  England  Water  Works  Association,  Vol.  46,  1932,  No.  42). 

«  Microbiological  Anerobic  Corrosion  of  Steel  Pipe  Lines,  by  R.  F.  Hadley  (The 
Oil  and  Gas  Journal,  September,  1939). 

"  Tests  of  Corrosion  Inhibitors  for  Water  Treatment  in  Air  Conditioning  Equip- 


894  CHAPTER  42  I9SO  Guide 

ment,  by  James  H,  Wilson  and  E.  C.  Groesback  (Research  Paper  1305,  National 
Bureau  of  Standards  Journal  of  Research,  Vol.  24, 1940,  p.  665), 

15,  The  Control  of  Corrosion  in  Air-Conditioning  Equipment  by  Chemical  Methods, 
by  C.  M.  Sterne  (Proceedings,  American  Society  for  Testing  Materials ,  Vol.  38,  1935, 
Part  2,  p.  261). 

16  Cold  Water  Vacuum  Deaeration,  by  S.  T.  Powell  (Proceedings,  Water  Confer- 
ence, Engineers3  Society  of  Western  Pennsylvania,  1945S  p.  51). 

17  Corrosion — Causes  and  Prevention,  by  F.  N.  Speller  (McGraw  Hill  Book  Co., 
1935,  p.  366). 

1S  Corrosion  Control  with  Threshold  Treatment,  by  G.  B.  Hatch  and  Owen  Rice 
(Industrial  and  Engineering  Chemistry,  Vol.  32,  1940,  p,  1572). 

19  Refrigeration  Data  Book  (American  Society  of  Refrigerating  Engineers,  1936, 
p.  404). 

20  Engineering  Problems  of  Water  Treatment,  by  L.  F.  Collins  (Power  Plant  Engi- 
neering, Vol.  50,  July  1946,  p.  78-81, 120). 

21  See  p.  470  of  Reference  18. 

22  Studies  in  The  Detroit  Edison  Co.  (Unpublished). 

28  Preventing  the  Solution  of  CO  2  in  Condensates  by  Venting  of  the  Vapor  Space 
of  Steam  Heating  Equipment,  by  D.  S.  McKinney,  J.  J.  McGovern,  C.  W.  Young 
and  L.  E.  Collins  (A.S.H.V.B.  TKANSACTIONS,  Vol.  51,  1945,  p.  53). 

24  Corrosion  in  Steam  Heating  Systems,  by  Leo  F.  Collins  and  Everette  L.  Hender- 
son (Heating,  Piping  and  Air  Conditioning,  October  1939,  p.  620). 

2fi  U.  S.  Patent  1,395,730. 

*«  U.  S.  Patent  2,053,024. 

**  U.  S.  Patent  1,903,287. 

28  Treating  Steam  Chemically  to  Reduce  Return  Line  Corrosion,  by  A.  A.  Berk 
(Industry  and  Power,  VoL  53,  Nov.  1947,  p.  79). 

28  Tests  in  The  Detroit  Edison  Co.  (Unpublished). 

&0  More  Information  Concerning  Corrosion  in  Steam  Heating  Systems,  by  L.  F. 
Collins  (Proceedings,  Water  Conference,  Engineers9  Society  of  Western  Pennsylvania. 
1943,  p.  37). 

?1  Rubber  Linings  and  Coatings,  by  J.  J.  McNeil  (Corrosion  and  Material  Protec- 
tion, March-April,  1947). 

32  Protection  of  Steel  Bins  from  Corrosion,  by  JF.  V.  Schaefer  (Power  Plant  Enai- 
neering,  Vol.  26,  1922,  p.  632). 

33  Some  Notes  on  Corrosion  of  Cast-iron.  Sectional  Boilers,  by  E.  R.  Walters 
(The  Institution  of  Heating  and  Ventilating  Engineers,  Preprint,  1944). 

34  See  p,  67  of  Reference  2. 

35  Soil  Corrosion  Studies,  1941  by  K.  H.  Logan  and  M,  Romanoff  (National  Bu~ 
reau  of  Standards  Journal  of  Research,  Vol.  33,  1944,  p.  145). 

36  Cathodic  Protection  of  Steel  Equipment  Submerged  in  Water,  by  L.  P.  Sudra- 
bin  (Proceedings,  Water  Conference,  Engineers'  Society  of  Western  Pennsylvania. 
1944) . 

37  A  discussion  by  D.  W.  Haering  (See  p^  66  of  Reference  11). 

38  Cyclohexylamine  and  Dicyclohexylamine,  by  T.  S.  Carswell  and  H.  L.  Morrill 
(Industrial  and  Engineering  Chemistry,  Vol.  29,  1937,  p.  1247). 

39  Drinking  Water  Standards,  etc.  (Reprint  No.  2440,  Public  Health  Reports  Vol 
58,  No.  3,  January  15,  1943). 

40  Discussion  of  Ref .  15,  by  R.  M.  Palmer, 

41  Official  Plumbing  Code  of  the  City  of  Detroit,  Article  V. 
48  Private  Communication  from  H.  S.  Jordan,  A.W.W.A, 


43 

AND 

Fixed  Charges :  Amortization,  Interest ,  Taxes,  Insurance,  Kent ;  Maintenance  Coste, 

Service  Costs :  Operating  Refrigeration  Equipment) 

Condenser  Water,  Heating 

FT1HE  purpose  of  this  chapter  is  to  discuss  the  owning  and  operating 
A  costs  of  heating,  ventilating,  air  conditioning  and  refrigeration  systems 
for  buildings  from  an  economic  standpoint  so  that  owners  or  prospective 
purchasers  may  compare  the  operating  economics  of  one  system  with 
another  and  evaluate  properly  the  overall  costs  of  the  systems  instead  of 
considering  only  the  first  cost. 

There  are  cases  in  which  it  may  be  desirable  to  study  the  possibilities 
of  installing  a  system  for  the  purpose  of  obtaining  a  substantial  increase 
in  income  or  a  better  return  on  the  investment  due  to :  increased  patronage 
in  theaters,  stores,  or  hospitals;  increased  occupancy  in  office  buildings; 
improved  efficiency  of  employees  in  offices  or  factories;  or  improvement  in 
a  manufactured  product?  or  a  decrease  in  its  cost  of  production. 

Owning  and  Operating  Costs  may  be  grouped  under  three  headings:  (1) 
Fixed  Charges,  (2)  Maintenance  Costs,  and  (3)  Service  Costs. 

CHARGES 

Fixed  Charges,  which  are  the  costs  of  owning  the  system,  include:  ,(1) 

Amortisation,  (2)  Interest,  (3)  Taxes,  (4)  Insurance,  and  (5)  Rent. 

Amortisation 

Amortization  cost  will  depend  on:  (1)  the  total  first  cost,  and  (2)  the 
amortization  period. 

The  total  first  cost  of  an  installation  is  the  actual  dollar  outlay  or  capital 
expenditure  required  to  buy  and  install  the  air  conditioning,  or  heating 
and  ventilating  system  ready  for  operation.  It  can  be  divided  into  two 
parts :  (a)  The  first  cost  of  the  air  conditioning  or  heating  and  ventilating 
system  itself,  and  (6),  other  first  costs  incurred  because  of  the  installation 
of  the  air  conditioning  or  heating  and  ventilating  system. 

The  first  cost  of  air  conditioning  or  heating  and  ventilating  systems  in- 
cludes the  following : 

1.  Heat  producing  equipment  including  boilers,  burners,  etc. 

2.  Heat  distributing  equipment  including  direct  radiation,  piping,  etc. 

3.  Air  handling  equipment  including  fans,  air  heaters,  air  conditioners,  filters, 
controls,  etc. 

4.  Air  distributing  equipment  including  ducts,  outlets,  grilles,  etc. 

5.  Refrigerating  equipment  including  piping,  pumps,  etc. 

6.  Water  conservation  devices  including  towers,  evaporative  condensers,  etc. 

The  best  procedure  for  establishing  the  first  cost  of  any  system  is  to 
select  the  various  parts  after  thorough  engineering  study,  and  then  to  esti- 
mate the  installed  costs  of  same.  When  such  detailed  work  is  not  war- 
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ranted,  or  when  only  rough,  comparisons  are  desired  between  several  types, 
approximate  unit  costs  are  of  value  as  time  savers. 

Approximate  installed  prices  of  the  various  parts  are  shown  in  Tables 
1,  2,  and  3  and,  as  indicated,  vary  with  the  size  or  capacity  of  the  equip- 
ment. The  apparatus  and  items  included  in  each  group  are  stated  in  the 
footnotes  beneath  the  tables.  By  use  of  these  three  tables  it  is  possible 
to  obtain  a  reasonable  approximation  of  the  cost  of  heating  or  air  con- 
ditioning a  given  space  or  building.  In  order  to  use  the  approximate 
values  indicated  in  Tables  1,  2  and  3,  a  rough  estimate  of  the  load  is  re- 
quired. If  time  does  not  permit  a  determination  of  the  load,  and  if  ex- 
tremely rough  figures  will  suffice,  Table  4  may  be  used  as  an  indication  of 
the  price  of  various  types  of  air  conditioning  applications. 

Other  first  costs,  incurred  because  of  the  installation  of  the  air  condition- 
ing or  heating  and  ventilating  system,  include  costs  of  electrical  work, 
plumbing,  miscellaneous  piping,  building  alterations,  cutting,  patching, 
remodeling,  or  redecorating  after  installation,  consulting  engineer's  fees, 
licenses,  permits,  etc.  These  vary  so  widely  that  no  approximations  are 
possible,  and  each  case  must  be  considered  alone. 

The  length  of  the  amortization  period  to  be  used  depends  upon :  the  type 
and  remaining  life  of  the  building  or  space  for  which  the  system  is  to  be 
used;  the  type  of  equipment  to  be  employed  as  a  part  of  the  system;  the 
character  of  the  business;  and  the  lease  or  ownership  conditions.  For 
small  shops  in  rented  quarters  on  short  term  leases,  a  period  of  5  years  or 


TABLE  1*    TYPICAL  INSTALLED  COSTS  OF  HEAT  PRODUCING  AND  HEAT  DISTRIBUTING 

STSTBMS 


COST  IN  DOLLARS  —  PER  MILLION  BTU  PER  HouR*>b 

Bxu 

PER 

SOFT 

Ej>R 

BOILER 

I 

2 

3 

4 

HOUR 
(MILLIONS) 

(STEAM) 
THOUSANDS 

HOUSE 
POWER 

BOILERS 
WATER 

TUBE 

BOILERS 
FIRE-TUBE 

HOT  WATER 
SYSTEM 
FORCED 
CIRCULA- 
TION 

DIRECT 
RADIATION 
SYSTEM 

STEAM 

0.8 

3.3 

24 

2100 

8500 

7850 

1.2 

5.0 

36 

2300 

1750 

8200 

7600 

1.6 

6.6 

48 

2000 

1570 

8000 

7350 

2.0 

8.3 

60 

1850 

1460 

7800 

7200 

3.0 

12.5 

90 

1600 

1230 

7600 

7000 

4.0 

16.6 

119 

1400 

1100 

7500 

7000 

5,0 

20.8 

149 

1250 

980 

7500 

7000 

6.0 

25.0 

179 

1160 

920 

7500 

7000 

7.0 

29.2 

209 

1100 

880 

7500 

7000 

8.0 

33.3 

239 

1050 

850 

7500 

7000 

10.0 

41.6 

299 

1000 

7500 

7000 

12.0 

50.0 

358 

970 

7500 

7000 

14.0 

58.3 

418 

930 

7500 

7000 

16.0 

66.6 

478 

900 

.7500 

7000 

18,0 

75.0 

538 

860 

7500 

7000 

*  Columns  1  and  2  include  hand  fired  boiler  erected,  with  shaking  grates  and  standard  trimmings,  Column 
1  includes  brickwork  and  rotating  soot  blowers.  Foundations  and  piping  are  not  included. 

Columns  3  and  4  include  direct  radiation,  piping,  valvea,  specialties,  and  insulation.  Boilers,  condensate 
and  circulating  pumps,  boiler  connections,  and  all  building  construction  or  alterations  are  not  included. 

b  The  approximate  figures  given  above  may  vary  as  much  as  30  per  cent  due  to  job  conditions,  labor  rates, 
and  locality.  These  figures  represent  the  selling  prices  of  the  individual  items  indicated  above  based  on  costs 
encountered  in  the  year  1940.  It  is  suggested  that  correction  be  made  according  to  the  particular  locality  for 
increases  in  labor  and  material  costs  since  that  year. 
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TABLE  2.    AVEBAGE  INSTALLED  COSTS  OF  FOKCED  AIK  HEATING  AND 
AIE  CONDITIONING  APPAKATTTS 


COST  PER  CFM—  DOLLARS* 

CFM 

SUPPLY 
AIR 

1 

2 

3 

4 

(THOUSANDS) 

AIR 
CONDITIONING 
EQUIPMENT* 

HEATING  AND 
VENTILATING 
EQUIPMENT^ 

DUCTS 
OFFICE  BLDGS.C 

DUCTS 
SPECIALTY  STORBSO 

5 

0.300 

0.210 

0.250 

10 

0.270 

0.180 

0.249 

15 

0.250 

0.155 

0.247 

20 

0.235 

0.140 

0.245 

SO 

0.220 

0.120 

0.240 

40 

0,210 

0.110 

0.340 

0.235 

60 

0.210 

0.110 

0.330 

0.230 

80 

0.210 

0.110 

0.325 

100 

0.210 

0.110 

0.320 

120 

0.210 

0.110 

0.310 

140 

0.210 

0.110 

0.305 

160 

0.210 

0.110 

0.295 

180 

0.210 

0.110 

0.290 

200 

0.210 

0.110 

0.280 

ft  Air  conditioning  equipment  includes  fans  and  drives,  filters,  heaters,  spray  dehumidifiers  or  cooling  coils, 
automatic  controls,  apparatus  casings  and  insulation,  and  recirculating  pumps. 

b  Heating  and  ventilating  equipment  includes  fans  and  drives,  niters,  heaters,  automatic  controls  and  ap- 
paratus casings. 

°  Includes  ducts,  grilles,  outlets,  insulation  where  required  and  specialties. 

d  The  approximate  figure  given  above  may  vary  as  much  as  35  per  cent  due  to  job  conditions,  labor  ratee 
and  locality.  Figures  are  based  on  conventional  systems .  Building  alterations,  piping,  plumbing  and  wiring 
are  not  included.  These  figures  represent  the  selling  prices  of  the  individual  items  indicated  above  based  on 
costs  encountered  in  the  year  1940 .  It  is  suggested  that  correction  be  made  according  to  the  particular  locality 
for  increases  in  labor  and  material  costs  since  that  year. 


TABLE  3. 


AVERAGE  INSTALLED  COSTS  OF  REFKIGEEATION  SYSTEMS  AND  WATEB 
SAVING  DEVICES 


COST— DOLLARS  PER  TON* 


TONS 

I 

2 

3 

4 

5 

6 

REFRIG- 

ERATION 

RECIPRO- 
CATING 
(WATER 
COOLING)* 

CENTRIFUGAL 
(WATER 
COOLING)  » 

RECIPRO- 
CATING 
-  DIRECT 
EXPANSION^ 

EVAPO- 
RATIVE 
CONDENSER^ 

COOLING 
TOWE$ 

STEELd 

COOLING 
TOWER 

WOOD* 

25 

147 

106 

47 

50 

132 

86 

40 

75 

125 

77 

35 

100 

120 

72 

32 

47 

40 

150 

115 

137 

68 

30 

45 

38 

200 

113 

124 

44 

36 

250 

110 

115 

42 

35 

300 

107 

40 

33 

400 

97 

38 

31 

500 

93 

36 

29 

*  Columns  1  and  2  include  compressors,  evaporators,  and  water-cooled  condensers;  auxiliaries;  electric 
motor,  starter  and  drive;  refrigeration  piping,  refrigerant  and  insulation  of  cooler  and  suction  lines.  Turbine 
driven  centrifugal  equipment  may  cost  about  4  to  6  per  cent  more  than  motor  driven,  if  condensing  turbine 
andsteam  condenser,  with  supplementary  equipment,  are  used. 

•*  Column  3  includes  same  items  as  Column  2  except  evaporator  and  auxiliaries  are  omitted. 

0  Column  4 — These  values  are  additive  to  Columns  1  and  3. 

d  Columns  5  and  6  include  towers  erected  and  a  reasonable  allowance  for  .condenser  water  piping  and  pumps. 

0  The  approximate  figures  given  above  may  vary  as  much  as  25  per  cent  due  to  job  conditions,  labor  rates 
and  locality.  Building  alterations,  supply  water  and  plumbing  connections,  wiring,  chilled  water  piping 
and  pumps  are  not  included  in  these  figures  and  may  vary  widely,  Chilled  water  piping  and  pump  costs 
may  vary  between  $10  and  $60  per  ton  of  refrigeration  effect.  These  figures  represent  the  selling  prices  of  the 
individual  items  indicated  above  based  on  coste  encountered  in  the  year  1940.  It  is  suggested  that  correction 
be  made  according  to  the  particular  locality  for  increases  in  labor  and  material  costs  since  that  year. 
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less  may  be  proper,  whereas  for  larger  installations  in  buildings  that  are 
owned  outright,  a  period  of  10  or  20  years  or  more  may  be  used. 

^  Depreciation^  due  to  deterioration  and  obsolescence  must  also  be  con- 
sidered in  arriving  at  the  amortization  period.  Deterioration  and  mainte- 
nance generally  go  hand  in  hand.  If  a  long  depreciation  period  is  to  be 

TABLE  5.    APPROXIMATE  LIFE  OF  EQUIPMENT 
(Including  Obsolescence  and  Deterioration)* 


LIFE  IN  YEAXS 


1.  HEAT  PRODUCING  EQUIPMENT 

(a)  B oilers 

(&)  Stokers  and  burners 

2.  HEAT  DISTRIBUTING  EQUIPMENT 

(a)  Piping — copper 

(b)  Piping — iron.. . 

(c)  Radiation — concealed 

(d)  Radiation — direct 

(e)  Valves  and  specialties...- 


i  HANDLING  EQUIPMENT 

Filters — automatic 

Heating  and  cooling  coils 

Spray  humidifiers  and  dehumidified 

Fans. 

Air  conditioning  units 

Motors 

Electrical  starting  equipment 

Pneumatic  control  systems 

Electric  control  systems 

4.  AIR  DISTRIBUTING  EQUIPMENT 

(a)  Ductwork. . 

(&)  Outlets,  grilles 

(c)   Duct  insulation 

5.  REFRIGERATING  EQUIPMENT 

Centrifugal  refrigerating  machines 

Reciprocating"  refrigerating  machines 

Motors  and  starters  (see  item  3  above).- 
Pioinc? — coooer  >  ........ 

»i  (p  *..*)£  VWJ^t.»>«*.  ........ 

Piping- — steel 

Pis  nips .... 


6.  WATER  SAVING  DEVICES 

(a)  Evaporative  condensers... 

(b)  Cooling  towers 

(c)  Wells . 


15 
10 


20 

10 
12 

10 
5 


8 

10 
10 
10 
10 
15 

8 
10 

8 


20 

20 
10 


15 

10 

20 
15 
15 


10 
10 

Varies -Widely  . 


»  Modern  Air  Conditioning,  Heating  and  Ventilating,  W.  H.  Carrier,  R,  E.  Cherae  and  W.  A.  Grant  (Pit- 
man Publishing  Corp.  1940,  p.  68). 


used,  then  the  item  for  maintenance,  repair  and  replacement  of  wearing 
parts  must  be  greater  than  for  a  short  depreciation  period. 

Obsolescence  depends  mainly  on  time  required  for  the  equipment  to 
become  out-modecL  Air  conditioning,  particularly,  would  probably  suffer 
more  from  obsolescence  in  small  plants  than  in  large  establishments.  In 
addition  the  obsolescence  of  the  building  or  property  in^  which  the  equip- 
ment is  installed  may  have  a  similar  effect  upon  the  equipment. 
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An  approximation  of  the  useful  life  of  various  items  of  equipment  and 
parts  of  systems  is  shown  in  Table  5.  It  should  be  noted^that  if  an  appro- 
priate maintenance  item  is  not  established,  the  rate  of  equipment  deteriora- 
tion may  be  substantially  increased. 

Interest 

The  interest  chargeable  may  not  represent  the  existing  money  rates* 
It  may  include  an  item  to  cover  the  diversion  of  capital  or  other  items 

TABLE  6.    OWNING  AND  OPERATING  COST 


FIRST  COST 

ANNUAL  SERVICE  COST 

Cost  of  mechanical  system  . 

Electric  Power  Costs 

Other  costs 

Fsns 

First  Cost  (FC)  —  Total 

Pumps  —  Chilled  water.  

Pumps  —  Condenser  water.. 

ANNUAL  FIXED  OHARGSS 

Pumps  —  Well  water  
Cooling  tower  fans  ..  „  

Cooling  tower  pumps  

Refrigeration  machines.  

Amortization  —  Depreciation 

Miscellaneous  or  other  

period  Y  years  

Gas 

Interest  rate  1%  

Coal 

Amortization  and  Deprecia- 
tion 

Oil  —  for   boilers  or   Diesel 
engines  

FC 

Steam 

Y       —    

For  direct  heating  

Y  4-  1 
Interest:  ^—  -  X  I  »-.    . 

For  Ventilation  —  preheat- 

2Y 
Taxes. 

For  Ventilation  —  reheaters 

Insurance  ,   

For  Turbine  driven  equip- 

Rent 

ment  

Annual  Fixed  Charges: 

For  Engine  driven  equip- 
ment    .  

(Total)  

Sewers 

Charges    for    discharging 

well   water  into   public 
drainage  systems 

Annual  Service  Costs  — 

TfYTAT 

Lubricating  oil  and  grease.  

J.  U  I  AJu  .,...,  ....... 

Painting   for   corrosion    pro- 
tection or  other  purposes.  

SUMMARY 

J\eDlaceznent  Q£  "wor/ri  Darts 

Refrigerant  

Annual  Fixed  Charges 

Wages  of  engineer  or  operator 

Annual  Service  Costs 

Annual  Maintenance  Cost  — 

Annual  Maintenance  Costs 

TOTAL.  

Annual  Owning  and  Oper- 
ating Costs  —  TOTAL  

depending  on  existing  tax  laws  which  may  make  it  necessary  to  charge 
interest  due  to  diversion  of  capital  as  a  cost  item.  It  should  be  noted  that 
interest  may  be  based  on  an  unamortized  balance.  As  an  example,  a  15 
year  amortization  period  with  a  4  per  cent  interest  rate  will  approximate  a 
2.1  per  cent  average  annual  interest  rate. 

Taxes 

The  taxes  chargeable  will  be  the  proportion  of  property  tax  caused  by 
the  increased  valuation  of  the  property  due  to  air  conditioning. 
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Insurance 

The  rate  for  Insurance  may  vary  considerably  depending  on  the  type 
of  structure  in  which  the  equipment  is  located  and  upon  other  governing 
factors.  A  rate  of  about  $0.60  per  $1,000  may  be  considered  as  being 
representative  for  normal  installations. 

Rent 

If  the  equipment  under  consideration  is  to  be  located  in  rented  or  leased 
quarters,  it  may  be  necessary  to  include  an  item  for  space  rental. 

An  orderly  arrangement  of  the  various  components  of  owning  and  oper- 
ating ^costs,  which  will  also  serve  as  a  check  list  to  forestall  inadvertent 
omissions,  is  illustrated  in  Table  6.  The  formulas  for  computing  amortiza- 
tion and  interest  are  given  in  the  table.  Interest  should  be  computed  on 
the  undepreciated  portion  of  investment  only. 

MAINTENANCE  COSTS 

Maintenance  costs  include  replacement  parts  and  the  labor  required  for 
making  repairs,  replacing  parts,  cleaning,  painting,  etc.  It  should  be  noted 

TABLE  7.    APPKOXIMATE  MAINTENANCE  COST  FOB  LABGE  AIR  CONDITIONING 
INSTALLATIONS,  USING  HIGH  QUALITY  EQTTIPMENT 


DOLLARS  PER  TON 
PER  YEAR 


Repairs  for  refrigeration  machinery.- 

Refrigerant 

Oil  and  grease. 

Painting  (Water  boxes  and  dehumidifiers).... 

Filters,  clean  and  reoil  4  times  per  year 

Controls,  outside  service 

Cleaning  air  conditioners. 


0.60 
0.25 
0.07 
0.25 
0.85 
0.15 
1.15 


that  major  overhauling  or  complete  replacement  may  restore  the  capital 
value  of  certain  items  of  equipment,  and  in  such  cases  the  costs  incurred 
may  not  necessarily  be  charged  as  maintenance  costs.  Generally,  routine 
labor  requirements  will  be  the  function  of  an  operating  engineer  or  staff, 
and  the  responsibility  of  this  group  may  extend  beyond  the  equipment 
being  discussed  here;  hence,  it  is  important  to  include  only  an  equitable 
share  of  the  time  of  this  group.  Extraordinary  repairs  involving  special 
machinery  will  usually  be  covered  by  contract  with  equipment  service  divi- 
sions, and  should  be  accounted  for  on  that  basis. 

Many  of  the  items  included  in  maintenance  costs  are  highly  variable 
and  depend  on  the  type  and  quality  of  the  purchased  equipment.  For 
large  air  conditioning  installations,  using  high  quality  equipment,  some 
approximate  costs  per  ton  are  given  in  Table  7, 

In  addition  to  the  costs  listed  in  Table  7,  consideration  should  possibly 
be  given  to  other  items  such  as :  water  treatment  for  boilers ;  other  boiler 
and  heating  plant  cleaning  and  repairs ;  repair  and  replacement  of  heating 
plant  valves,  traps,  and  vents ;  water  treatment  for  cooling  tower  or  chilled 
spray  water;  drive  belts,  possible  damage  due  to  freezing  weather;  cleaning 
of  air  ducts ;  and  repairs  to  insulation. 
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SERVICE  COSTS 

Service  costs  include  the  costs  for  power,  water,  steam,  coal,  oil,  etc., 
consumed  to  operate  the  system. 

From  the  selected  equipment  and  type  of  installation,  it  is  possible  to 
segregate  the  relatively  constant  power  loads  and  the  total  brake  horse- 
power. Annual  power  cost  can  then  be  figured  from  the  following  formula : 


,                  x      0.746  (bhp)  H  R 
annual  power  cost  = — — (1) 


where 


bhp  <—  Brake  horsepower. 
H  =  Annual  operating  hours. 
E  =  Power  rate,  dollars  per/kwhr. 
t\  «  Motor  efficiency  (decimal) . 

In  using  Equation  1  it  must  be  pointed  out  that  the  electric  rate,  R 
must  reflect  the  proper  combination  of  energy 'and  demand  rates.  These 
vary  widely  between  the  utility  companies,  and  sometimes  the  rate  struc- 
ture is  such  that  it  is  largely  the  demand  charge  which  determines  the 
proper  value  of  R  to  use  in  Equation  1. 

Refrigerating  Equipment  Operating  Cost 

In  an  air  conditioning  system,  the  refrigerating  equipment  is  usually  the 
largest  power-consuming  item  to  be  considered.  Also,  the  prediction  of 
operating  cost  is  more  complex,  since  the  power  required  for  summer  cool- 
ing is  affected  by  many  factors  which  are  of  a  variable  nature.  Among 
these  are  solar  radiation,  temperature  difference  between  outside  and  in- 
side, sensible  and  latent  heat  brought  in  with  outside  air,  sensible  and 
latent  heat  from  people,  heat  released  by  electric  lights,  and,  in  some  cases 
motor-driven  equipment,  cooking  devices,  and  other  equipment  used  in 
the  conditioned  spaces.  Some  of  these  factors  vary  with  the  weather,  while 
others  are  substantially  independent  of  it.  The  relative  proportion  of  each 
factor  varies  widely  even  among  installations  of  the  same  application, 
depending  on  building  layout  and  location,  the  size  and  quality  of  the 
establishment,  the  personal  idiosyncracies  of  the  owner,  and  other  items. 

In  a*  strict  sense,  it  is  necessary  to  evaluate  the  effect  of  all  such  factors 
in  order  to  predict  the  operating  cost  of  a  refrigeration  plant.  In  most 
cases  this  procedure  will  prove  to  be  too  tedious,  or  it  may  not  be  possible 
because  the  exact  breakdown  of  load  data  is  unknown^  The  use  of  a 
simplified  semi-rational  formula,  Equation  2,  which  takes  into  account  for 
each  application  the  number  of  hours  open  for  business  and  the  geographical 
location,  will  provide  a  value  of  H  which  may  be  used  in  Equation  3  to 
determine  the  Season  Power  Cost. 

H e  «  m  (b  +  cf)  (2) 

where 

He  *»  Equivalent  full  load  operating  hours  of  refrigeration  equipment  used  for 

summer  cooling  during  period  May  15  to  October  15. 
m  **  Total  hours  during  period  May  15  to  October  15  that  the  establishment  is 

open  for  business. 

6  —  Fraction  of  maximum  load  from  internal  heat  under  average  operating  con- 
ditions. 
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c  «*  Fraction  of  maximum  load  which  is  due  to  external  sources  at  maximum 
design  conditions. 

/  »  Ratio  of  the  number  of  hours  for  a  particular  city,  when  the  outside  wet-bulb 
exceeds  65  F,  during  the  period  June  1  to  October  1  to  the  total  number  of 
hours  during  that  same  period.  Total  hours  are  assumed  as  8  hr  per  day 
period  for  barber  shops,  department  stores,  funeral  parlors,  offices,  short 
hour  restaurants,  and  specialty  shops,  and  12  hr  per  day  period  for  drug 
stores,  long  hour  restaurants,  and  theaters. 

Table  8  was  calculated  from  Equation  2.  It  should  be  pointed  out  that 
certain  southern  cities  may  have  seasons  longer  than  the  5-month  period 
indicated  in  Table  8.  If  it  Is  desired  to  consider  a  longer  season  of  opera- 
tion, the  ratio  of  full  load  operating  hours  to  hours  open  for  business  is 
smaller ;  in  other  words,  the  refrigeration  load  factor  is  lower.  This  is  true 


CONDENSER     TEMPERATURE  ,  FAHRENHEIT    DECREES 

FIG.  1.  TYPICAL  BEAKB  HORSE  POWER  REQUIREMENTS  FOR  REFRIGERATION* 

*  Values  given  arc  representative  of  "P-12"  reciprocating  machines  of  about  25  tons  capacity  in  air  con- 
ditioning applications.  Requirements  of  smaller  machines  are  usually  higher,  and  for  larger  machines  may 
be  lower.  Values  shown  are  for  liquid  refrigerant  at  condenser  temperature  (no  aubcooHng).  Subcooling  of 
the  liquid  may  decrease  these  values  approximately  0.3  per  cent  to  0,5  per  cent  for  each  Fahrenheit  degree  the 
liquid  temperature  is  lowered. 

because  the  extra  increment  of  days  added  will  be  at  relatively  light  load, 
since  the  table  already  includes  the  more  severe  part  of  the  season. 

The  season  electrical  power  cost  for  refrigerating  equipment  is  then  given 
by  the  following  equation: 


Season  power  cost  •» 


(3) 


where 


bhpt  -  Brake  horsepower  per  ton  (see  Fig.  1)  for  average  load  during  period. 
(Due  allowance  should  be  made  for  poorer  compressor  efficiency  at  light 
load.) 

T  *»  Tons  of  refrigeration  at  maximum  design  load. 
H9  «=  Equivalent  full  load  refrigeration  operating  hours  (Table  8) . 
R  **  Power  cost,  dollars  per  kwhr,  including  demand  and  energy  charges. 
jl  «  Motor  efficiency  at  average  load  (decimal), 
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Table  9  will  be  useful  in  estimating  the  design  load  in  the  absence  of 
detailed  load  estimates. 

In  considering  refrigeration  power  consumption,  it  should  be  noted  that 
the  use  of  weather  records  for  a  specific  year  may  lead  to  large  inaccuracies 
in  estimating  operating  costs,  since  there  may  be  wide  variations  from 
year  to  year,  and  therefore,  average  yearly  weather  records  should  be  used 
rather  than  those  for  any  individual  year. 

If  the  refrigeration  compressor  is  steam  turbine  driven,  the  same  genera 
method  can  be  followed,  taking  into  account  average  water  rate  per  brake 
horse  power-hour  and  the  cost  of  steam. 

Condenser  Water 

Condenser  water  cost  estimates  can  also  be  based  on  equivalent  full  load 
operating  hours  of  the  refrigeration  equipment.  The  varying  temperature 
of  the  water  at  its  source,  as  well  as  the  temperature  of  the  discarded  water, 
must  however  be  taken  into  account.  In  general,  when  water  is  purchased, 
control  is  provided  to  hold  the  leaving  water  temperature  (or  condensing 

TABLE  9.    REPEESENTATIVB  TONS  PEE  100  SQ  FT  FOB  VAKIOUS  APPLICATIONS 


Low 

Avc 

HIGH 

Department  Store  (Main  Floor)  
Department  Store  (Upper  Floors)  
Dress  Sh  op..,.  ......  

Drug  Store  .  ... 

0.50 
0.29 
0.29 
0.33 
0.83 
0.21 
0.58 
0.29 
O.Q64 

0.58 
0.46 
0.50 
0.54 
1.08 
0.25 
0.75 
0.42 
0.078 

0.67 
0.54 
0.71 
0.83 
1.33 
0.38 
LOO 
0.63 
0.093 

Lunch  Room  
Office  Bldg  
Res  ta  u  ra  n  t  
Sh  oe  Shop  .  

Theater  (Tons  per  Seat)  

temperature)  constant;  and  in  such  case  the  entering  water  temperature 
becomes  the  major  variable,  and  the  gallons  per  minute  per  ton  can  readily 
be  calculated  for  any  water  temperature  rise. 

The  following  equation  for  cost  of  condenser  water  is  useful  : 


B  =  0.060  aTH*C 


(4) 


where 
B  * 


Cost  of  water  for  refrigeration  during  period,  dollars. 
a  =  Average  gallons  per  minute  (ton). 
T  SB  Tons  of  refrigeration  at  maximum  design  load. 
H9  «  Equivalent  full  load  refrigeration  operating  hours  (Table  8) . 
C  =  Water  cost,  dollars  per  1000  gal. 

The  average  gallons  per  minute  per  ton  must  take  into  account  the 
variable  water  temperature.  When  well  water  is  used  as  a  source,  and 
entering  and  leaving  temperatures  are  considered  constant,  the  average 
gallons  per  minute  per  ton  obviously  are  equal  to  the  design  gallons  per 
minute  per  ton.  However,  when  the  source  is  river  or  lake  water,  its  max- 
imum seasonal  temperature  will  generally  be  reached  at  the  same  time  that 
the  refrigeration  load  factor  is  highest.  The  average  gallons  per  minute  per 
ton  should  be  calculated  from  known  or  estimated  water  temperatures,  be- 
cause they  vary  through  the  season.  Maximum  water  main  temperatures 
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are  given  in  Chapter  34  but  should  always  be  verified  locally.  In  lieu  of 
this  tedious  work,  the  average  gallons  per  minute  per  ton  may  be  taken  as 
80  per  cent  of  design  gallons  per  minute  per  ton  with  reasonable  accuracy, 
for  the  condition  of  variable  temperature  of  entering  water  obtained  from 
rivers  and  lakes. 

When  cooling  towers  or  evaporative  condensers  are  used,  the  windage 
and  evaporation  losses  are  usually  between  3  per  cent  and  5  per  cent  of  the 
water  circulated. 

Heating 

The  method  of  estimating  fuel  consumption  to  balance  the  building  heat 
loss  is  given  in  Chapter  17.  It  is  important  to  include  the  fuel  required 
to  heat  ventilation  air  as  used  in  ventilating  and  air  conditioning  systems. 
In  estimating  fuel  consumption  for  ventilation  air,  the  tendency  of  the 
conventional  control  systems  to  use  less  than  the  estimated  quantity  of  out- 
side air  in  cold  weather  should  be  considered  in  its  effect  in  lowering  fuel 
consumption.  In  addition,  the  heat  required  to  accomplish  winter  humi- 
difying must  not  be  neglected,  when  this  feature  is  included  in  the 
equipment. 
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CHAPTER  44 

INDUSTRIAL  AIR  CONDITIONING 

General  Requirements  for  Manufacture,  Processing  and  Preservation;  Classifi- 

cation of  Problems;  Moisture  Content  and  Regain;  Conditioning  and 

Drying;  Chemical  and  Biochemical  Reactions;  Crystallization; 

Control  for  Machining,  Polishing,  and  for  Static  Electric- 

ity Elimination;  Laboratory  Conditions;  Calcula- 

tions; Safeguarding  Health  and  Maintaining 

Safety;  Contaminant  Control  ;  Dilution 

Systems  for  Contaminants;  Heat 

Storage;  Radiation;  Odors 

INDUSTRIAL  air  conditioning  is  concerned  with  (1)  the  manufacture, 
processing  and  preservation  of  material,  equipment  and  Commodities^ 


,  ^ 

and  (2)  the  atmospheric  conditions  required  for  maintaining  the  health, 
safety  and  efficiency  of  workers.  The  material  in  this  chapter  is  treated 
under  these  two  divisions* 


GENERAL  REQUIREMENTS  FOR  MANUFACTURE,  PROCESSING 

AND  PRESERVATION 

Table  1  lists  the  temperatures  and  relative  humidities  required  for 
storage  of  certain  commodities,  and  for  manufacturing  and  processing  of 
others.  The  desirable  relative  humidity  may  range  from  a  low  of  5  per 
cent  in  certain  industrial  applications,  such  as  insulation  winding  proc- 
esses, up  to  a  condition  approaching  saturation,  as  in  processes  relating 
to  textile,  tobacco  and  baking  industries. 

The  most  favorable  temperature  and  relative  humidity  will  vary  accord- 
ing to  the  specific  material  and  particular  process,  in  some  cases  the 
temperatures  and  relative  humidities  listed  in  Table  1  have  no  direct  in- 
fluence upon  the  product  itself,  but  do  affect  the  efficiency  of  employees, 
and  in  turn  affect  workmanship,  uniformity  and  the  cost  of  production. 
Sometimes,  a  compromise  between  the  known  optimum  condition  for 
processing  and  that  required  for  worker  comfort  is  unavoidable. 

In  many  processes,  the  optimum  air  conditions  are  variable  according 
to  the  stage  and  progress  of  the  processing  cycle  from  the  raw  material  to 
the  finished  product.  Some  materials,  such  as  cotton  textiles,  begin  with 
a  low  relative  humidity  in  the  carding  and  picking  rooms,  and  after  passing 
through  the  various  intermediate  steps  with  a  gradual  increase  of  relative 
humidity,  are  subjected  to  relative  humidities  of  from  70  to  85  per  cent  in 
the  final  stage  of  weaving.  Other  processes  encountered  require  the  re- 
versed procedure,  starting  with  a  high  relative  humidity  and  finishing  with 
a  low  relative  humidity,  as  in  the  manufacture  of  glue  and  gelatinous 
materials,  and  in  making  various  types  of  gelatine  capsules. 

In  order  to  apply  air  conditioning  to  industrial  processes,  the  air  condi- 
tioning engineer  must  have  a  thorough  understanding  of  the  processing 
problems  involved,  Individual  processes  and  machines  are  changing  rap- 
idly, and  air  conditions  must  be  revised  constantly  to  meet  the  new 
conditions.  Air  conditioning  for  industrial  processes  is  so  extensive  and 
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TABLE    1.    TEMPERA-TUBES    AND  HUMIDITIES    APPLICABLE    TO    INDUSTRIAL  AIR 

CONDITIONING 


INDUSTRY 

PROCESS 

TEMPERATURE 
FAHRENHEIT 
DEGRESS 

RELATIVE 
HUMIDITY 

PER  CENT 

Assembly  line                       

65  to  80 

40  to  55 

AUTOMOBILE  < 

T^T*AfM<3Ti  r*n  TT^ffc;     HnniTiiP"  —  THJ-J  chin- 

ing   

75  to  80 

35  to  45 

Cake  icing                

70 

50 

Cake  mixing        

75 

65 

Dough,  fermentation  room 

80 

76  to  80 

Dough  retarding  

32  to  40 

76  to  85 

L/oaf  cooling 

70 

60  to  70 

BAKING  

Make-up  room 

75  to  80 

65  to  70 

Mixing  room 

75  to  80 

65  to  70 

Paraffin  paper  wrapping 

70  to  80 

55 

Proof  boxes  

90  to  95 

80  to  90 

Storage  of  flour 

65  to  75 

55  to  65 

Storage  of  yeast  

32  to  45 

60  to  75 

f 

Vaccines  

below  32 

BIOLOGICAL                J 

Antitoxins    

38  to  42 

PRODUCTS  1 

Blood  bank  

38  to  42 

60  to  65 

BBEWING  J 

Fermentation  in  vat  room  

44  to  50 

50  to  70 

Storage  of  grains  

60 

30  to  45 

Drying  of  refractory  shapes 

110  to  150 

50  to  90a 

CERAMIC  

IVIoldinsj  room 

80 

60  to  70 

Storage  of  clay  

60  to  80 

35  to  65 

Chewing  gum  rolling  

75 

50  to  60 

Chewing  gum  wrapping  

70 

50  to  60 

Chocolate  covering  

62  to  65 

50  to  55 

CONFECTIONERY  

Hard  candy  making 

70  to  80 

30  to  40 

Packing  

65 

40 

Starch  room  

75  to  85 

50 

Storage  

60  to  68 

50 

TA                                                                 f 

General  manufacture 

60  to  75 

45  to  65 

DISTILLERY     .           < 

Storage  of  grains  .  .  . 

60 

30  to  45 

Deliquescent  powder  

75 

35 

Effervescent  granulations  

80 

40 

DBTJG 

Liver  extracts  (powdered)  

70 

20  to  30 

Storage  of  powders  and  tablets  .  . 
Tablet  compressing  

70  to  80 
70  to  80 

30  to  35 
40 

Packaging  

80 

40 

Insulation  winding    .  . 

104 

5 

Manufacture   of   cotton  covered 
wire  

60  to  80 

60  to  70 

Manufacture   of  electrical  wind- 
ings   

60  to  80 

35  to  50 

Storage  of  electrical  goods  

60  to  80 

35  to  50 

Butter  making  

60 

60 

Dairy  chill  room  

40 

60 

Preparation  of  cereals    . 

60  to  70 

38 

Ripening  of  meats  

40 

70  to  80 

Slicing  of  bacon  

60 

45  to  70 

FOOD  

Q-f  rtvo  cfp.  (\f  QTi'nlpc! 

O1     f^    O/t 

7K   4..-    or 

Storage  of  citrus  fruit  

32 

80 

Storage  of  eggs  in  shell  

30 

80 

Storage  of  meats  (frozen)   ...   . 

0  to  5 

85 

Storage  of  meats  (above  freezing) 
Storage  of  sugar  

36 
80 

85 
35 

/ 

Drying  of  furs  

110 

FUR  \ 

Storage  of  furs  

18  to  50 

50  to  65 

1  Schedule  Drying. 
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TABLE  1.    TEMPERA-TUBES  AND  HUMIDITIES  APPLICABLE  TO  INDUSTRIAL  AIR  CON- 
DITIONING— (Concluded) 


INDUSTRY 

PROCESS 

TEMPERATURE 
FAHRENHEIT 
DEGREES 

RELATIVE 
HUMIDITY 
PER  CENT 

INCUBATORS  

Chicken  

99  to  102 

55  to  75 

INSTRUMENTS  

Repair  and  calibration  

68 

35  to  45 

LABORATORY  < 

General  analytical  and  physical13. 
Storage  of  materials  

73.4 
60  to  70 

50 
35  to  50 

LEATHER                    J 

Drying  of  hides  

90 

a 

Mulling  

95  to  100 

95 

LIBRARY  

Book  storage  

65  to  70 

40  to  60 

LINOLEUM  

Printing  

80 

— 

A/T  A  TPTTTTCl                                          J 

Manufacturing    ... 

72  to  74 

50 

Storage  of  matches  

60 

50 

MUNITIONS  

Fuse  loading  

70 

55 

( 

Air  drying  lacquers  

70  to  90 

60 

PAINT  J 

Baking?  lacouers 

1QA  fa   9AA 

I 

Air  drying  of  oil  paints  

60  to  90 

60 

PA  PITT?                                 J 

Binding,  cutting,  drying,  folding, 
gluing  

60  to  80 

40  to  60 

Storage  of  paper    

75  to  80 

40  to  60 

I 

Testing  Laboratory15  

73.4 

50 

c 

Development  of  film 

70  to  75 

60 

'PTTArPnri'R  A  PT-TTP                       J 

Drying  

75  to  80 

50 

Printing  .                        

70 

70 

I 

Cutting  

72 

65 

PLASTICS  

Cellophane  wrapping  

75  to  80 

45  to  65 

Binding  

70 

45 

Folding  

77 

65 

PRINTING  

Press  room  (jreneral) 

75 

60  to  75 

Press  room  (lithographic)  

75  to  80 

50  to  60 

Storage  of  rollers  

70  to  90 

50  to  55 

Manufacturing         .       

90 

RUBBER  

Dipping  of  surgical   rubber  arti- 
cles 

75  to  90 

25  to  35 

Standard  laboratory  tests*1  

73.4 

50 

Cementing  

80 

25  to  30 

Cotton  —  carding  

75  to  80 

50  to  55 

combing  

75  to  80 

50  to  60 

roving     

75  to  80 

50  to  60 

spinning        

75  to  80 

50  to  65 

weaving  »  

68  to  75 

70  to  85 

Rayon  —  spinning  

80 

70 

throwing  

80 

60 

rp 

weaving  

75  to  88 

60  to  75 

Silk  —      dressing   .             

75  to  80 

60  to  65 

SDinnine  

75  to  80 

65  to  70 

throwing  .              

75  to  80 

65  to  70 

weaving                    

75  to  80 

60  to  75 

Wool  —    carding  

75  to  80 

65  to  70 

spinning  .            

75  to  80 

55  to  60 

weaving  

75  to  80 

50  to  55 

Nylon  —  knitting  

75  to  80 

35  to  45 

Testing  Laboratory*  

73.4 

50 

Cigar  and  cigarette  making  

70  to  75 

55  to  75 

TOBACCO  J 

Softening                            .  .  . 

90 

85 

Stemming  or  stripping 

75  to  85 

70  to  80 

1  Schedule  Drying.       b  A  .S.TM.  Standard. 
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involved  that  a  detailed  treatment  is  beyond  the  scope  of  this  chapter. 
It  is  possible  to  cover  only  a  few  salient  points  of  the  general  subject, 

CLASSIFICATION  OF  PROBLEMS 

In  general,  any  industrial  air  conditioning  problem  in  processing  may 
be  classified  under  one  or  more  of  the  following: 

1.  Control  of  regain. 

2.  Control  of  rate  of  chemical  reactions. 

3.  Control  of  rate  of  biochemical  reactions. 

4.  Control  of  rate  of  crystallization. 

5.  Control  of  temperature  for  close  tolerance  machining  and  grinding. 

6.  Control  of  dew-point  for  protection  of  highjy  polished  surfaces. 

7.  Control  of  humidity  for  static  electricity  elimination. 

8.  Control  of  conditions  for  material  test  laboratories. 

Moisture  Content  and  Regain 

In  the  manufacture  or  processing  of  hygroscopic  materials  such  as  tex- 
tiles, paper,  wood,  leather,  tobacco  and  foodstuff's,  the  temperature  and 
relative  humidity  of  the  air  have  a  marked  influence  upon  the  rate  of  pro- 
duction and  upon  the  weight,  strength,  appearance  and  general  quality 
of  the  product.  The  moisture  content  of  materials  haying  a  vegetable  or 
animal  origin,  and  to  a  lesser  extent  minerals  in  certain  forms,  comes  to 
equilibrium  with  the  moisture  of  the  surrounding  air.  This  moisture  con- 
tent is  known  as  regain.  Standards  of  regain  are  fixed  in  the  trade  and 
are  the  fundamental  basis  for  the  control  of  certain  physical  qualities  of 
the  material  during  manufacture. 

Manufacturing  economy  requires  that  the  moisture  content  be  main- 
tained at  a  level  favorable  to  rapid  and  satisfactory  manipulation,  and  to  a 
minimum  loss  of  material  through  breakage.  A  uniform  condition  is 
desirable  in  order  that  high  speed  machinery  may  be  adjusted  permanently 
for  the  desired  production  with  a  minimum  loss  from  delays,  wastage  of 
raw  material  and  defective  product.  Moisture  content  refers  to  free  mois- 
ture (as  in  a  sponge)  and  to  hygroscopic  moisture  (which  varies  with  at- 
mospheric conditions).  It  is  usually  expressed  as  a  percentage  of  the 
total  weight  of  material.  Regain  is  more  specific  and  refers  only  to  hy- 
groscopic moisture.  It  is  expressed  as  a  percentage  of  the  bone-dry  weight 
of  material.  For  example,  if  a  sample  of  cloth  weighing  IGQ.O  g  is  dried 
to  a  bone-dry  weight  of  93.0  g,  the  loss  in  weight,  or  7.0  g,  represents 
the  weight  of  moisture  originally  contained.  This  expressed  as  a  per- 
centage of  the  total  weight  (100.0  g)  gives  the  moisture  content  of  7  per 
cent.  The  regain,  which  is  expressed  as  a  percentage  of  the  bone-dry  weight, 

7.0 
is  r~-~  or  7.5  per  cent* 

The  use  of  the  term  regain  does  not  imply  that  the  material  as  a  whole 
has  been  completely  dried  out  and  has  re-absorbed  moisture. 

A  basis  for  calculating  the  regain  of  textiles  is  obtained  by  drying,  under 
standard  'conditions,  a  sample  from  the  lot ;  and  the  dry  weight  thus  ob- 
tained is  used  in  the  calculations  to  determine  the  regain. 

Table  2  shows  the  regain  or  hygroscopic  moisture  content  of  several 
organic  and  inorganic  materials  when  in  equilibrium  at  a  dry-bulb  temper- 
ature of  75  F  and  various  relative  humidities.  The  effect  of  temperature 
as  compared  to  the  relative  humidity  is  comparatively  unimportant,  al- 
though sudden  changes  in  temperature  cause  a  slight  change  in  regain 
even  when  the  relative  humidity  remains  stationary.  Changes  in.  tem- 
perature do,  however,  affect  the  rate  of  absorption  or  drying,  although 
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TABLE  2.    REGAIN  OF  HYGKOSCOPIC  MATEKIALS 

Moisture  Content  Expressed^  in  Per  Cent  of  Dry  Weight  of  the  Substance  at  Various 
Relative  Humidities — Temperature,  7£  F 


CLASSI- 
FICATION 

MATERIAL 

DESCRIPTION 

RELATIVE  HUMIDITY—  PER  CENT 

AUTHORirT 

10 

20 

30 

40 

50 

60 

70 

80 

90 

Natural 
Textile 
Fibers 

Cotton, 

Sea  island—  roving 

2.5 

3.7 

4.6 

5.5 

6.6 

7.9 

9.5 

11.5 

14.1 

Hartshorne 

Cotton 

American  —  cloth 

2.6 

3.7 

4.4 
12.5 

5.2 

5.9 
18.5 

6.8 
20.8 

8.1 
22.8 

10.0 
24.3 

14.3 

Schloesing 

Cotton 

Absorbent 

4.8 

9.0 

15.7 

25.8 

Fuwa 

Wool 

Australian  merino  —  skein 

4.7 

7.0 

8.9 

10.8 

12.8 

14.9 

17.2 

19.9 

23.4 

Hartshorne 

Silk 

Raw  chevennes  —  skein 

3.2 

5.5 

6.9 

8,0 

8.9 

10.2 

11.9 

14.3 

18.8 

Schloesing 

Lir>  en 

Table  cloth 

1.9 

2.9 

3.6 

4.3 

5.1 

6.1 

7.0 

8.4 

10.2 

Atkinson 

Linen 

Dry  spun  —  yarn 

3.6 

5.4 

6.5 

7.3 

8.1 

8.9 

9.8 

11.2 

13.8 

Sommer 

Jute 

Average  of  several  grades 

3.1 

5.2 

6.9 

S.5 

10.2 

12.2 

14.4 

17.1 

20.2 

Storch 

Hemp 

Manila  and  sisal  —  rope 

2.7 

4.7 

6.0 

7.2 

8.5 

9.9 

11.6 

13.6 

15.7 

Fuwa 

Rayons 

Viscose  Nitrocellu- 
lose Cupramomum 

Average  skein 

4.0 

5.7 

6.8 

7.9 

9.2 

10.8 

12.4 

14.2 

16.0 

Robertson 

Cellulose  Acetate 

Fiber 

0.8 

1.1 

1.4 

1.9 

2.4 

3.0 

3.6 

4.3 

5.3 

Robertson 

Paper 

M.  F.  Newsprint 

Wood  pulp—  24%  ash 

2.1 

3.2 

4.0 

4.7 

5.3 

6.1 

7.2 

8.7 

10.6 

TI.S.B.ofS. 

H.  M.  F.  Writing 

Wood  pulp—  3%  ash 

3.0 

4.2 

5.2 

6.2 

7.2 

8.3 

9.9 

119 

14.2 

IT.  S.  B.  of  S. 

White  Bond 

Rag—  1%  ash 

2.4 
3.2 

3.7 

4.2 

4.7 

5.5 
5.6 

6.5 
6.2 

7.5 
6.9 

8.8 
8.1 

10.S 
10.3 

13.2 

U.S.B.ofS. 

Com.  Ledger 

75%  rag—  1%  ash 

5.0 

13.9 

U.S.B.ofS. 

Kraft  Wrapping 

Coniferous 

3.2 

4.6 

5.7 

6.6 

7.6 

8.9 

10.5 

12.6 

14.9 

U.S.B.ofS. 

Misc.  f 
Organic 
Materials 

Leather 

Sole  oak—  tanned 

5.0 

8.5 

11.2 

13.6 

16.0 

18.3 

20.6 

24.0 

29.2 

Phelps 

Catgut 

Racquet  strings 

4.6 

72 

8.6 

10.2 

12.0 

14.3 

17.3 

19.8 

21.7 

Fuwa 

Glue 

Hide 

3.4 

4.8 

5.8 

6.6 

7.6 

9.0 

10.7 

11.8 

12.5 
0.99 

Fuwa 

Rubber 

Solid  tires 

0.11 

0.21 

0.32 

0.44 

0.54 
9.3 

0.66 

0.76 

0.88 

Fuwa 

Wood 

Timber  (average) 

30 

4.4 

5.9 

7.6 

11.3 

140 

17.5 

22.0 

Forest  P.  Lab. 

Soap 

White 

1.9 

3.8 

5.7 

7.6 

10.0 

12.9 

16.1 

19.8 

23.8 

Fuwa 

Tobacco 

Cigarette 

5.4 

8.6 

1  1.0 

13.3 

16.0 

19.5 

25.0 

33.5 

500 

Ford 

Food- 
stuffs 

White  Bread 

0.5 

1.7 
2.8 

3.1 
3.3 

4.5 
3.9 

6.2 

8.5 

11.1 
8.3 
16.2 

14.5 
10.9 

19.0 

Atkinson 

Crackers 

2.1 

5.0 
117 

6.5 

14.9 

Atkinson 

Macaroni 

5.1 

7.4 

8.8 

10.2 

13.7 

19.0 

22.1 

Atkinson 

Flour 

2.6 

4.1 
3.8 
1.6 

5.3 

6.5 

8.0 

9.9 

12.4 

15.4 

19.1 

Bailey 

Starch 

2.2 
0.7 

5.2 

6.4 

7.4 
4.9 

8.3 
6.1 

9.2 
7.6 

10.6 
9.3 

12.7 

Atkinson 

Gelatin 

2.8 

3.8 

11.4 

Atkinson 

Misc. 
Inorganic 
Materials 

Asbestos  Fiber 

Finely  divided 

016 
5.7 
0.20 

0.24 

0.26 

0.32 

0.41 

0.51 

0.62 

0.73 

0.84 

Fuwa 

Silica  Gel 

9.8 

12.7 

15.2 

17,2 

18.8 

20.2 

21.5 

22.6 

Fuwa 

Domestic  Coke 

0.40 

0.61 

0.81 

1.03 

1.24 

1.46 

1.67 

1.89 

Selvig 

Activated  Charcoal 

Steam  activated 

7.1 

14.3 

22.8 

26.2 

28.3 

29.2 

30.8 

31.1 

32.7 

Fuwa 

Sulfuric  Acid 

HiSO* 

33.0 

41.0 

47.5 

52.5 

57.0 

61.5 

67.0 

73.5 

82.5 

Mason 

this  property  generally  varies  with  the  nature  of  the  material,  its  thickness 
and  density. 

When  hygroscopic  materials  absorb  moisture  from  the  surrounding  air 
they  deliver  to  the  air  sensible  heat  equivalent  to  the  latent  heat  released 
by  the  moisture  to  the  material.  This  amount  of  heat  should  be  included 
in  the  load  estimate. 
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Conditioning  and  Drying 

In  general,  the  materials  may  be  exposed  to  desirable  humidities  for 
treatment  coincidentally  with  the  manufacture  or  processing  of  the  mate- 
rials, or  they  may  be  treated  separately  in  special  enclosures.  This  latter 
treatment  may  be  classified  as  conditioning  or  drying.  The  usual  purpose 
of  conditioning  or  drying  is  to  establish  a  desired  condition  of  moisture 
content  and  to  regulate  the  physical  properties  of  the  material.  When  the 
final  moisture  content  is  lower  than  the  initial  one,  the  term  drying  is 
applied  (See  Chapter  46) .  If  the  final  moisture  content  is  to  be  higher, 
the  process  is  termed  conditioning.  In  the  case  of  some  textile  products 
and  tobacco,  for  example,  drying  and  conditioning  may  be  combined  in 
one  process  for  the  dual  purpose  of  removing  undesirable  moisture,  and 
accurately  regulating  the  final  moisture  content.  Frequently  ,^  condition- 
ing or  drying  is  made  a  continuous  process  in  which  the  material  is  conveyed 
through  an  elongated  compartment  by  suitable  means,  and  subjected  to 
various  controlled  atmospheric  conditions. 

Control  of  Rate  of  Chemical  Reactions 

A  typical  example  of  control  of  the  rate  of  chemical  reactions  occurs  in 
the  manufacture  of  rayon.  The  pulp  sheets  are  conditioned,  cut  to  size, 
and  passed  through  a  mercerizing  process.  It  is  essential  that,  during  this 
process,  close  control  of  both  temperature  and  relative  humidity  should  be 
maintained.  The  temperature  controls  the  rate  of  reaction  directly,  while 
the  relative  humidity  maintains  a  constant  rate  of  evaporation  from  the 
surface  of  the  solution,  and  maintains  a  solution  of  known  strength  through- 
out the  mercerizing  period. 

Another  well-known  example  in  this  class  is  the  drying  of  varnish  which 
is  an  oxidizing  process  dependent  upon  temperature.  High  relative  hu- 
midities have  a  retarding  effect  on  the  rate  of  oxidization  at  the  surface,  and 
allow  the  internal  gases  to  escape  freely  as  the  chemical  oxidizers  cure  the 
varnish  from  within.  This  produces  a  surface  free  from  bubbles  and  a 
homogeneous  film  throughout.  Desirable  temperatures  for  drying  varnish 
vary  with  the  type.  A  relative  humidity  of  65  per  cent  is  beneficial  for  ob- 
taining the  best  processing  results. 

Control  of  Rate  of  Biochemical  Reactions 

In  the  field  of  biochemical  control,  industrial  air  conditioning  has  been 
applied  to  many  different  and  well-known  products.  All  problems  involv- 
ing fermentation  are  classed  under  this  heading.  As  biochemistry  is  a  sub- 
division of  chemistry,  subject  to  the  same  laws,  the  rate  of  reaction  may 
be  controlled  by  temperature.  An  example  of  this  is  the  dough  room  of 
the  modern  bakery.  Yeast  develops  best  at  a  temperature  of  80  F.  A 
relative  humidity  of  70  per  cent  is  maintained  to  hold  the  surface  of  the 
dough  open  to  allow  the  carbon  dioxide  gases  formed  by  the  fermentation 
to  pass  through  and  produce  a  loaf  of  bread,  when  baked,  of  even,  fine 
texture  without  large  voids. 

The  curing  of  fruits,  such  as  bananas  and  lemons,  also  comes  under  this 
classification.  Bananas  require  a  cycle  of  temperatures  and  relative  hu- 
midities for  ripening.  The  starches  in  the  pulp  of  the  fruit  must  be 
changed  and  the  skin  cured  and  colored,  after  which  the  fruit  is  cooled  to 
maintain  as  low  a  rate  of  metabolism  as  possible.  Ideal  storage  conditions 
range  between  56  and  60  F,  with  about  75  per  cent  relative  humidity,  and 
ventilation  at  the  rate  of  three  or  four  air  changes  per  hour. 
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The  curing  of  lemons  is  an  entirely  different  problem.  Bananas  are 
cured  for  a  quick  market,  while  lemons  are  held  for  a  future  market.  The 
process,  therefore,  varies  in  the  temperature  used.  Temperatures  from 
54  to  59  F  have  been  found  to  be  best  suited  for  this  process.  A  high  rela- 
tive humidity  of  88  to  90  per  cent  is  necessary  to  hold  shrinkage  to  a  mini- 
mum and,  at  the  same  time,  develop  the  rind  so  it  will  be  sufficiently  tough 
to  permit  handling. 

Tobacco  from  the  field  to  the  finished  cigar,  cigarette,  plug  or  pipe 
tobacco,  offers  another  interesting  example  of  what  may  be  done  by  indus- 
trial air  conditioning  in  the  control  of  color,  texture  and  flavor.  In  the 
processing  of  tobacco,  control  of  moisture  regain  and  of  chemical  and  bio- 
chemical reactions  is  involved,  and  only  through  close  atmospheric  control 
can  the  best  quality  of  leaf  be  developed. 

Control  of  Rate  of  Crystallization 

The  rate  of  cooling  of  a  saturated  solution  determines  the  size  of  the 
crystals  formed.  Both  dry-  and  wet-bulb  temperatures  are  of  importance, 
as  the  one  controls  the  rate  of  cooling,  while  the  other,  through  evapora- 
tion, changes  the  density  of  the  solution. 

In  the  coating  pans  for  pills,  gum  and  nuts,  a  heavy  sugar  solution  is 
added  to  the  tumbling  mass.  As  the  water  evaporates,  each  separate  piece 
is  covered  with  crystals  of  sugar.  A  smooth,  opaque  coating  is  only  accom- 
plished by  blowing  into  the  kettle  the  proper  amount  of  air  at  the  right 
dry-  and  wet-bulb  temperatures.  If  the  cooling  and  drying  are  too  slow, 
the  coating  will  be  rough  and  semi-translucent,  and  the  appearance  un- 
sightly; if  too  fast,  the  coating  will  chip  through  to  the  interior.  Only  by 
balancing  temperature,  relative  humidity,  and  volume  of  air  to  the  sugar 
solution,  can  the  proper  rate  be  obtained  and  a  perfect  coating  assured, 

Control  of  Temperature  for  Close  Machining  Tolerances 

Where  tolerances  must  be  held  within  2  or  3  ten-thousands  of  an  Inch, 
as  in  the  manufacture  of  precision  instruments,  tools,  and  high  quality 
lenses,  temperature  variations  may  cause  expansion  and  contraction  of 
material  to  an  extent  that  will  seriously  affect  the  quality  of  the  work. 
This  type  of  work  usually  requires  close  temperature  control  to  assure 
accuracy  and  uniformity  of  the  product. 

Usually  the  temperature  level  with  respect  to  the  product  is  not  as 
important  as  controlling  the  temperature  within  close  limits.  For  this 
reason,  conditions  are  usually  selected  within  the  comfort  range. 

Control  of  Dew-Point  for  Protection  of  Polished  Surfaces 

In  the  manufacture  of  certain  metal  articles,  the  presence  of  finger 
prints,  tarnish,  or  etching  can  not  be  tolerated  in  the  finished  article. 
If  these  articles  are  manufactured  under  conditions  of  effective  tempera- 
tures that  will  cause  the  hands  to  perspire,  an  unsatisfactory  product  will 
result.  The  salt  and  acid  contained  in  body  perspiration,  when  deposited 
on  the  highly  polished  article,  can  show  corrosion  and  rust  within  a  few 
hours  if  examined  under  a  microscope. 

It  is  therefore  important  to  maintain  temperatures  and  relative  humidi- 
ties (dew-point)  low  enough  to  prevent  sweating  of  the  hands.  In  addi- 
tion, the  manufacture  of  polished  surfaces  usually  requires  a  better-than- 
average  job  of  air  filtering  to  avoid  abrasion  of  the  surfaces. 
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Control  of  Humidity  for  Reduction  of  Static  Electricity 

The  presence  of  static  electricity  is  often  detrimental  to  the  satisfactory 
and  economical  processing  of  many  light  materials,  such  as  textile  fibers, 
paper,  etc.  It  is  also  extremely  dangerous  where  explosive  atmospheres 
or  materials  are  present.  Fortunately,  this  hazard  is  minimized  by  in- 
creasing the  relative  humidity  to  at  least  55  per  cent,  if  the  material  being 
processed  is  not  damaged  thereby. 

In  such  cases,  it  must  be  borne  in  mind  that  for  successful  elimination, 
the  air  that  actually  comes  in  contact  with  the  material  in  the  machine 
must  be  at  a  relative  humidity  of  55  per  cent  or  more*  As  some  machines 
consume  a  great  deal  of  power,  which  is  converted  directly  into  heat,  the 
temperature  in  the  machine  may  be  considerably  higher  than  the  tempera- 
ture adjacent  to  the  machine  where  the  relative  humidity  is  normally 
measured.  In  such  cases,  the  relative  humidity  in  the  machine  will  be 
appreciably  lower  than  that  elsewhere  in  the  room,  and  it  may  be  neces- 
sary to  maintain  a  room  relative  humidity  of  65  per  cent,  or  even  more,  to 
maintain  the  desired  humidity. 

Control  of  Conditions  for  Material  Test  Laboratories 

Laboratories  having  controlled  conditions  of  temperature  and  humidity  a 
are  becoming  more  common,  not  only  for  the  purposes  of  scientific  re- 
search, but  also  for  routine  testing  and  for  quality  production  control.  A 
control  of  temperature  and  humidity  within  fairly  close  plus  or  minus 
limits  is  usually  required.  Laboratories  designed  for  scientific  research 
may  require  control  of  conditions  over  a  wide  range,  whereas  the  routine 
testing  laboratory  or  quality  control  laboratory  will  usually  be  designed  to 
maintain  the  Aj$«TM.  Standard  Conditions  of  50  per  cent  relative  hu- 
midity and  23  C  (73.4  F)  temperature. 

CALCULATIONS 

The  methods  for  determining  the  heating  and  cooling  loads  for  the 
various  industrial  processes  are  similar  to  those  outlined  in  Chapters  11 
and  12.  The  several  other  chapters  previously  cited  call  attention  to  addi- 
tional phases  of  calculation  which  may  be  needed.  Because  of  the  large 
number  of  motors  and  heat  producing  units  usually  found  in  an  industrial 
application,  it  is  particularly  important  that  operating  allowances,  for 
the  latent  and  sensible  heat  loads,  be  definitely  ascertained  and  used  in 
the  calculations  to  determine  the  total  design  load. 

GENERAL  REQUIREMENTS  FOR  HEALTH,  SAFETY  AND 

EFFICIENCY 

Control  of  Atmospheric  Contaminants 

Safeguarding  the  health  and  maintaining  the  safety  and  efficiency  of 
workers,  require  control  of  dusts,  fumes,  smokes,  mists,  fogs,  vapors,  and 
gases,  and  control  of  the  effective  temperature,  which  includes  tempera- 
ture, humidity  and  motion  of  air  about  the  worker. 

General  ventilation  may  be  relied  upon  in  some  cases  to  control  air 
contaminants.  Chapter  10  gives  information  on  natural  ventilation.  If 
mechanical  ventilation  is  to  be  used,  Chapter  32,  Fans;  Chapter  30,  Air 
Distribution;  Chapter  31,  Air  Duct  Design;  Chapter  33,  Air  Cleaning; 
and  Chapter  34,  Spray  Apparatus,  furnish  information  on  a  broad  range 
of  industrial  design  conditions. 
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Specialists  in  the  field  of  industrial  hygiene  should  be  consulted  in  case 
of  doubt  concerning  the  presence  of  airborne  industrial  hazards  to  health. 
Chapter  8,  Air  Contaminants;  Chapter  6,  Physiological  Principles;  and 
Chapter  7,  Air  Conditioning  in  the  Prevention  and  Treatment  of  Disease, 
will  be  _of  help  in  determining  the  atmospheric  conditions  which  should  be 
maintained  around  the  worker.  Local  codes,  ordinances,  or  state  labor 
laws  must  likewise  be  observed,  particularly  for  ventilation  requirements 
for  hazardous  trades.  Comfortable  conditions  are  desirable  because  they 
are  likely  to  increase  the  efficiency  of  workers.  For  purposes  of  analysis, 
both  sensible  and  latent  heat  should  be  included  as  contaminants  of  in- 
dustrial atmospheres.  A  recent  small  scale  survey  has  indicated  that 
more  than  half  the  air  conditioning  and  ventilation  installations  in  a  typical 
industrial  plant  were  concerned  with  removal  of  either  sensible  or  latent 
heat  as  a  source  of  air  contamination. 

Contaminant  Control  Systems 

In  general,  systems  for  control  of  atmospheric  contamination  in  industrial 
plants  will  be  of  three  types: 

1.  Local  exhaust  systems  will  be  indicated  where  the  contamination  originates  at 
concentrated  areas  and  is  characterized  by  low  or  imperceptible  air  motion,  or 
where  the  contaminant  is  a  ehist,  mist  or  fume  requiring  a  capture  velocity 
exceeding  25  fpm.    Design  of  this  type  system  is  discussed  in  Chapter  45,  and 
will  not  be  further  treated  in  this  chapter. 

2.  A  system  employing  the  dilution  method  will  usually  be  indicated  where  the 
contamination  originates  at  scattered  points  dispersed  generally  throughout 
the  area. 

3.  Combination  of  local  exhaust  and  dilution  methods  is  often  economical,  since 
well  designed  exhaust  hoods  or  openings,  removing  from  the  space  that  por- 
tion of  the  contamination  load  which  is  susceptible  to  such  treatment,  will  often 
reduce  greatly  the  air  volumes  required  for  dilution  purposes.    The  choice  of 
the  type  of  system  should  be  made  on  the  basis  of  economic  comparisons. 

Design  of  Dilution  Systems 

The  first  step  in  the  design  of  a  system  employing  the  dilution  method 
is  to  determine  as  exactly  as  possible  the  nature  and  extent  of  the  contami- 
nating load.  This  will  often  be  difficult,  and  may  require  construction  of 
pilot  production  models.  Often,  however,  the  required  data  will  be 
available  from  production  records,  showing  the  weight  or  volume  rate  of 
loss  of  the  contaminating  agent  to  the  atmosphere,  or  it  may  be  estimated 
from  parallel  operations  in  other  plants,  or  by  applying  experienced  engi- 
neering judgment.  However  obtained,  the  determination  of  the  nature 
and  magnitude  of  the  contaminating  load  is  an  indispensable  step  in  the 
proper  design  of  the  corrective  system.  Designs  based  on  number  of  air 
changes  per  hour,  or  other  rule-of-thumb  methods,  are  hopelessly  inade- 
quate, and  lead  either  to  unsuccessful  operation  or  to  excessive  and  un- 
necessarily high  cost  of  installation. 

1.  Gases  and  Vapors.  Once  having  established  the  nature  and  magnitude^!  the 
contamination  load,  it  is  rarely  necessary  to  completely  remove  contaminating 
agents  from  the  atmosphere.  For  cases  involving  diffusible  vapor  or  gas  contami- 
nants, maximum  allowable  concentrations  (MAC)  of  commonly  encountered  gases 
and  vapors  have  been  established,  and  these  data  are  tabulated  in  Chapter  8.  From 
these  data,  and  the  previously  established  rate  of  addition  of  the  contaminant  to  the 
space,  the  volume  of  air  required  to  dilute  the  addition  to  a  tolerable  level  can  be 
calculated  by  the  equation: 


(MAC)  -  (SAC)  . 
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where 

Q  =  quantity  of  air  circulated,  cubic  feet  per  minute. 
V  =  rate  of  generation  of  contaminant,  cubic  feet  per  minute. 
MAC  =  maximum  allowable  concentration,  ppm  by  volume. 
SAC  =  concentration  in  supply  air,  ppm  by  volume. 

The  rate  of  generation  of  the  contaminating  vapor  will  often  be  available  as  a 
weight  or  volume  of  liquid  evaporated  into,  the  space  per  unit  time.  These  may  be 
converted  to  the  units  of  Equation  1  by  applying  the  principle  that  a  pound-mol  of 
a  gas  or  vapor  will  occupy  approximately  359  cu  ft  at  standard  pressure  and  tempera- 
ture. Thus, 


cfm  (vapor)  -  -~~  X  359  X       —  -  (2) 

where 

W  =  rate  of  generation  of  contaminant,  pounds  of  liquid  solvent  per  minute. 
Mv  =  molecular  weight. 

t  =  air  temperature,  Fahrenheit. 

A  special  case  occurs  where  local  concentrations  of  solvent  vapors  at  the  breathing 
zone,  resulting  from  concentrated  sources  of  contamination,  are  intolerably  higher 
than  the  average  design  concentration  when  using  dilution  methods.  Data  are 
available  for  calculations,  but  involve  many  assumptions  regarding  boundary  condi- 
tions, such  as  convection  area  and  random  air  movement  in  the  vicinity. 

2.  Dusts  and  Fumes.    Maximum  allowable  concentration  of  various  dusts,  fumes 
and  mists  are  also  tabulated  in  Chapter  8.    However,  the  dilution  method  as  a  means 
of  treating  particulate  contaminating  agents  should  be  used  with  care,  since  the 
allowable  air  movement  in  spaces  will  ordinarily  be  lower  than  the  capture  velocity  • 
required  for  such  particles  .    Exhausting  at  the  source  (see  Chapter  45)  will  generally 
be  the  recommended  treatment  for  these  particulate  contaminants. 

3.  Sensible  Heat.    Excessive  sensible  heat  contamination  is  subject  to  treatment, 
similar  to  that  for  vapors,  by  the  dilution  method,  the  difference  being  that  the 
rate  of  generation  of  the  contaminant  must  be  expressed  in  units  of  energy  rather 
than  volume  or  weight,  and  that  the  effect  will  be  expressed  as  excessive  tempera- 
ture.   In  this  case,  the  circulated  air  required  will  be  : 

Q  =  fa  -  g  x  d  x  c  (3) 

where 

Q  =  quantity  of  air  circulated,  cubic  feet  per  minute. 
H  =  rate  of  generation  of  heat,  Btu  per  minute. 
t\  —  allowable  temperature  in  the  space,  Fahrenheit. 
to  =  temperature  of  supply  air,  Fahrenheit. 
d  =  density  of  air  in  pounds  per  cubic  foot. 
c  =  specific  heat  of  air. 

In  some  cases,  such,  as  ventilation  systems  not  employing  refrigeration, 
unusually  large  and  uneconomical  air  quantities  may  be  required  when  the 
desired  or  tolerable  temperature  t\  approaches  too  closely  the  temperature 
t0  of  the  dilution  air.  This  condition  may  sometimes  be  corrected  by  a 
combination  of  treatment  by  dilution  and  central  exhaust,  large  sources  of 
heat  load  being  eliminated  by  exhaust  through  hoods  at  the  source. 

Heat  Storage  in  Structure 

A  special  condition  is  sometimes  encountered  in  large  masonry  struc- 
tures when,  due  to  the  heat  storage  capacity  and  time  lag  of  the  structure, 
a  prolonged  period  of  hot  weather  may  cause  storage  of  such  large  quanti- 
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ties  of  heat  in  the  structure  that  they  continue  to  be  a  source  of  heat  load 
after  the  outside  weather  has  moderated. 

In  general,  ^  the  solution  to  ventilation  problems  by  the  simple  dilution 
method  is  limited  to  cases  where  a  practical  and  economical  equilibrium 
may  be  established  between  the  maximum  rate  of  generation  of  the  con- 
taminant distribution  and  cost  of  the  air  required  for  its  removal. 

Control  of  Radiant  Heat 

One  of  the  most  difficult  problems  of  ventilation  engineers  is  found  in 
the^so-called  hot  industries  (steel  mills,  paper  mills,  foundries,  etc.)  where 
radiant  heat  from  high  temperature  surfaces  is  a  most  important  factor, 
the  magnitude  of  which  is  not  always  appreciated.  Since  ventilation 
cannot  remove  radiant  heat,  it  is  worthwhile  to  consider  using  low  emis- 
sivity  materials  and  shielding  to  minimize  conversion  to  sensible  heat  due 
to  interaction  with  surfaces  within  sight  of  the  radiant  source. 

Odors 

There  is  little  information  available  either  on  the  rate  of  generation  of 
common  odors,  or  on  the  maximum  concentration  which  would  be  tolerated 
by  a  majority  of  persons.  Thus  a  quantitative  specification  covering 
systems  for  locker  rooms  and  toilet  rooms,  or  other  applications  where 
odors  constitute  the  contaminant,  is  not  now  possible.  Pending  research 
in  this  important  field,  it  is  suggested  that  the  data  in  Table  1,  Chapter  6, 
showing  the  outside  air  supply  required  per  person,  at  various  socio- 
economic  levels,  be  used. 

BIBLIOGRAPHY 

PROCESSING 

Refrigerating  Data  Book,  Refrigeration  Applicatons  Volume,  Second  Edition,  1946,  Section  VIII,  In- 
dustrial Air  Conditioning,  Chapters  67  to  76,  and  Section  III,  Refrigeration  in  Food  Manufacture,  Chapters 
25  and  26,  American  Society  of  Refrigerating  Engineers, 

Air  Conditioning  in  the  Bakery,  by  W.  L.  Fleisher  (A.S.H.V.E.  TRANSACTIONS,  Vol,  37,  1931,  p.  141). 
Air  Condition  the  Bakery  Throughout,  by  W.  W.  Reece  (Heating,  Piping  and  Air  Conditioning,  August, 

1936,  p.  419).    T  he  Air  Conditioning  of  Processes  in  the  Bread  Bakery,  by  H.  R.  Gable  (A.S.H.V.E.  JOUBNAL 
SECTION,  Heating,  Piping  and  Air  Conditioning,  October  1947,  p.  107). 

Air  Conditioning  in  Candy  Manufacture,  by  H.  C.  Hoffmann  (Section  39,  Refrigerating  Engineering 
Application  Data,  Refrigerating  Engineering,  April,  1947).  Proper  Air  Conditions  for  the  Manufacturing  of 
Confections,  by  A.  E.  Stacey,  Jr.  (A.S.H.V.E.  JOUBNAL  SECTION,  Heating,  Piping  and  Air  Conditioning, 
October,  1937,  p.  640). 

Air  Conditioning  for  Sausage  Manufacturing  Plants,  by  M.  G>  Harbula  (A.S.H.V.E.  TRANSACTIONS, 
Vol.  28,  1922,  p.  343). 

Relation  of  Air  Conditions  to  Tobacco  Curing,  by  J.  Johnson  and  W.  B.  Ogden  (Wisconsin  Agricultural 
Research  Bureau  110:  1-48,  1931). 

Heating,  Air  Conditioning  and  Insulation,  for  Penicillin  Production,  by  J.  C.  Siegesmund  (Heating,  Pip- 
ing and  Air  Conditioning,  August,  1944,  p.  475). 

Air  Conditioning  in  Textile  Mills,  Research  Department  Technical  Report,  Textile  Workers  Union  of 
America,  C.I.O.  Air  Conditioning  for  Textile  Plants  Making  and  Using  Synthetic  Yarns,  by  L.  L.  Lewis 
(Rayon  Textile  Monthly,  July,  August,  September,  1930).  Refrigeration  for  Textile  Mill  Air  Conditioning, 
by  P.  L.  Davidson  (Heating  and  Ventilating,  May,  1947,  p.  57), 

Bureau  of  Standards  Studies  Determine  Press  Room  Conditioning  Requirements,  by  C.  G.  Weber  (Heat- 
ing, Piping  and  Air  Conditioning,  March,  1936,  p.  137).  Humidity  in  the  Pressroom  (Heating  and  Venti- 
lating, May,  1932,  p.  35).  Dehumidifying  with  Gas  in  a  Printing  Plant  (Heating  and  Ventilating,  May,  1935, 
p.  31).  Air  Conditioning  the  Newspaper  Plant,  by  R.  T,  Williams  (Heating  and  Ventilating,  September, 

1937,  p.  63). 

Air  Conditioning  in  the  Paper  Industry  (Heating  and  Ventilating,  October,  1935,  p.  23). 

Air  Conditioning  Requirements  of  Multicolor  Offset  Printing,  by  C.  G.  Weber  (Refrigerating  Engineering, 
December,  1936,  p.  6).  Reactions  of  Lithographic  Papers  to  Variations  in  Humidity  and  Temperature,  by 
C.  G.  Weber  and  L.  W.  Snyder  (U.  8.  Bureau  of  Standards  Journal  of  Research,  January.  1934).  The  Treat- 
ment of  Offset  Papers  for  Optimum  Register,  by  C.  G.  Weber  and  M,  N,  V.  Geib  (U.  S.  Bureau  of  Standards 
Journal  of  Research,  February.  1936).  Silica  Gel  Air  Conditioning  System  Serves  Rotogravure  Printing 
Plant,  by  H.  E.  Ryerson  (Heating,  Piping  and  Air  Conditioning,  August,  1937,  p.  497). 

Air  Conditioning  for  Clothing  Research  Laboratory  (Heating  and  Ventilating,  July,  1943,  p.  69).  Re- 
frigeration Insures  Quality  of  Clothing  for  the  Army,  by  A.  J.  Mallinckrodt  (Heating  and  Ventilating,  March, 
1944  p  79), 

Controlled  Air  Supply  for  Supercharger,  Carburetor  and  Engine  Testing,  by  C.  S.  Leopold  (Refrigerating 
Engineering,  August,  1943,  p.  85).  ,,««•»•*  /«•..  -,-rr,- 

Close  Machine  Tolerances  Possible  Through  Temperature  Control,  by  R.  P.  Dewey  (Heating  and  Venti- 
lating, April,  1944,  p.  60). 


918  CHAPTER  44  1950  Guide 

Moisture  Control  by  Liquid  Absorption  Offers  a  Useful  Air  Conditioning  Tool,  by  F.  M.  Johnson  (Heat- 
ing, Piling  end  Air  Conditioning,  December,  1938,  p.  782). 

Air  Processing  Needs  of  Plywood  Plane  Parts,  by  F.  0.  Jordan  (Beating  and  Ventilating,  April,  1944,  p.  67). 

The  Engineering  Control  of  Some  Solvent  Hazards  in  War  Industries,  by  S.  C.  Rothman  (A.S.H.V.E. 
TBANSACTIONS,  Vol.  50, 1944,  p.  319). 

Air  Conditioning  as  Applied  in  Theatres  and  Film  Laboratories,  by  D.  C.  Lindsay  (Transactions  Society 
of  Motion  Picture  Engineers,  April,  1927,  Vol.  XI,  No.  30,  p.  335-365). 

Industrial  Air  Conditioning,  by  F.  F.  Stevenson  (Heating,  Piping  and  Air  Conditioning,  May*  1948,  p. 
100;  June,  1948,  p.  94;  and  Jack  F.  Salsburg,  July,  1948,  p.  88,  and  Oct.  1948,  p.  93). 

Industrial  Air  Conditioning,  by  Charles  S,  Cave  (Industry  and  Power,  July  1945,  p.  67;  Sept.  1945,  p.  57). 

Reducing  Heat  Loads  in  Industrial  Air  Conditioning,  by  L.  R.  St.  Onge  (Refrigerating  Engineering,  Jan- 
uary 1946,  p.  35). 

Air,  Light,  and  Sound  Controlled  in  Western  Electric's  New  Plant,  (Heating,  Piping  and  Air  Conditioning* 
Nov.  1948,  p.  79). 

New  IBM  Plant  Addition,  Poughkeepsie,  N.  Y.,  by  J.  T.  Browne  (Heating,  Piping  and  Air  Conditioning, 
Jan.  1949,  p.  111). 

Air  Conditioning  Design  Conditions  for  Various  Industries,  (Heating  and  Ventilating,  May,  1949,  p.  70; 
June  1949,  p.  73). 

Photo  Studios  Need  Conditioning  for  Both  Processing  and  Comfort,  by  E.  E.  Herbacek  (Heating,  Piping 
and  Air  Conditioning,  June,  1949,  p.  85). 

Foundry  Ventilation,  by  Jim  Black  and  Lester  T.  Avery  (Heating,  Piping  and  Air  Conditioning,  March, 
p.  71,  April,  p.  78,  and  May,  p.  89, 1947). 

Dust  Control  for  Foundries,  by  B.  F.  Postman  (Heating  and  Ventilating,  Dec.  1948,  p.  65;  Jan.  1949,  p.  78). 

Foundry  Cuts  Its  Dust,  (Editorial,  Heating  and  Ventilating,  Feb.  1949,  p.  85). 

Fog  Removal  in  Industrial  Plants,  by  R.  C.  Soronen  (Heating,  Piping  and  Air  Conditioning,  April,  1949, 
p.  72). 

Air  Conditioning  Crane  Cabs,  by  R.  D.  Darrah  (Refrigerating  Engineering,  May,  1949,  p.  440). 

Air-Conditioned  Crane  Cabs,  by  B.  R.  Small  (Industrial  Hygiene  Foundation^  Preventive  Engineering 
Series,  Bulletin  No.  4,  1947). 

HEALTH,  SAFETY  AND  EFFICIENCY 

Lectures,  The  Inservice  Training  Course  in  Environmental  Controls  for  Industrial  Processes,  University 
of  Michigan  School  of  Public  Health,  1946:  Environmental  Controls  in  Industrial  Health,  by  R.  R.  Sayers; 
Principles  of  Industrial  Process  Ventilation,  by  W.  N.  Witheridge;  The  Selection  and  Maintenance  of  Equip- 
ment for  Process  Control,  by  R.  P,  Warren;  Environmental  Control  of  Industrial  Processes  as  Affected  by 
Foundry  Lay-out,  by  John  Linabury;  Foundry  Ventilation,  by  J.  M.  Kane;  Control  of  Welding  Hazards, 
by  W.  C.  L.  Hemeon;  Environmental  Control  of  the  Metal  Cleaning  Processes,  by  F,  A.  Patty;  Painting, 
by  T.  F.  Mooney;  Health  Hazards  in  the  Electroplating  Industry,  by  William  Blum;  Industrial  Housekeeping 
and  Sanitation,  by  John  Soet. 

Air  Sanitation  and  Industrial  Ventilation,  by  W.  N.  Witheridge,  Detroit,  1945. 

An  Investigation  of  the  Bacterial  Contamination  of  the  Air  of  Textile  Mills  with  Special  Reference  to  the 
Influence  of  Artificial  Humidification,  by  W.  F.  Wells  and  E.  C.  Riley  (The  Journal  of  Industrial  Hygiene  and 
Toxicology,  Vol.  19,  No.  10,  December,  1937). 

Industrial  Cooling  as  a  Production  Aid,  by  J.  Partington,  Jr.  (Heating  and  Ventilating,  April,  1944,  p.  47). 

Industrial  Exhaust  Ventilation  in  Industrial  Hygiene,  by  A.  D.  Brandt  (A.S.H.V.E.  TBANSACTIONS. 
Vol.  50, 1944,  p.  331). 

Control  of  Industrial  Atmospheres,  by  W.  N.  Witheridge  (A.S.H.V.E.  TBANSACTIONS,  Vol.  51,  1945,  p. 
227). 

Mine  Ventilation  and  its  Relation  to  Health  and  Safety,  by  D.  Harrington  (A.S.H.V.E.  TRANSACTIONS. 
Vol.  51, 1945,  p.  243). 

Ventilation  Requirements  for  Industrial  Solvents,  by  W.  C.  L.  Hemeon  (Heating  and  Ventilating,  Decem- 
ber, 1945,  p.  95;  January,  p.  69;  March,  p.  82;  and  April,  p.  79, 1946). 

Guides  for  Industrial  Ventilation,  by  Allen  D.  Brandt  (Heating  and  Ventilating,  March,  1946,  p.  67). 

Industrial  Dust  Explosions,  by  Hylton  R.  Brown  (Heating  and  Ventilating,  March,  1946,,  p.  73). 

Supply  Air  in  Plant  Ventilation,  by  J.  B.  Skinner  and  William  M.  Pierce  (Heating  and  Ventilating,  May. 

1946,  p.  57). 

What  Air  Conditions  Make  for  Comfort  in  Industry?,  by  H.  A,  Mosher  (Heating,  Piping  and  Air  Con- 
ditioning, April,  1946,  p.  106). 

Air  Conditioning  Requirements  for  Workers  in  Factories,  by  H.  A.  Mosher  (Heating,  Piping  and  Air  Con- 
dioningf  August,  1946,  p.  82). 

Hot  Weather  Limits  Hard  Work.  (Brief  summary  of  investigation  done  for  Army  Quartermaster  Corps, 
by  Department  of  Physiology,  Medical  School,  University  of  Indiana.  Heating  and  Ventilating,  August, 

1947,  p.  110). 

Methods  Used  in  Determining  the  Health  Hazards  Arising  from  the  Inhalation  of  Various  Chemicals,  by 
Francis  F,  Heyroth  (A.S.H.V.E.  JOTJBNAL  SECTION,  Heating,  Piping  and  Air  Conditioning,  January,  1947. 
p.  109,  and  discussions,  Heatinff»  Piping  and  Air  Conditioning,  April,  1947,  p.  113). 

Air  Recirculation  from  Exhaust  Systems,  by  John  M.  Kane  (Heating  and  Ventilating,  April,  1947,  p.  75). 

Should  Air  Be  Recirculated  from  Industrial  Exhaust  Systems?  by  Allen  D.  Brandt  (Heating,  Piping 
and  Air  Conditioning,  August,  1947,  p.  69). 

Dehumidification  Methods  and  Applications,  by  John  Everetts,  Jr.  (A.S.H.V.E.  JOURNAL  SECTION, 
Heating,  Piping  and  Air  Conditioning,  December,  1946,  p.  121). 

Rating  Dynamic  Dehumidification  Equipment,  by  E.  R.  Queer  and  E.  R.  McLaughlin  (A.S.H.VJ5. 
JOURNAL  SECTION,  Heating,  Piping  and  Air  Conditioning,  January,  1947,  p.  103). 


CHAPTER  45 

INDUSTRIAL  EXHAUST  SYSTEMS 

Classification  of  Systems,  Hood  Design  Principles,  Capture  Velocity  and  Hood 

Suction,  Duct  System  Design,  Resistance  of  System,  Efficiency  of  System,  Air 

Flow  Producing  Equipment,  Protection  Against  Corrosion  and  Abrasion 

IN  many  industrial  plants  some  type  of  exhaust  system  designed  to 
collect  and  remove  dusts,  fumes,  mists,  vapors  and  gases  is  essential 
in  order  to  promote  efficiency,  economy,  and  safety  of  operation.    Defini- 
tions of  these  various  contaminants  are  included  in  Chapter  8,  Air  Con- 
taminants. 

The  theory  of  air  flow  in  an  exhaust  system  in  the  following  paragraphs 
A  to  D  will  be  found  in  a  publication1  of  the  American  Foundrymen's 
Association. 

A .  When  the  air  flow  producing  equipment  of  an  exhaust  system  is  properly  oper- 
ated, it  will  produce  a  negative  pressure  (below  atmospheric)  in  the  exhaust  side  of 
the  system  sufficient  to  overcome  all  resistance  and  to  sustain  the  desired  air  velocity; 
and,  further,  will  overcome  all  resistances  on  the  discharge  or  positive  pressure  side 
of  the  system  so  that  the  air  drawn  through  exhaust  inlets  will  be  discharged  against 
atmospheric  pressure. 

B.  An  exhaust  system  is  entirely  dependent  on  a  sufficient  volume  of  air  flowing  into 
the  exhaust  inlets  to  catch  the  matter  to  be  exhausted  before  such  matter  has  an  op- 
portunity to  diffuse  into  the  general  atmosphere  of  the  work  place  or  room. 

C.  The  velocity  of  the  air  flowing  into  an  exhaust  inlet  is  usually  of  secondary 
importance,  and  becomes  an  essential  factor  only  when  a  certain  velocity  is  required 
to  overcome  some  force  acting  on  the  matter  to  be  caught.    The  velocity  within  an 
exhaust  system  is  only  important  to  the  extent  that  it  shall  be  sufficient  to  convey 
the  entrained  matter  and  prevent  it  from  settling  or  dropping  out  in  the  piping  sys- 
tem.   Velocity  in  terms  of  velocity  pressure  is  most  essential  in  designing  a  system 
because  it  is  tile  basis  upon  which  all  calculations  are  made.    In  testing  and  checking 
a  system  the  velocity,  as  determined  from  the  velocity  pressure  reading  obtained  by 
means  of  a  Pitot  tube,  is  the  only  true  indication  of  the  exact  air  flow  in  a  pipe  or 
system. 

D.  The  total  pressure  within  an  exhaust  system  is  only  of  importance  in  deter- 
mining the  power  required  to  operate  the  system.    Total  pressure  tests  do  not  in- 
dicate the  proper  functioning  of  an  exhaust  system  as  related  to  the  volume  and 
velocity  of  the  air  flowing  into>n  exhaust  inlet. 

General  design  information  is  included  in  this  chapter  which  is  intended 
to  relate  primarily  to  industrial  exhaust  systems. 

CLASSIFICATION  OF  SYSTEMS 

In  general  there  are  two  basic  layouts  of  exhaust  systems,  the  central 
and  the  multiple  unit  system.  In  the  central  system  a  fan  is  located  near 
the  center  of  operations  with  a  piping  system  radiating  to  the  various 
machines  to  be  served.  In  the  multiple  unit  system,  winch  is  sometimes 
employed  where  the  machines  to  be  served  are  widely  scattered,  or  where 
the  operations  are  apt  to  be  independent  or  intermittent,  small  individual 
exhaust  fans  are  located  at  the  center  of  the  machine  groups  or  at  each 
machine.  The  unit  arrangement  has  the  advantage  of  flexibility. 

Exhaust  systems  may  be  classified  with  respect  to  the  nature  of  the 
material  to  be  handled  by  them  as  (a)  those  handling  dusts  and  certain 
fumes  and  mists  of  large  particle  size,  and  (b)  those  handling  vapors,  gases 
and  certain  fumes  and  mists  of  small  particle  size.  Design  details  differ 
in  systems  serving  dust  producing  operations  and  those  exhausting  the 
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more  vapor-like  matter,  even  though  the  same  basic  theories  govern  both 
classes. 

Dust  or  gas  may  be  captured  by  enclosure  or  by  open  hoods  with  positive 
inward  air  movement.  With  some  classes  of  machinery  it  is  not  feasible 
to  hood  the  machines  closely,  and  in  these  cases  open  hoods  over  or  ad- 
jacent to  the  machines  are  provided  to  collect  as  much  as  possible  of  the 
dust  and  fumes.  Examples  of  these  classes  include  such  machines  or  oper- 
ations as  pickling  tanks,  melting  furnaces,  arc  welding  and  monument 
finishing  operations. 

Open  hoods  should  be  placed  as  close  to  the  source  of  dust  or  fumes  as 
possible,  with  due  regard  to  the  movements  of  the  operator.  In  no  in- 
stance should  the  operator  be  located  between  the  source  of  dispersion  and 
the  exhaust  hood  or  enclosure.  When  the  hood  must  be  placed  at  some 
distance  above  the  machine,  it  should  be  large  enough  to  cover  a  large  area 
as  dispersion  (considering  dust)  is  usually  quite  rapid. 

Some  consideration  should  be  given  to  the  natural  movement  of  the 
contaminant.  In  many  cases  there  are  convection  currents  and  other 
atmospheric  disturbances  in  the  work  room.  These  disturbances  diminish 
the  tendency  of  dust  and  fumes  to  settle  from  the  room  air. 

In  some  classes  of  operation  the  main  objective  is  to  prevent  the  escape 
of  dust  into  the  surrounding  atmosphere,  and  the  removal  of  some  dust 
from  the  machine  or  enclosure  may  be  merely  incidental.  The  dust- 
creating  apparatus  is  enclosed  within  a  housing  which  is  made  as  tight  as 
practicable,  and  sufficient  suction  is  applied  to  the  enclosure  to  maintain 
an  inward  air  flow  through  all  cracks  and  openings,  thus  preventing  escape 
of  the  dust.  While  the  exhaust  system  is  required  to  handle  only  the  air 
which  enters  through  the  crevices  and  openings  in  the  enclosure,  in  many 
installations  leakages  are  very  high  and  great  care  is  required  to  reduce 
such  leakages  to  a  minimum. 

Certain  dust  and  fume  producing  operations  are  best  carried  on  by  iso- 
lating the  process  in  a  separate  compartment  or  room,  and  then  applying 
general  ventilation  to  this  space. 

HOOD  DESIGN  PRINCIPLES2' 3>4-5'6'7 

The  first  and  most  important  steps  in  the  design  of  a  local  exhaust  sys- 
tem are  to  determine  the  number  and  shape  of  hoods  or  enclosures  and  the 
size  of  the  branch  connections.  No  general  rules,  however,  can  be  given 
since  hood  and  duct  designs  are  determined  by  the  characteristics  of  the 
operations  to  which  they  are  applied.  When  a  tentative  decision  regard- 
ing the  set-up  has  been  made,  it  is  then  necessary  to  obtain  the  suction  a#d 
air  velocities  required  to  effect  control.  At  this  point  the  designer  must 
rely  upon  the  prevailing  practice  and  on  such  physical  data  relating  to 
hoods,  duct  systems  and  collectors  as  are  available. 

In  general,  the  most  important  requirements8  of  an  efficient  local  exhaust 
system  are : 

1.  Hoods,  ducts,  fans,  motors  and  collectors  should  be  of  adequate  size  and  type. 

2.  The  air  velocities  should  be  sufficient  to  control  and  convey  the  materials  col- 
lected. 

3.  The  hoods  and  ducts  should  be  placed  so  as  not  to  interfere  with  the  operation 
of  a  machine  or  any  working  part. 

4.  The  sys.tem  should  do  the  required  work  with  a  minimum  power  consumption. 

5.  When  flammable  contaminants  are  conveyed,  the  piping  should  be  provided 
with  an  automatic  damper  in  passing  through  a  fire-wall  (Refer  to  Pamphlet  No.  91, 
National  Board  of  Fire  Underwriters9). 
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6.  Ducts  and  all  metal  parts  should  be  grounded  to  reduce  the  danger  of  dust  ex- 
plosions by  static  electricity.    Motor  and  starting  equipment  should  conform  to 
Article  500 — Hazardous  Locations — of  the  National  Electrical  Code10. 

7.  The  exhaust  system  should  be  readily  accessible  for  inspection  and  main- 
tenance. 

CAPTURE  VELOCITY  AND  HOOD  SUCTION 

The  removal  of  dust  or  contaminant  by  means  of  an  exhaust  hood  re- 
quires a  movement  of  air  at  the  point  of  origin  sufficient  to  carry  it  into  the 
exhaust  system.  The  air  velocity  necessary  to  accomplish  this  depends 
upon  the  physical  properties  of  the  material  to  be  controlled  and  the  direc- 
tion and  speed  with  which  it  is  dispersed.  If  the  dust  to  be  removed  is 
already  in  motion,  as  is  the  case  with  high-speed  grinding  wheels,  the  hood 
must  be  installed  in  the  path  of  the  particles  so  that  a  minimum  air  volume 
may  be  used  effectively.  It  is  always  desirable  to  design  and  locate  a 


TABLE  1. 


MINIMUM  AIR  VELOCITIES  REQUIRED  AT  POINT  OF  ORIGIN  TO  CAPTURE 
CONTAMINANT  EFFECTIVELY 


CONDITION  OP  GENERATION 
OF  CONTAMINANT 

MINIMT3M 

CAPTURE 
VELOCITY. 
FPM 

PROCESS 

Released  without  notice- 
able movement 

Released  with  low  veloc- 
ity 

Active   generation 
Released  with  great  force 

50-100 
100-200 

200-500 
500-2000 

Evaporation^  vapors,  exhaust  from  pick- 
ling, washing,  degreasing,  plating,  weld- 
ing, etc. 
Paint  spraying  in  booth;  inspection,  sort- 
ing, weighing,  packaging,  low  speed  con- 
veyor transfer  points,  rotating  mixtures, 
barrel  filling. 
Foundry  shakeout,  high   speed   conveyor 
transfer  points,  crushers,  screens. 
Grinding,  tumbling  mills,  abrasive  cleaning. 

hood  so  that  the  volume  of  air  necessary  to  produce  results  is  as  small  as 
possible.  This  will  reduce  the  size  of  equipment,  the  power  required  by 
the  system,  and  also  the  heating  load  requirements  in  winter. 

Capture  Velocities 

Data  for  the  selection  of  capture  velocities  of  many  operations  are  not 
available,  but  it  is  safe  to  assume  that  for  most  dusty  operations  velocities 
should  not  be  less  than  200  fpm  at  the  point  of  origin.  Recommended 
minimum  capture  velocities  for  various  processes  are  given  in  Table  1. 

The  method  for  determining  approximately  the  quantity  of  air  that  must 
be  exhausted  to  produce  these  capture  velocities  at  the  point  of  origin  is 
given  in  Equation  1 : 


Q  -  F(10Z*  + 


(1) 


where 

Q  =  Quantity  of  air  exhausted,  cubic  feet  per  minute. 

V  «=  Air  velocity  in  feet  per  minute  at  X  distance  in  feet  from  the  hood  and  on  the 

centerline  of  the  hood. 
X  =  Distance  in  feet  along  the  hood  centerline  from  the  face  of  the  hood  to  the 

point  where  the  air  velocity  is  V  feet  per  minute. 
A  =  Area  in  square  feet  of  the  hood  opening. 
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TABLE  2.  BSANCH  PIPE  SIZE  FOB  WOODWOKKING  MACHINB  HOODS 
Based  on  a  Pipe  Velocity  of  4000  fpm. 


SIZE,  IN. 

MINIMUM  DIAMETER,  IN. 

TYPE  OF  MACHINE 

No.  OF 
BRANCHES 

Min. 

Max. 

BOTTOM 

BRANCH 

TOP 
BRANCH 

OTHERS 

Self  feed  table  saw- 

2 

5 

4 

Other  single  saws 

18 

18 

1 
1 

4 
5 

Saws  with  Dado  Head 

1 

5 

2 

2 

4 

4 

Band  saws 

2 

8 

2 

5 

4 

3 

6 

2 

5 

5 

18 

1 

4 

18 

28 

1 

5 

Disc  sanders 

26 

32 

2 

4 

4 

32 

38 

2 

5 

4 

38 

48 

3 

5 

4 

4 

30 

.1 

7 

Triple  drum  sanders 

30 
36 

36 
42 

1 

1 

8 
9 

42 

48 

1 

10 

Single  drum  sanders: 
(area  in  sq  in.) 

350 
700 

350 
700 
1400 

1 

4a 
5 
6 

1400 

2800 

7 

Horizontal  belt  sanders 

9 

9 

14 

2 
2 

5 
6 

4 
4 

6 

1 

4 

Vertical  belt  sanders 

6 

9 

1 

5 

9 

14 

1 

6 

Jointers 

8 

8 
20 

1 
1 

4 
5 

20 

1 

5 

Single  planers 

20 

26 

1 

6 

26 

36 

1 

7 

Tenoner 

2 

5 

5 

aNot  over  10  in.  diameter. 


No  set  rule  can  be  given  regarding  the  shape  of  a  hood  for  a  particular 
operation,  but  it  is  well  to  remember  that  its  essential  function  is  to  create 
an  adequate  velocity  distribution.  The  fact  that  the  zone  of  greatest 
effectiveness  does  not  extend  laterally  from  the  edges  of  the  opening,  may 
frequently  be  utilized  in  estimating  the  size  of  hood  required.  Where 
complete  enclosure  of  a  dusty  operation  is  contemplated,  it  is  desirable  to 
leave  enough  free  space  to  equal  the  area  of  the  connecting  duct.  Hoods 
for  grinding,  polishing  and  buffing  should  fit  closely,  but  at  the  same  time 
should  provide  an  easy  means  for  changing  the  wheels.  It  is  advisable  to 
design  these  hoods  with  a  removable  hopper  at  the  base  to  capture  the 
heavy  dust  and  articles  dropped  by  the  operator.  Such  provisions  are  of 
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assistance  in  keeping  the  ducts  clear.  The  air  quantity  required  to  capture 
dust^  which  is  thrown  or  projected  in  a  direction  away  from  the  hood  at 
considerable  velocity,  may  often  be  reduced  by  effective  baffling  or  partial 
enclosure  of  an  operation.  This  procedure  is  strongly  urged  where  dusts 
are  directed  beyond  the  zone  of  influence  of  the  hood. 

Air  Flow  from  Static  Readings 

State  Codes  for  local  exhaust  systems  at  certain  operations  list  minimum 
static  suction  requirements  which  may  range  from  1J  in.  to  5  in.  water 
column.  Frequently,  in  grinding,  buffing  and  polishing  operations,  a  large 
part  of  the  wheel  must  be  exposed,  and  the  dust-laden  air  within  the  hood 
is  thrown  outward  by  the  centrifugal  action  of  the  wheel,  thus  counter- 
acting useful  inward  draft. 

The  static  suction  at  the  throat  of  a  hood  is  frequently  used  in  practice 
as  a  measure  of  the  effectiveness  of  control.  Where  the  hood  coefficient 
is  known  the  volume  of  air  flow  through  any  hood  may  be  determined 
from  the  equation  : 

Q  -  4005/AV/Ts  (2) 

where 

Q  =  quantity  of  air  exhausted,  cubic  feet  per  minute. 

A  =  area  of  connecting  duct,  square  feet. 

ha  =  static  suction  measured  at  approximately  3  diameters  from  throat  of  hood, 

inches  of  water. 
/  tsa  orifice  or  restriction  coefficient  which  varies  from  0.6  to  0.95  depending  on 

the  shape  of  the  hood5 . 

An  average  value  of /is  0.8,  although  for  a  well-shaped  opening  a  value 
of  0.85  to  0.9  may  be  used.  The  factor  /  is  determined  from  the  equation : 

(3) 

where  Av  is  the  velocity  head  in  the  connecting  duct. 

The  static  suction  is  not  a  good  measure  of  the  effectiveness  of  a  hood, 
unless  the  area  of  the  opening  and  the  location  of  the  operation  with  respect 
to  the  hood  are  known.  This  is  clearly  indicated  by  Equation  4  which 
shows  that  the  velocity  at  any  point  along  the  axis  varies  approximately 
inversely  as  the  square  of  the  distance.  This  formula  coupled  with  Equa- 
tion 2  should  serve  to  indicate  the  velocity  conditions  to  be  expected  when 
operations  are  conducted  externally  to  the  hood  opening, 

Axial  Velocity  Formula  for  Hoods 

When  the  normal  flow  of  air  into  a  hood  is  unobstructed,  Equation  4 
may  be  used  to  determine  the  air  velocity  at  any  point  along  the  axis11 : 


y  . 
V       rf 

where 

y  »  velocity  at  point,  feet  per  minute. 

Q  =  quantity  of  air  exhausted,  cubic  feet  per  minute. 

x  «  distance  along  axis,  feet. 

A  =  area  of  opening,  square  feet. 
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Design  Based  on  Total  Air  Plow 

Where  the  foregoing  factors  are  not  known,  the  usual  method  of  de- 
signing an  exhaust  system  is  to  base  the  air  flow  through  the  system  on 
rates  of  flow  (through  each  hood)  which  have  been  found  by  experience  to 
provide  adequate  control.  For  woodworking  systems  the  sizes  of  branch 
connections  in  common  use  are  given  in  Table  2. 

Similar  data  for  grinding  and  buffing  wheels  are  given  in  Table  3. 

Velocity  Contours 

It  is  possible  by  use  of  a  specially  constructed  Pitot  tube12  to  map  con- 
tours of  equal  velocity  in  any  axial  plane  located  in  the  field  of  influence. 
It  has  been  found  that  the  positions  of  these  contours  for  any  hood  can  be 

TABLE  3.  BRANCH  PIPE  SIZES  FOR  GBINDING  AND  BUPPINTG  HOODS 
Based  on  a  Pipe  Velocity  of  4500  fpm. 


TYPE  OF  WHEEL 

WHEEL  SIZE 
DIAMETER,  IN. 

MAXIMUM 

BRANCH  PIPE 

MINIMUM  DIAMETER, 
IN. 

Min. 

Max. 

Width 
In. 

Area 
Sq  In. 

Grinding 

"9 

18 
24 
30 

9 
18 
24 
30 
36 

1 
3 

4 
5 
6 

30 
175 
300 
500 
700 

3 

4 
5 
6 

7 

Disc  Grinding 

20 

20 
30 

.... 

300 

4 
5 

Buffing,  -Polishing  and 
Scratch  Brushing 

"s 

16 
24 

8 
16 
24 
30 

2 
3 

4 
6 

50 
150 
300 
600 

VA 

5 
6 

expressed  as  percentages  of  the  velocity  at  the  hood  opening  and  are 
purely  functions  of  the  shape  of  the  hood18. 

Further,  the  velocity  contours  are  identical  for  similar  hood  shapes 
when  the  hoods  are  reduced  to  the  same  basis  of  comparison.  These  facts 
are  applicable  to  all  hood  problems  so  that  when  the  velocity  contour 
distribution  is  known,  the  air  flow  required  can  be  determined.  Fig.  1 
shows  the  contour  distribution  in  two  axial  planes  perpendicular  to  the 
sides  of  a  rectangular  hood  with  a  side  ratio  of  one-half.  The  distribu- 
tion shown  is  identical  for  all  openings  with  a  similar  side  ratio,  provided 
the  mapping  is  as  shown  in  the  figure.  The  contours,  of  course,  are  ex- 
pressed as  percentages  of  the  velocity  at  the  opening. 

Low  Velocity  Systems 

On  multiple  installations  of  the  same  operation,  it  is  often  possible  to 
institute  a  great  saving  in  power  cost  by  designing  an  exhaust  system 
using  low  velocities  in  the  main  ducts.  Such  a  system  for  use  in  grinding 
and  shaping  porcelain  has  been  described14.  In  these  operations,  the 
separate  machines  are  grouped  around  a  central  plenum  chamber  and 
exhausted  by  means  of  a  low  pressure  fan  connected  to  the  plenum.  In 
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one  such  case  a  power  saving  of  over  90  per  cent  was  obtained.    A  similar 
design  technique16  has  been  described  for  use  in  ventilating  plating  tanks. 

Canopy  Hoods 

Canopy  hoods  are  being  replaced  by  other  types  of  hoods,  such  as  slotted 
hoods  at  tank  operations.    Where  canopy  hoods  are  used,  they  should 


FIG*  1.  VELOCITY  CONTOURS  FOE  RECTANGULAR  OPENING  WITH  A  SIDE  RATIO  OF 

ONE-HALF.    CONTOURS  ARK  EXPRESSED  AS  PERCENTAGES  OF  THE 

VELOCITY  AT  THE  OPENING 

extend  6  in.  laterally  from  the  tank  for  every  12  in.  elevation,  and  wherever 
possible  they  should  have  side  and  rear  aprons  so  as  to  prevent  short 
circuiting  of  air  from  spaces  not  directly  over  the  vats  or  tanks.  In  most 
cases,  hoods  of  this  type  take  advantage  of  the  natural  tendency  of  the 
vapors  to  rise,  and  air  velocities  may  be  kept  low.  Cross  drafts  from  open 
doors  or  windows  disturb  the  rise  of  the  vapors,  and  therefore  provision 
must  be  made  for  them.  The  air  velocities  required  also  depend  upon  the 
character  of  the  vapors  given  off.  The  recommended  minimum  capture 
velocity  is  100  fpm. 

The  quantity  of  air  which  must  be  exhausted  to  obtain  any  given  capture 
velocity  is  expressed  by  the  following  equation: 

Q  -  1.4  PDF  (5) 

where 

Q  «  quantity  of  air  exhausted  by  hood,  cubic  feet  per  minute. 

P  «  perimeter  of  the  tank,  feet. 

D  ==  distance  between  tank  and  hood  opening,  feet. 

V  »  capture  velocity,  feet  per  minute. 
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Lateral  Exhaust  Systems 

Lateral  exhaust  as  developed  for  chromium  plating16  is  ^  preferred  to 
canopy  type  hoods.  The  method  makes  use  of  drawing  air  and  fumes 
laterally  across  the  top  of  vats  or  tanks  into  slotted  ducts  located  at  the 
top,  and  extending  fully  along  one  or  more  sides  of  the  tanks.  The  slot 
width  is  usually  based  on  a  slot  velocity  of  2000  fpm,  but  should  not  be 
less  than  1  in,  wide.  The  hood  should  not  be  required  to  draw  the  air 
laterally  for  a  distance  of  more  than  24  in.,  and  the  level  of  the  solution 
should  be  kept  6  to  8  in.  below  the  top  of  the  tank.  If  width  of  tank  is 
over  24  in.,  a  double  lateral  exhaust  should  be  used  with  slots  on  both  sides. 

It  has  also  been  determined  that  a  similar  control  may  be  used  for  tanks 
wider  than  3  ft  when  the  same  velocity  (2000  fpniHs  maintained  through 
a  slot  which  is  increased  J  in.  for  every  foot  of  width  greater  than  3  ft. 
When  these  slots  must  be  extended  more  than  6  ft  in  length,  some  method 
of  spreading  the  flow  is  necessary  to  provide  even  air  flow  distribution 
through  the  entire  slot  length.  This  can  be  accomplished  by  tapering  the 
slot,  which  incidentally  will  add  to  the  resistance  of  the  system^  A  more 
economical  approach  is  to  place  properly  spaced  vanes  in  the  side  ducts, 
or  to  branch  the  side  duets17. 

Spray  Booths 

In  the  design  of  an  efficient  spray  booth,  it  is  essential  to  maintain  an 
even  distribution  of  air  flow  through  the  opening  and  about  the  object 
being  sprayed.  While  in  many  instances  spraying  operations  can  be 
performed  mechanically  in  wholly  enclosed  booths,  the  volatile  solvent 
vapors  produced  by  spraying  operations  may  reach  injurious  or  explosive 
concentrations.  At  all  times  the  concentrations  of  these  vapors,  and  par- 
ticularly those  containing  benzol,  should  be  kept  well  below  100  parts  per 
million  in  the  breathing  zone  of  the  worker.  Vapors  from  many  spraying 
operations  are  dangerous  to  the  health  of  the  worker,  and  care  should  be 
taken  to  minimize  exposure  to  them. 

It  is  recommended  in  the  design  of  spray  booths  that  the  exhaust  duct 
be  located  at  the  end  of  the  booth  opposite  the  opening.  In  front  of  this 
duct  should  be  placed  baffle  plates  winch  will  cause  a  uniform  air  velocity 
distribution  across  the  frontal  area.  The  air  volume  should  be  sufficient 
to  maintain  a  velocity  of  not  less  than  150  fpm  over  the  open  area  of  the 
booth. 

Spray  booths  may  be  either  the  dry  or  wet  type.  The  latter  is  the  more 
modem  design,  provided  with  a  water-wash  section  for  the  removal  of 
the  solid  over-spray  contaminants,  and  for  the  absorption  of  water-soluble 
thinners  or  solvents. 

The  most  modern  innovation  is  the  electrostatic  spraying  and  detearing 
unit.  Objects  to  be  sprayed  are  passed  through  a  high  tension  electro- 
static field,  which  not  only  produces  a  more  evenly  sprayed  surface,  but 
materially  reduces  excessive  over-spray.  The  detearing  unit  removes 
tear-drops  of  sprayed  material  from  the  edges  or  ends  of  air-drying  sprayed 
objects  as  these  objects  pass  through  a  high  tension  electrostatic  field. 

Hoods  for  Chemical  Laboratories 

^Hoods  used  in  chemical  laboratories  are  generally  provided  with  sliding 
windows  which  permit  positive  control  of  the  fumes  and  vapors  evolved 
by  the  apparatus.  Their  design  should  offer  easy  access  for  the  installa- 
tion of  chemical  equipment,  and  should  be  well  lighted.  Air  velocities 
should  not  exceed  100  fpm  when  the  window  is  fully  open. 
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Kitchen  Hoods 

The  length  and  width  of  kitchen  hoods  should  be  such  as  to  extend  be- 
yond the  extreme  projection  of  the  ranges,  broilers,  etc.,  over  which  they 
are  installed.  The  minimum  projection  or  overlap  should  be  12  in. 
Where  space  conditions  permit,  range  hoods  should  be  about  2  ft  high  so 
as  to  provide  a  reservoir  to  confine  momentary  bursts  of  smoke  and  steam 
until  the  exhaust  system  can  evacuate  the  hood.  Range  hoods  should 
be  located  as  low  as  possible  to  increase  their  effectiveness. 

In  general  the  amount  of  air  to  be  exhausted  from  restaurant  range 
hoods  is  at  the  rate  of  100  cfm  per  square  foot  of  face  area.  In  some  cases, 
where  the  application  is  principally  frying  and  where  it  is  not  practicable 
to  install  a  hood  2  ft  high,  it  is  recommended  that  the  face  velocity  be 
increased  from  100  to  150  fpm,  depending  on  peak  load  conditions  in  the 
kitchen.  Exhaust  connections  to  range  hoods  should  always  be  made  at 
the  top  and  back  of  hoods,  and  should  be  spaced  preferably  not  more  than 
6  ft  apart,  and  be  rectangular  in  shape  with  the  long  side  parallel  to  the 
back  of  the  hood.  Exhaust  openings  into  range  hoods  should  be  designed 
to  maintain  a  velocity  of  1500  to  1800  fpm. 

An  approved  fire  damper  with  fusible  link  should  be  (and  is  required  by 
code  in  many  states)  installed  in  the  main  exhaust  duct  or  branch  ad- 
jacent to  the  range  hood.  Should  there  be  more  than  one  hood  connected 
to  a.  common  duct,  then  the  branch  duct  to  each  hood  should  be  provided 
with  a  fire  damper.  Access  doors  should  be  provided  at  the  fire  damper 
for  purpose  of  inspection,  cleaning,  or  for  renewal  of  fusible  link.  All 
exhaust  piping  to  range  hoods,  commonly  called  grease  ducts,  should 
be  provided  with  tight  fitting  cleanout  doors  of  adequate  size  to  permit 
easy  removal  of  grease.  Some  engineers  use  filters  to  advantage  in  hoods* 
which  are  subject  to  grease  conditions. 

Hoods  over  steam  tables  should  be  of  construction  similar  to  range 
hoods.  It  is  good  practice  to  design  such  hoods  with  a  face  velocity  of  60 
to  70  fpm.  Hoods  over  dishwashing  machines  are  usually  relatively  small, 
and  generally  1500  to  2000  cfm  per  hood  are  allowed,  which  is  equivalent 
to  a  velocity  of  approximately  100  fpm  per  square  foot  of  face  area.  Range 
hoods  in  diet  kitchens  are  constructed  the  same  as  restaurant  range  hoods 
but  with  less  exhaust  air  per  square  foot  of  face  area,  depending  upon  the 
nature  of  the  food  cooked. 

Hoods  are  not  often  used  in  private  residences,  unless  they  are  quite  large 
and  the  consideration  of  expense  is  not  important.  For  such  residences 
the  hoods  should  be  designed  on  the  same  basis  as  diet  kitchens.  Most 
all  residence  kitchens  can  be  effectively  and  economically  ventilated  by 
the  installation  of  a  built-in  kitchen  ventilator,  which  should  be  located  in 
an  outside  wall  and  in  close  proximity  to  the  Idtchen  range.  It  has  been 
found  that  the  capacity  of  the  built-in  kitchen  ventilator  should  be  at 
least  350  cfm  regardless  of  the  size  of  kitchen.  This  can  be  justified  on  the 

TABLE  4.  APPBOSIMATE  CONVEYING  VELOCITIES 


MATERIAL  CONVEYED 

DESIGN  VELOCITY 

FPM 

Vapors,  gases,  fumes,  very  fine  dust  ,.  —  ,  — 
Fine  dry  dusts  

2,000 
3,000 

Average  industrial  dusts  -  -  .  .....  ........  .........  ........... 
Coarse  particles——  .  .  ........................  ...............  .....  ........... 
Large  particles,  heavy  loads,  moist  materials  

3,500 
3,500-4,500 
4,500  and  over 
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basis  that  the  smaller  the  kitchen  the  more  concentrated  the  heat  will  bes 
thus  requiring  a  more  rapid  rate  of  air  change.  Standard  size  built-in 
kitchen  ventilators  are  generally  available  in  three  sizes,  namely,  350,  500 
and  800  cfm.  The  proper  size  to  use  will  depend  on  design  conditions  and 
available  wall  space. 

DUCT  SYSTEM  DESIGN 

In  designing  a  duct  system  it  is  necessary  to  recognize  a  few  funda- 
mental principles  (see  also  Chapter  31).  Knowing  the  quantity  of  air 
required,  the  size  of  the  duct  may  be  computed  from  Equation  6 : 

A-*  m 

where 

A  =  cross -section  area  of  duct,  square  feet. 

Q  =  air  quantity  to  be  exhausted  by  the  duct,  cubic  feet  per  minute. 

V  =  velocity  of  air,  feet  per  minute. 

Air  Velocities  in  Ducts 

Where  it  is  necessary  to  transport  the  particulate  material  collected  in 
an  exhaust  system,  minunum  carrying  velocities  must  be  maintained  in 
the  ducts  preceding  the  collector.  It  has  been  found  that  good  results 
are  obtained  when  design  air  velocities  in  horizontal  runs  are  not  less  than 
2000  fpm,  or  not  greater  than  5000  fpm.  When  the  dust  being  carried  is 
organic  and  other  than  wood  flour,  or  similar  material,  a  velocity  of  2500 
fpm  is  adequate.  Approximate  required  conveying  velocities  are  given 
'in  Table  4. 

For  duct  systems  wherein  the  air  has  no  dust  or  solid  load,  a  lower 
velocity  is  desirable,  which  may  range  from  1500  to  2500  fpm.  In  view 
of  the  fact  that  the  horsepower  required  by  a  system  depends  directly 
on  the  resistance,  and  the  resistance  is  a  function  of  the  velocity,  eco- 
nomical design  requires  velocities  of  this  magnitude. 

The  equal  friction  method  is  generally  used  for  designing  a  duct  system, 
as  this  insures  equal  resistance  to  air  flow  in  all  branches  throughout  the 
system  (see  Chapter  31).  Long  main  ducts  do  not  generally  provide  the 
most  economical  layout.  Where  it  is  necessary  to  ventilate  a  large  number 
of  machines,  or  machines  which  are  widely  separated,  it  is  desirable  to 
locate  the  fan  at  approximately  the  center  of  the  system.  With  this  ar- 
rangement it  is  possible  to  choose  a  fan  which  will  deliver  the  required  air 
quantity  against  a  lower  resistance  pressure,  and  this  will  generally  result 
in  a  horsepower  saving. 

When  a  system  carrying  dust  is  designed  with  an  oversize  main  duct  to 
allow  for  future  extension,  the  air  velocity  may  be  found  to  be  too  low  to 
carry  the  dust,  and^serious  plugging  may  occur.  In  this  case  it  is  desirable 
to  install  an  orifice  in  the  end  of  the  pipe  to  allow  for  the  lower  air  quantity. 

Construction 

The  interior  of  all  ducts  should  be  smooth  and  free  from  obstructions 
at  joints  and  soldered  airtight.  Other  sealing  mediums  are  permissible 
where  soldering  is  impracticable. 

Ducts  should  be  constructed  of  galvanized  sheet  metal,  except  when  the 
presence  of  corrosive  fumes  or  gases,  temperatures  above  400  F,  or  other 
factors  would  make  galvanized  material  impracticable.  For  the  usual  ex- 


Industrial  Eshaust  Systems 


929 


TABLE  5.  GAGES  OF  METALS  FOB  EXHAUST  SYSTEMS* 


DIAMETER  OF  ROUND  PIPE  OR  GREATEST 
DIMENSION  OF  RECTANGULAR  PIPE, 

INCHES 

THICKNESS  OF  DUCT  MATERIAL  U.  S.  GAGE  NUMBER 

For  Highly  Abrasive  Matter 

For  Other  Matter 

Up  to  8  inclusive  .             .  . 

20 
18 
16 

14 

22 
20 
18 
16 

Over    8  to  18  inclusive  
Over  18  to  30  inclusive,  
Over  30  

aFundamentals  of  Design,  Construction,  Operation  and  Maintenance  of  Exhaust  Systems  (American 
Foundrymen's  Association,  p.  53). 

haust  systems,  the  metal  thicknesses  shown  in  Table  5  are  recommended. 
Elbows  and  angles  should  be  a  minimum  of  two  gages  heavier  than  straight 
lengths  of  equal  diameter.  Hoods  should  be  a  minimum  of  two  gages  heav- 
ier than  straight  sections  of  a  connecting  branch. 

Longitudinal  joints  of  ducts  should  be  lapped  and  riveted  or  spot- 
welded  on  3-ku  centers  maximum.  Girth  joints  or  ducts  should  be  made 
with  lap  in  direction  of  air  flow,  with  1  in.  lap  for  duct  diameters  through 

19  in.,  and  1 J  in.  lap  for  diameters  over  19  in.    Elbows  and  angles  should 
have  an  inside  or  throat  radius  of  two  pipe  diameters  whenever  possible. 
Large  radii  are  recommended  for  heavy  concentrations  of  highly  abrasive 
dusts.    Elbows  6  in.  or  less  in  diameter  should  be  constructed  of  at  least 
5  sections  and,  if  over  6  in.  in  diameter,  of  7  sections,  with  angles  pieced 
proportionally.    Hoods  should  be  free  of  sharp  edges  or  burrs  and  re- 
inforced to  provide  necessary  stiffness.    Transitions  in  mains  and  sub- 
mains  should  be  tapered  with  a  taper  5  in.  long  for  each  1  in.  change  in 
diameter  whenever  possible.    All  branches  should  enter  the  main  at  the 
large  end  of  the  transition  at  an  angle  not  to  exceed  45  deg^or  preferably 
30  deg.    Branches  should  be  connected  only  to  the  top  or  sides  of  mains, 
with  no  two  branches  entering  diametrically  opposite  to  each  otter. 
Dead  end  caps  should  be  provided  within  6  in.  from  last  branch  of  all 
mains  and  sub-mains.    Cleanouts  should  be  provided  every  10  ft  and 
near  each  elbow,  angle,  or  duct  junction  in  horizontal  sections.    Ducts 
should  be  supported  sufficiently  to  place  no  loads  on  connected  equipment, 
and  to  carry  weight  of  a  system  plugged  with  material.    The  maximum 
distance  between  supports  should  be  12  ft  for  8  in,  or  smaller  ducts,  and 

20  ft  for  larger  ducts.    Six  inches  minimum  clearance  should  be  provided 
between  ducts  and  the  ceiling,  wall  or  floor.    Blast  gates  for  adjustment 
of  the  system  should  be  placed  near  the  connection  of  a  branch  to  the  main, 
and  means  of  locking  gates  after  the  adjustments  have  been  made  should 
be  included.    Rectangular  ducts  should  be  used  only  when  clearances 
prevent  the  use  of  round  construction.     Rectangular  ducts  should  be  as 
nearly  square  as  possible.    The  weight  of  metal  and  the  lap,  ^and  other 
construction  details,. should  be  the  equal  of  round  duct  construction  having 
a  diameter  equal  to  the  longest  side.    All  pipes  passing  through  roofs 
should  be  equipped  with  collars  so  arranged  as  to  prevent  water  from  leak- 
ing into  the  building. 

The  main  trunks  and  branch  pipes  should  be  as  short  and  straight  as 
possible. 

Cleanout  openings  having  suitable  covers  should  be  placed  in  the  main 
and  branch  pipes  so  that  every  part  of  the  system  can  be  easily  reached  in 
case  the  system  clogs.  Either  a  large  cleanout  door  should  be  placed  in 
the  main  suction  pipe  near  the  fan  inlet,  or  a  detachable  section  of  pipe, 
held  in  place  by  lug  bands,  may  be  provided. 
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Every  pipe  should  be  kept  open  and  unobstructed  throughout  its  entire 
length,  and  no  fixed  screen  should  be  placed  in  it,  although  the  use  of  a 
trap  at  the  junction  of  the  hood  and  branch  pipe  is  permissible,  provided 
it  is  not  allowed  to  fill  up  completely.  The  passing  of  pipes  through  fire- 
walls should  be  avoided  wherever  possible,  and  floor  sweep  connections 
should  be  so  arranged  that  foreign  material  cannot  be  easily  introduced  into 
them. 

At  the  point  of  entrance  of  a  branch  pipe  with  the  main  duct,  there 
should  be  an  increase  in  the  latter  equal  to  their  sum.  Some  state  codes 
specify  that  the  combined  area  be  increased  by  25  per  cent.  While  this 
is  not  always  good  practice,  and  is  frequently  done  at  the  expense  of  a 
reduced  air  velocity,  it  is  often  done  where  future  expansion  of  the  exhaust 
system  is  contemplated. 

Duct  Resistance 

The  resistance  to  flow  in  round  galvanized  duct  riveted  and  soldered  at 
the  joints  may  be  obtained  from  Figs.  1  or  2,  Chapter  31.  The  pressure 
drop  through  elbows  depends  upon  the  radius  of  the  bend.  For  elbows 

TABLE  6.    Loss  THROUGH  90-DEG  ELBOWS 


RATIO  OP  ELBOW  CBNTEB  LINE  RADIUS  TO 
PIPB  DIAMETER  OB  DEPTH 

APPBOXIMATB  Loss  IN  P»B  CENT 
or  VELOCITY  HBAB 

I1 

2J 

80 
31 
22 
19 

whose  centerline  radii  vary  from  100  to  250  per  cent  of  pipe  diameter,  the 
loss  may  be  estimated  from  Table  6. 

RESISTANCE  OF  SYSTEM 

The  resistance  of  the  exhaust  system  is  composed  of  three  factors:  (1) 
loss  through  the  hoods,  (2)  collector  drop,  and  (3)  friction  drop  in  the  duct 
system. 

The  loss  through  the  hoods  is  usually  assumed  to  be  equal  to  one-half 
the  suction  at  the  hoods.  Where  possible  the  resistance  of  the  particular 
collector  to  be  used  should  be  obtained  from  the  manufacturer. 

Friction  drop  in  the  pipes  must  be  computed  for  each  section  where 
there  is  a  change  in  area  or  in  velocity.  The  velocities  should  be  found 
in  each  section  of  pipe  starting  with  the  branch  most  remote  from  the  fan. 
The  friction  drop  for  these  sections  can  be  determined  by  reference  to 
Table  6  in  this  chapter  and  Figs.  1  or  2,  Chapter  31.  Total  friction  loss  in 
the  piping  system  is  the  friction  drop  in  the  most  remote  branch,  plus  the 
drop  in  the  various  sections  of  the  main,  plus  the  drop  in  the  discharge  pipe. 

EFFICIENCY  OF  EXHAUST  SYSTEMS 

The  efficiency  of  an  exhaust  system  depends  upon  its  effectiveness  in 
reducing  the  concentration  of  dusts,  fumes,  vapors  and  gases  below  the 
safe  or  threshold  limits18. 

Too  much  emphasis  cannot  be  placed  on  the  necessity  of  testing  exhaust 
systems  frequently  by  determining  the  concentration  of  atmospheric 
contamination  at  the  worker's  breathing  level19.  Commonly  accepted 
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values  of  threshold  limits  for  usual  atmospheric  contaminants  will  be  found 
in  Tables  35  4  and  5,  Chapter  8. 

AIR  FLOW  PRODUCING  EQUIPMENT 

In  any  type  of  exhaust  system  some  form  of  air  flow  producing  equip- 
ment is  required  to  create  the  pressure  necessary  to  cause  the  air  to  flow- 
through  the  system  to  the  discharge  stack.  The  principal  types  of  air 
moving  equipment  are  centrifugal  exhaust  fans,  disc  or  propeller  fans, 
axial  flow  fans  and  venturi  ejectors. 

TABLE  7.  CORROSION  RESISTING  MATERIALS  FOR  EXHAUST  SYSTEMS* 


MATERIAL 

ACIDb 

ACETIC 

CHROMIC 

HYDRO- 
CHLORIC 

HTDHO- 

PLUORIC 

NITRIC 

PHOS- 

PBOBIC 

SUL- 

PBtJKOTJS 

±G= 

METALS 

D  it.  |  Cone. 

DiL 

Cone. 

Dii. 

Cone. 

DiL 

Cone. 

DIL 

Cone. 

Dii  |Conc. 

DiL!  Cone 

1   n  .  - 

Dii  Cone. 

Aluminum  

Good 

Fair 

Poor 

No  Data 

Poor 

Good 

Poor 

Poo? 

Poor 

Magnesium  and  Alloys  — 

No  Data 

Good 

Poor 

No  Data 

Poor 

Good 

No  Data 

No  Data 

No  Data 

No  Data 

Lead  and  Lead-Coated  — 

Poor 

Good 

Poor 

Poor 

Poor 

Poor 

Good 

Good  |  Poor 

Moly  Alloy  (60  Ni-~2QMo 
—20  Fe)  . 

Good 

No  Data 

Fair 

No  Data 

Poor 

Poor 

No  Data 

Good 

Monel  MetaL,    

Fair 

Poor 

Fair 

Poor 

Goodd 

Fair 

Poor 

Fair 

Poor 

Good®jPoor 

Bronze  ,  

Poor 

Good 

Silicon  Iron  

F&ir 

Good 

No  Data 

Fair 

Poor 

Good 

Good 

No  Data 

Good 

Stainless  Steelc  (18  Cr- 
8  Ni)  

Good 

Good 

Poor 

No  Data 

Good 

Poor 

Good 

PoorjGoods 

Enameled  Steel  

No  Data 

No  Data 

Good 

Poor 

Good 

Poor 

No  Data 

Good 

MlSCELLANBOTTS 

Asbestos  Coznp  —  —  .—  .. 

Good  except  against  strong  acids  and  alkalies 

Wml          -         

Some  woods  are  decomposed  or  softened  faster  than  others. 

Rubber.  

Poor 

Poor 

JPlastics  «           

In  general  plastics  resist  weak  acida  and  are  decomposed  by  concentrated  acid. 

f  Standard  Practice  Sheet  No.  115  (Division  of  Industrial  Hygiene,  New  York  State  J^^SSriSS  to 
b  Acid  mists  in  air  are  more  corrosive  than  as  liquid  in  storage  tank.    Galvanized  iron  not  resistant  to 

fiC1«  "stainless  ateel  of  (24  Cr-10  Ni)  fairly  resistant  at  low  temperature  for  HCl  and  JJaPO*. 
d  Under  most  conditions. 
*  At  room  temperatures. 

PROTECTION  AGAINST  CORROSION  AND  ABRASION 
Manufacturers  generally  provide  special  fans  for  the  handling  of  various 
industrial  wastes.  When  corrosive  or  abrasive  materials  are  conveyed, 
the  fan  blades  and  interior  of  the  fan  housing  should  be  protected  irpm 
wear.  This  may  be  accomplished  by  placing  the  collector  on  the  suction 
side  of  the  fan.  Excellent  protection  against  many  corrosive  acids  may 
be  obtained  by  lining  the  interior  surfaces  of  the  ducts  and  fans,  including 
wheels,  with  rubber. 

The  removal  of  gases  and  fumes  in  many  chemical  plants  requires  that 
metals  used  in  the  construction  of  the  exhaust  system  be  resistant  to  chem- 
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ical  corrosion,  A  list  of  the  materials  which  may  be  used  to  resist  the 
action  of  certain  fumes  is  given  in  Table  7.  Hoods  and  ducts,  when 
short,  may  frequently  be  constructed  of  wood  and  be  quite  effective. 
Rubberized  paints  are  available  and  may  be  applied  as  protective  coatings 
in  handling  such  gases  as  chlorine  and  hydrochloric  acid. 
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DRYING  SYSTEMS 

Drying  Terminology,  Mechanism  of  Drying,  Internal  and  External  Conditions, 

Periods  of  Drying,  Approximate  Equations  for  Estimating  Drying  Time,  Equi- 

librium Moisture  Content,  Applications  of  Hygrometry  to  Drying,  Dryer 

Calculations,  Drying  Methods  and  Equipment;  Eadiant,  Conduction 

and  Convection  Drying;  Solution  of  Drying  Problem 


term  drying,  in  a  broad  sense,  encompasses  the  removal  of  water, 
JL  and  occasionally  other  liquids,  from  gases,  liquids,  or  solids.  How- 
ever, the  common  usage  of  the  word  confines  the  meaning  principally  to 
the  removal  of  water  or  solvent  from  solids  by  thermal  means.  Dehumidi- 
fication  is  the  term  that  is  commonly  assigned  to  the  drying  of  gases.  This 
is  usually  accomplished  by  condensation  or  adsorption  by  various  drying 
agents  and  is  treated  in  Chapter  37.  Distillation,  and  more  particularly 
fractional  distillation,  is  associated  with  the  drying  of  liquids. 

It  is  usually  more  economical  to  employ,  whenever  possible,  mechanical 
means  of  separating  as  much  water  as  is  practicable  from  the  solid  mate- 
rials before  undertaking  drying  or  dehydration  steps.  These  mechanical 
methods  such  as  filtration,  screening,  pressing,  centrifuging,  or  settling 
usually  require  much  less  power,  and  frequently  less  capital  outlay,  thereby 
making  the  operation  cheaper  in  terms  of  cost  per  pound  of  water  removed, 

DRYING  TERMINOLOGY1 

The  generally  accepted  definitions  of  terms  used  in  drying  technology 
follow: 

Bound  moisture  refers  to  liquid  (held  by  a  solid)  which  exerts  a  vapor  pressure  less 
than  that  of  the  pure  liquid  at  the  same  temperature.  Liquid  may  become  bound 
by  retention  in  small  capillaries,  by  solution  in  cell  or  fiber  walls,  by  homogeneous 
solution  throughout  the  solid,  and  by  chemical  or  physical  adsorption  on  solid  sur- 
faces. Bound  moisture  can  be  removed  from  a  solid  only  under  specific  conditions 
of  humidity  in  the  external  surroundings. 

Capillary  flow  refers  to  the  flow  of  liquid  through  the  interstices  and  over  the  sur- 
face of  a  solid.  It  is  caused  by  liquid-solid  molecular  attraction. 

Commercial  dry  basis  expresses  the  moisture  content  of  a  product  as  pounds  of 
water  per  pound  of  solid  as  it  leaves  the  dryer,  i.e.,  per  pound  of  commercially  dry 
solid. 

The  constant-rate  period  is  that  drying  period  during  which  the  rate  of  water  re- 
moval per  unit  of  drying  surface  is  constant. 

The  critical  moisture  content  is  that  obtaining  when  the  constant-rate  period  ends 
and  the  falling-rate  period  begins. 

Dry  basis  indicates  the  moisture  content  of  a  wet  solid  as  pounds  of  water  per 
pound  of  bone-dry  solid.  The  advantage  of  using  this  basis  is  that  the  absolute 
amount  of  moisture  loss  is  obtained  simply  by  subtracting  the  moisture  contents 
before  and  after  drying.  (See  definition  of  Wet  Basis.) 

Dryer  efficiency  is  that  fraction  of  the  total  heat,  supplied  by  fuel,  used  to  evaporate 
water.  Overall  efficiency  is  sometimes  used  to  distinguish  overall  system  efficiency 
from  the  efficiency  of  the  drying  space  or  evaporative  efficiency, 

Equilibrium  moisture  content  is  that  to  which  a  given  material  can  be  dried  under 
specific  conditions  of  air  temperature  and  humidity. 

Evaporative  efficiency  compares  the  amount  of  evaporation  actually  obtained  in  a 
dryer  with  that  which  would  obtain  by  saturation  of  the  air. 

The  falling-rate  period  is  that  drying  period  during  which  the  instantaneous  drying 
rate  continually  decreases. 
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Fiber  saturation  point  is  the  moisture  content  of  cellular  materials  (wood,  etc.) 
at  which  the  cell  walls  are  completely  saturated  while  the  cavities^  are  liquid-free. 
It  may  be  defined  as  the  equilibrium  moisture  content  as  the  humidity  of  the  sur- 
rounding atmosphere  approaches  saturation. 

Free  moisture  content  is  that  liquid  content  which  is  removable  at  a  given  tempera- 
ture and  humidity.  Free  moisture  may  include  both  bound  and  unbound  moisture. 

The  funicular  state  is  that  condition  in  drying  a  porous  body  when  capillary  suction 
causes  air  to  be  sucked  into  the  pores. 

Humidity  denotes  the  amount  of  water  vapor  actually  present  in  a  gas,  and  is 
generally  expressed  as  weight  of  vapor  per  unit  weight  of  any  gas. 

A  hygroscopic  material  is  one  that  may  contain  bound  moisture. 

Initial  moisture  distribution  refers  to  the  moisture  distribution  throughout  a  solid 
when  drying  begins. 

Internal  diffusion.  Diffusion  is  a  single-phase  phenomenon;  internal  diffusion 
must  therefore  occur  as  solid  through  solid,  liquid  through  liquid,  or  gas  through  gas. 
Internal  diffusion  occurs  when  the  moving  phase  obeys  the  fundamental  laws  of 
diffusion. 

The  moisture  content  of  a  solid  is  usually  expressed  as  moisture  quantity  per  unit 
weight  or  volume  of  the  dry  or  wet  solid.  A  weight  (dry  or  wet)  basis  is  preferred. 

Moisture  gradient  refers  to  the  internal  distribution  of  water  in  a  solid  at  a  given 
moment  in  the  drying  process,  the  nature  of  which  depends  on  the  characteristics  of 
the  solid  involved. 

A  non-hygroscopic  material  is  one  that  can  contain  no  bound  moisture. 

Pendular  state  is  that  state  of  a  liquid  in  a  porous  solid  when  a  continuous  film  of 
liquid  no  longer  exists  around  and  between  discrete  particles  and,  therefore,  flow  by 
capillarity  cannot  occur.  This  state  succeeds  the  funicular  state. 

Unaccomplished  moisture  change  refers  to  the  ratio  of  the  free  moisture  present 
at  any  time  to  that  initially  present. 

Unbound  moisture  in  a  hygroscopic  material  is  that  moisture  in  excess  of  the  equi- 
librium moisture  content  corresponding  to  saturation  humidity.  All  water  in  a 
non-hygroscopic  material  is  unbound  water. 

Wet  basis  expresses  the  moisture  in  a  material  as  a  percentage  of  the  weight  of  the 
wet  solid.  This  basis  is  less  satisfactory  than  the  dry-weight  basis  on  which  the 
percentage  change  of  moisture  is  constant  for  all  moisture  contents.  Fig.  1  shows 
the  relationship  between  the  dry-  and  wet-weight  bases,  and  indicates  that  when  the 
wet-weight  basis  is  used  to  express  moisture  content,  a  2  or  3  per  cent  change  at  high 
moisture  contents  (above  70  per  cent)  actually  represents  a  15  to  20  per  cent  change 
in  evaporative  load.  An  evaporative  increase  of  this  amount  might  well  increase  the 
load  above  the  capacity  of  a  dryer. 

MECHANISM  OF  DRYING1 

When  a  solid  dries,  two  fundamental  processes  are  involved:  (1)  the 
transfer  of  heat  to  evaporate  the  liquid,  and  (2)  the  transfer  of  mass  as 
vapor  and  internal  liquid.  These  two  processes  occur  simultaneously, 
and  the  factors  governing  the  rate  of  each  process  determine  the  rate  of 
drying. 

In  any  commercial  drying  problem,  a  principal  objective  is  to  supply 
the  required  heat  in  the  most  efficient  manner.  Consequently,  heat  trans- 
fer may  occur  by  convection,  conduction,  or  radiation,  or  by  any  com- 
bination of  these  mechanisms.  The  various  types  of  industrial  dryers 
may  be  shown  to  differ  fundamentally  with  respect  to  the  method  used 
for  transferring  heat  to  the  solid.  In  general,  heat  must  flow  first  to  the 
outer  surface  of  the  solid  and  then  into  the  interior.  An  important  ex- 
ception is  drying  with  high  frequency  electrical  currents  where  heat  is 
generated  within  the  solid,  producing  a  higher  temperature  at  the  interior 
than  at  the  surface,  and  consequently,  causing  heat  to  flow  from  inside 
the  solid  to  the  outer  surfaces. 

Mass  transfer  in  drying  occurs  as  liquid  or  vapor  flow,  or  both,  within 
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the  solid,  and  as  vapor  flow  from  the  external  wet  surfaces.  The  nature  of 
liquid  concentration  gradients  in  solids  during  drying  depends  on  the 
mechanism  of  internal  liquid  flow,  and  this  mechanism,  in  turn,  depends 
to  &  large  extent  upon  the  physical  and  chemical  characteristics  of  the 
solid  being  dried. 

Internal  vs.  External  Conditions 

A  study  of  how  a  solid  dries  may  be  based  on  the  internal  mechanism 
of  liquid  flow,  or  on  the  effect  of  the  external  conditions  of  temperature, 
humidity,  air  flow,  state  of  subdivision,  etc.,  on  the  drying  rate  of  the 
solid.  The  former  procedure  involves  a  fundamental  study  of  the  liquid 
flow  conditions  within  a  solid  during  drying.  The  latter  procedure,  al- 
though less  fundamental,  is  more  generally  used  because  the  effects  are 
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easier  to  establish  and  the  results  have  greater  immediate  application  in 
dryer  design  and  operation. 

Internal  Mechanism  of  Liquid  Flow,  Internal  liquid  flow  may  occur 
by  several  mechanisms,  depending  on  the  structure  of  the  solid.  Several 
mechanisms  of  flow  are  as  follows: 

1.  Diffusion  in  continuous,  homogeneous  solids. 

2.  Capillary  flow  in  granular  and  porous  solids. 

3.  Flow  caused  by  shrinkage  and  pressure  gradients. 

4.  Flow  caused  by  a  vaporization-condensation  sequence. 

5.  Flow  caused  by  gravity* 

6.  Flow  caused  by  an  electrical  potential,  electro-osmosis. 

7.  Flow  caused  by  temperature  gradients,  thermal  diffusion. 

Although  more  than  one  of  these  mechanisms  of  flow  may  be  effective 
at  one  time,  only  one  predominates  as  a  rule  at  a  given  time  in  a  solid 
during  drying.  However,  a  different  mechanism  may  predominate  at  a 
different  time  in  the  cycle.  The  mechanism  of  moisture  flow  is  usually 
established  experimentally  from  a  study  of  moisture  gradients. 

External  Variables.  The  principal  external  variables  involved  in  ^any 
drying  problem -are:  temperature,  humidity,  air  flow,  state  of  subdivision 
of  the  solid,  agitation  of  the  solid,  method  of  supporting  the  solid,  and  the 
contact  between  hot  surfaces  and  wet  solid.  All  these  variables  do  not 
necessarily  occur  simultaneously  in  one  problem. 
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FIG.  2.  MOISTURE  CONTENT  W  vs.  DRYING  TIME  8* 

Periods  of  Drying1 

A  typical  drying  time  curve  for  a  wet  solid  is  shown  in  Fig.  2.  This 
curve  is  a  plot  of  the  moisture  content  at  any  time  in  a  solid  undergoing 
drying.  It  is  the  usual  method  of  presenting  experimental  drying  data. 
Although  Fig.  2  shows  that  the  moisture  content  is  subject  to  a  continuous 
variation  with  time,  a  more  precise  illustration  of  the  nature  of  this  varia- 
tion can  be  obtained  by  differentiating  the  curve  and  plotting  the  drying 
rate  (pounds  of  water  per  hour  per  pound  of  dry  material)  against  the 
moisture  content  (pounds  of  water  per  pound  of  dry  material)  as  shown 
in  Fig.  3,  or  plotting  the  rate  of  drying  against  time  as  shown  in  Fig.  4. 
These  rate  curves  show  that  the  drying  process  is  not  a  smooth,  continuous 
one  in  which  a  single  mechanism  controls  throughout.  The  rate  curve  in 
Fig.  4  has  the  advantage  of  showing  how  long  each  drying  period  predom- 
inates. 

Section  AB  on  each  curve  represents  a  constant-rate  period.  In  Fig.  2, 
it  is  shown  by  a  straight  line  of  constant  slope  dW/dd,  which  becomes  a 
horizontal  line  on  the  rate  curves  in  Figs.  3  and  4. 
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The  curved  portion  of  Fig.  2  is  termed  the  falling-rate  period,  and,  as 
shown  in  Figs.  3  and  4,  it  is  typified  by  a  continuously  changing  rate. 
Point  A,  where  the  constant  rate  ends  and  the  drying  rate  begins  to  de- 
crease, is  termed  the  critical  moisture  content. 

The  portion  of  the  curves  designated  by  CB  represents  a  warming-up 
period,  and  it  may,  or  may  not,  be  a  significant  item  depending  on  the 
total  time  involved. 

Constant-Rate  Period.  Drying  during  the  constant-rate  period  is  equiv- 
alent to  evaporation  from  a  free-water  surface  on  the  surface  of  the  solid. 
The  rate  of  drying  in  this  period  is  determined  by  the  rate  of  diffusion  of 
water  vapor  through  an  air  film  at  the  wet  surface  of  the  solid.  A  con- 
stant rate  of  evaporation  on  the  surface  of  the  solid  maintains  the  surface 
at  a  constant  temperature,  which,  in  the  absence  of  other  heat  effects,  is 
very  nearly  the  wet-bulb  temperature  of  the  air.  If  heat  flows  to  the 
surface  of  evaporation  by  radiation  and  conduction,  or  both,  in  addition 
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FIG.  4.  RATE  OF  DBYING,  -~rr  vs.  TIME  6 

to  convection,  the  surface  temperature  will  be  constant  at  some  value 
between  the  air  temperature  and  the  wet-bulb  temperature.  This  higher 
temperature  in  turn  produces  a  higher  constant  rate  of  evaporation. 

In  those  dryers  in  which  heat  is  transferred  to  a  wet  solid  by  conduction 
through  hot  surfaces,  and  heat  transfer  by  convection  is  not  a  factor,  the 
wet  surfaces  approach  the  boiling  point  temperature  rather  than  a  wet- 
bulb  temperature. 

When  all  the  heat  for  evaporation  in  the  constant-rate  period  is  supplied 
by  a  hot  gas,  a  dynamic  equilibrium  is  established  between  the  rate  of  heat 
transfer  to  the  material  and  the  rate  of  vapor  removal  from  the  surface. 
This  equilibrium  between  heat  and  mass  transfer  rates  can  be  expressed  as 
follows: 


dw 


(1) 


where 


.J?  =  drying  rate,  pounds  of  water  per  hour, 
dQ 
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At  »  total  heat  transfer  coefficient,  Btu  per  (hour)   (square  foot)  (Fahrenheit 

degree) . 

A  =  area  of  heat  transfer  and  evaporation,  square  feet. 
X  =  latent  heat  of  evaporation  at  ts,'  Btu  per  pound. 

&g  =  mass  transfer  coefficient,  pounds  per  (hour)  (square  foot)  (atmosphere). 
Ai  =  (ia  —  ti)  SB  temperature  difference  between  air  and  surface  of  evaporation, 

Fahrenheit  degrees. 
ia  =  air  temperature,  Fahrenheit. 

ta  =  temperature  of  surface  of  evaporation,  Fahrenheit. 
&p  -  (ps  —  pa)  —  vapor  pressure  difference,  atmospheres. 
.  PB  =  vapor  pressure  of  water  at  ta,  atmospheres. 
p2  —  partial  pressure  of  water  vapor  in  air,  atmospheres. 

When  ht  =  he,  the  coefficient  of  heat  transfer  by  convection  only,  then 
ts  under  equilibrium  conditions  becomes  tw,  the  wet-bulb  temperature  of 
the  air,  and  pfi  is  the  vapor  pressure  at  this  temperature.  If  heat  is  also 
supplied  by  radiation,  then  ht  is  the  sum  (h0  +  hr)  where  hr  is  the  radia- 
tion coefficient  and  hc  is  the  convection  coefficient,  and  ta  becomes  higher 
than  the  wet-bulb  temperature.  A  similar  result  occurs  when  heat  reaches 
the  surface  of  evaporation  by  convection  and  conduction.  When  the 
surface  is  at  the  wet-bulb  temperature,  the  value  of  Ap  in  millimeters  of 
mercury,  is  almost  exactly  one-half  the  wet-bulb  depression  (ta  —  tw), 
in  Centigrade  degrees. 

Effect  of  Air  Velocity.  The  principal  effect  of  air  velocity  is  on  he  and 
kg,  since  the  rate  of  transfer  of  heat  and  mass  in  the  constant-rate  period 
depends  mainly  on  the  rate  of  diffusion  of  heat  and  vapor  through  the  air 
film  at  the  surface  of  the  solid,  and  air  velocity  is  the  chief  factor  affecting 
the  thickness  of  this  film.  The  influence  of  air  velocity  may  be  expressed 
by  the  following  relationship:3 

Ac  =  0.0128  O8     ;       •       ,       ,  (2) 

where 

Ac  =  convection  heat  transfer  coefficient ,  Btu  per  (hour)  (square  foot)  (Fahren- 
heit degree). 
G  =  mass  velocity  of  dry  air,  pounds  per  (hour)  (square  foot). 

For  estimating  the  constant  rate  in  drying  from  plane  surfaces  with 
air  flow  parallel  to  the  surface  of  evaporation  and  with  no  radiation  or 
conduction  effects^  the  following  heat  transfer  expression  can  be  used: 

dw  __  O.Q128ffl-y. 

_ _. ^a  _  ^  (3) 

where 

tw  =  wet-bulb  temperature  of  the  drying  air,  Fahrenheit  degrees. 

Heat  transfer  coefficients,  rather,  than  mass  transfer,  coefficients,  should 
be  used  to  estimate  drying  rates,  because  heat  transfer  coefficients  are 
generally  more  reliable,  and,  unless  the  temperature  of  the  drying  surface 
is  measured,  it  must  be  calculated  from  heat  transfer  considerations  before 
mass  transfer  coefficients  can  be  applied  for  drying-rate  predictions.  The 
assumption^  that  the  surface  of  drying  is  at  the  wet-bulb  temperature 
of  the  air,  introduces  a  more  serious  error  in  the  computation  of  mass 
transfer  than  of  heat  transfer. 

Determination  of  True  Surface  Temperature.  Frequently,  radiation  and 
conduction  are  of  sufficient  magnitude  to  cause  the  temperature  of  evap- 
oration to  exceed  the  wet-bulb  temperature  of  the  air.  When  this  occurs, 
it  is  necessary  to  estimate  the  true  surface  temperature  in  order  to  calculate 
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the  constant  rate.  This  may  be  done  by  means  of  a  heat  balance  equating 
the  total  heat  transferred  by  convection,  conduction,  and  radiation  to  the 
latent  heat  of  evaporation. 

Constant-Rate  Period  in  Through-Circulation  Drying,  The  equation  for 
estimating  the  rate  of  evaporation  when  air  flows  across  a  free  water  surface 
must  be  modified  for  the  case  of  air-flow  through  a  permeable  bed  of  solids. 
The  constant  rate  in  through-circulation  drying  depends  on  the  air  rate, 
air  temperature,  air  humidity,  size  of  the  particles  making  up  the  permeable 
bed,  and  physical  characteristics  of  these  particles.4 
^  The  following  general  expression  for  the  constant  rate  in  through-circula- 
tion drying  for  the  system  water  and  air,  was  developed5  from  experiments 
on  the  rate  of  evaporation  of  water  from  the  surface  of  wet  spheres  and 
cylindrical  particles  with  through-circulation  of  air: 


(4) 

where 

dW 

-rr~  =  constant  rate,  pounds  of  water  per  (hour)  (pound  of  dry  stock). 

a  =  drying  area,  square  feet  per  cubic  foot  of  bed  volume. 
G  —  superficial  mass  velocity,  pounds  of  dry  air  per  (hour)  (square  foot) . 
A£fm  =  logarithmic  mean  of  inlet  and  outlet  humidity  driving  force  across  the 
air  film  adjacent  to  the  particle  through  which  the  water  vapor  diffuses, 
pounds  per  pound  (the  surface  humidity  is  taken  as  the  humidity  corres- 
ponding to  the  wet-bulb  temperature  of  the  drying  air) . 
p8  =  bulk  density  of  dry  granular  bed,  pounds  per  cubic  foot. 
DP  =  average  diameter  of  particle,  feet. 
Atjn  =3  logarithmic  mean  difference  between  temperature  entering  and  leaving  the 

bed  and  the  wet-bulb  temperature,  Fahrenheit  degrees. 
CB  —  humid  heat,  Btu  per  (pound  of  dry  air)  (Fahrenheit  degree). 
X  =  latent  heat  of  evaporation,  Btu  per  pound. 

Equation  4  applies  when  the  Reynolds  number  Dp6/n  is  greater  than 
300,  where  ju  is  the  viscosity  of  the  air  stream.  For  values  less  than  300, 
a  modification  of  Equation  4  has  been  presented.6 

Evaporation  from  Liquid  Drops.  For  the  important  problem  of  spray 
drying,  evaporation  rates  of  liquid  drops  must  be  estimated.  Below  a 
value  of  Reynolds  number  (DpO/n)  of  10  for  spherical  particles,  the  heat 
transfer  coefficient  across  the  gas  film  surrounding  the  drop  is  given  by: 

h  «  —  (5) 

where 

h  ~  film  heat  transfer  coefficient,  Btu  per  (hour)  (square  foot)  (Fahrenheit  de- 
gree). 

fcf  «  thermal  conductivity  of  gas  film,  Btu  per  (hour)  (square  foot)  (Fahrenheit 
degree  per  foot). 

Equation  5  is  applicable  when  the  Reynolds  number  for  liquid  drops 
is  less  than  10.  Drop  diameters  are  almost  always  less  than  500  microns, 
and  usually  in  the  range  of  20  to  150  microns. 

The  rate  of  evaporation  of  drops  may  be  expressed  in  terms  ^of  heat 
transfer  or  mass  transfer.  In  terms  of  heat  transfer,  the  evaporation  rate 
is  given  by  the  equation: 
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*•_**££(,._,,)  (6) 

de         x 


—  =  evaporation  rate,  pounds  per  hour. 
ad 

A  similar  expression  based  on  mass  transfer  is: 

dw      2*Md,Dp,  ,  ,„ 

*—&-<»-»>  (7) 

where 

M  =  molecular  weight  of  the  diffusing  vapor. 
dv  =*  diffusivity  of  the  vapor,  square  feet  per  hour. 
T  =  absolute  temperature  of  the  gas,  Fahrenheit  degrees. 
R  »  gas  constant,  (cubic  feet)  (atmosphere)  per  (Fahrenheit  degree). 
pz  «  vapor  pressure  at  the  particle  surface  corresponding  to  the  liquid  tempera- 

ture, atmospheres. 
pa  —  vapor  pressure  of  liquid  in  the  drying  medium,  atmospheres. 

Both  Equations  6  and  7  are  based  on  the  assumption  that  Equation  5 
applies.  If  Equation  6  is  integrated  for  a  constant  drop  diameter  (i.e., 
if  it  is  assumed  that  the  solid  being  dried  in  the  liquid  drop  creates  a  struc- 
ture which  becomes  rigid  at  a  fixed  Dp)  and  evaporation  proceeds  as  from 
a  pure  liquid  drop,  an  expression  for  the  time  of  evaporation  is  obtained 
as  follows: 


where 

6  «  time,  hours. 

17  «  water  content  of  the  drop  as  it  enters  the  drying  chamber,  pounds  per  pound. 
pa  =  density  of  dry  particle,  pounds  per  cubic  foot. 

The  temperature  difference  between  drop  and  gas  (ta  —  4)  is  essentially 
constant  for  a  single  drop  evaporating  in  a  large  mass  of  gas.  However, 
in  spray  dryers  this  is  not  true,  and  an  overall  average  temperature  differ-. 
ence  must  be  used  in  Equation  8  in  this  case. 

When  the  drop  diameter  varies  as  evaporation  proceeds,  the  expression 
for  the  time  of  evaporation  becomes 


-  W 
where 

PL  »  density  of  the  evaporating  liquid,  pounds  per  cubic  foot. 
Dpi  =  drop  diameter  at  the  start  of  evaporation,  feet. 
Z)P2  =  drop  diameter  of  dry  particle,  feet. 

Equation  9  assumes  that  the  drop  density  is  essentially  that  of  the  liquid. 

Drying  at  Air  Temperatures  above  the  Boiling  Point  of  the  Liquid.  When 
the  temperature  of  the  drying  air  is  maintained  above  the  boiling  point  of 
the  liquid  being  evaporated,  or  when  superheated  vapors  are  used  for 
drying,  the  usual  equations  for  mass  transfer  expressing  rate  of  evaporation 
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as  a  function  of  the  vapor  pressure  difference  lose  significance,  since  large 
errors  are  introduced  in  the  expression  for  vapor  pressure  driving  force 
due  to  its  apparently  small  value.  Such  cases  can  be  treated  conven- 
iently on  a  basis  of  heat  transfer,  since  a  temperature  difference  must 
always  exist  in  order  for  drying  to  proceed.  At  drying  temperature 
above  260  F,  recirculation  has  no  retarding  effect  on  the  drying  process. 

Constant-Rate  Period  when  Heat  Transfer  Depends  on  Conduction  and 
Radiation.  In  indirect  drying,  where  heat  transfer  and  drying  do  not 
depend  on  the  flow  of  heated  gases,  the  drying  rate  depends  either  on  heat 
conduction  through  retaining  walls  to  wet  material  in  contact  with  such  sur- 
faces, or  on  radiation,  or  both.  This  applies  to  drum  dryers,  agitated  pan 
dryers,  indirect  continuous  sheeting  dryers,  steam  tube  rotary  dryers, 
vacuum  rotary  and  vacuum  tray  dryers,  and  infra-red  dryers. 

A  principal  difference  between  indirect  drying  and  direct  drying  is  that, 
with  the  former,  the  material  is  usually  at  a  higher  temperature  than  the 
surrounding  air,  so  that  heat  is  actually  transferred  to  the  air  instead  of 
from  the  air. 

Generally,  the  individual  heat  transfer  coefficients  for  indirect  dryers 
are  difficult  to  determine  or  estimate,  and  therefore,  an  overall  coefficient, 
as  defined  by  Equation  10  is  generally  used: 

q  «  UA  («h  -    *.)  (10) 

where 

•     q  «  rate  of  heat  transfer,  Btu  per  hour. 

U  =  overall  heat  transfer  coefficient  based  on  the  temperature  difference  between 
the  heating  medium  and  the  product,  Btu  per  (hour)  (square  foot)  (Fahren- 
heit degree). 

tb  =  temperature  of  the  heating  medium,  Fahrenheit  degrees. 
t&  =  temperature  of  the  solid,  Fahrenheit  degrees. 

The  overall  coefficient  is  a  function  of  dryer  type.  Thus,  in  agitated 
pan  dryers,  U  depends  on  the  degree  of  agitation,  temperature  of  the  sur- 
face, physical  properties  of  the  wet  material,  etc.,  and  will  sometimes  vary 
throughout  a  drying  cycle  as  the  physical  properties  of  the  solid  vary  with 
a  changing  moisture  content. 

As  long  as  U  and  the  temperature  difference  in  Equation  10  remain 
constant,  a  constant  drying  rate  will  be  maintained.  However,  as  drying 
proceeds  the  material  temperature  will  begin  to  increase  after  some  critical 
moisture  content  is  reached,  and,  as  in  the  case  of  direct  dryers,  a  falling- 
rate  period  is  encountered.  U  is  frequently  defined,  for  the  entire  drying 
period,  on  the  basis  of  an  overall  mean  temperature  difference.  There- 
fore, 

q  «  Z74(A0m  ,  (11) 

The  Falling-Rate  Period.  In  the  discussion  of  the  periods  of  drying,  it 
was  shown  that  the  drying  process  is  discontinuous,  consisting  of  a  period 
of  a  constant  rate  of  evaporation  and  a  period  in  which  the  rate  contin- 
uously decreases  (See  Figs.  3  and  4).  This  latter  period  is  usually 
designated  as  the  falling-rate  period.  It  begins  when  the  constant-rate 
period  ends  at  the  critical  moisture  content.  If  the  critical  moisture  con-, 
tent  is  less  than  the  required  final  moisture  content,  the  constant-rate 
period  will  constitute  the  whole  of  the  drying  process.  On  the  other  hand, 
if  the  initial  moisture  content  is  less  than  the  critical  moisture  content,  as 
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in  the  case  of  some  slow-drying  materials,  such  as  soap  and  wood,  then  no 
constant  rate  win  appear,  and  the  whole  of  the  drying  process  will  be  in  the 
falling-rate  period.  This  period,  in  the  most  general  case,  can  be  divided 
into  two  zones  which  may  be  termed:  (1)  the  zone  of  unsaturated  surface 
drying,  and  (2)  the  zone  where  internal  liquid  flow  controls. 

The  zone  of  unsaturated  surface  drying  follows  immediately  after  the 
critical  point  and  results  from  a  progressively  decreasing  wetted  surface. 
With  the  surface  no  longer  completely  wetted,  dry  portions  of  the  solid 
protrude  into  the  air  film,  so  that  the  rate  of  evaporation  per  unit  of  total 
surface  is  reduced.  The  effective  wetted  surface  in  this  zone  is  frequently 
a  linear  function  of  the  water  content,  so  that  the  curve  representing  rate 
of  drying  vs.  water  content  of  the  solid  is  straight  in  this  region,  as  shown 
by  line  AD  in  Fig.  3.  The  mechanism  of  drying  is  essentially  the  same  as 
during  the  constant-rate  period. 

The  zone  where  internal  liquid  flow  is  in  control,  is  usually  the  second 
zone  of  the  falling-rate  period.  In  this  phase  the  rate  of  internal  liquid 
movement  controls  the  drying  rate,  and  in  drying  to  low  moisture  contents, 
this  period  may  be  the  principal  factor  determining  the  drying  time. 

Studies  of  internal  moisture  flow  have  indicated  the  possibility  of  several 
controlling  mechanisms,  the  more  significant  ones  having  been  postulated 
previously  as  diffusion,  capillarity  and  pressure  gradients  due  to  shrinkage. 
Of  these  mechanisms,  internal  moisture  movement  by  diffusion  has  been 
treated  extensively,  while  capillary  flow  and  flow  caused  by  shrinkage  and 
pressure  gradients,  have  received  only  preliminary  consideration. 

When  diffusion  does  control  in  the  falling-rate  period,  it  obeys  the  same 
fundamental  laws  of  diffusion  as  those  applying  to  the  diffusion  of  heat. 
On  this  basis,  the  integrated  diffusion  equation  for  the  falling-rate  period 
(for  the  case  where  the  surface  is  dry  or  at  its  equilibrium  moisture  content 
and  the  solid  has  a  uniform  initial  moisture  distribution)  expresses  the 
average  moisture  content  as  a  function  of  time  as  follows: 

TP  -  TF.      8  f  •      1        '        t       1  *  1 

Z  „  —  I    g-fdCtf/ZZ.)3  _1_  -  g-9»d(W2Z,)s  J -L.  e~250d(*72Z,)s  _L.  .  .  .  (l<y\ 

W.-W.     **(_  ^9  25  ^       J 

where 

W,  W0,  W»  «  the  moisture  contents,  on  a  dry  basis,  at  any  time  0;  at  d  =*  0,  the 
start  of  the  diffusional  flow  period;  and  in  equilibrium  with  the 
external  conditions,  respectively,  pounds  of  water  per  pound  of 
dry  solid. 

d  —  the  liquid  diffusivity,  square  feet  per  hour. 

L  ~  one-half  the  thickness  of  the  solid  layer  through  which  the  liquid  is 
diffusing,  feet. 

In  Equation  12  it  is  assumed  that  evaporation  is  occurring  from  two 
opposite  faces  of  the  solid.  When  evaporation  occurs  from  only  one 
surface,  substitute  the  total  thickness  of  the  solid  layer  for  L  in  Equation 
12. 

Equation  12  is  based  on  the  assumption  that  d  is  constant.  However, 
this  is  rarely  true,  and  d  has  been  shown  to  vary  with  moisture  content, 
temperature  and  humidity.7 

When  the  time  becomes  large,  a  limiting  form  of  Equation  12  is  obtained 
as  follows: 
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From  Equation  13  an  expression  for  the  rate  of  drying  may  be  derived  to 
give 

f-gor-w 

where  dW/de  =  drying  rate,  pounds  per  (hour)  (pound  dry  material). 

Equation  14  states  that  the  rate  of  drying,  when  internal  diffusion  con- 
trols for  long  times,  is  directly  proportional  to  the  free  moisture  content 
(W  —  WQ),  the  liquid  diffusivity  d,  and  that  the  time  of  drying  varies  as 
the  square  of  the  material  thickness.  However,  Equation  14  holds  only 
when  (W  -  TFe)/(TF0  -  W*)  <0.6.  When  this  ratio  exceeds  0.6,  the 
curve  of  drying  rate  vs.  moisture  content  is  concave  upward. 

Equations  12,  13,  and  14  hold  only  for  a  slab-shaped  solid,  the  length 
of  which  is  large  compared  with  its  thickness. 

The  falling  rate  frequently  can  be  expressed  with  fair  accuracy  over  the 
required  range  of  moisture  content  by  an  equation  similar  to  Equation  14: 


TO  (15) 

where  K  is  a  function  of  the  constant  rate  as  follows  : 

_   yw/de). 
K-~W^Wl)  (m 

where 

(dW/dd)c  =  the  constant  drying  rate;  pounds  per  (hour)  (pound  dry  material). 
Wc  =  the  critical  moisture  content,  pounds  per  pound  dry  material. 

Substituting  in  Equation  16  the  proper  expression  for  (dW  /dff)c  the  value 
of  K  becomes: 


and  hence  the  falling  rate  for  this  case  is  given  by: 

ht(t&  - 


•  (18) 

For  materials  obeying  Equation  18,  the  drying  time  varies  directly  ^  as 
the  thickness.  When  the  surface  temperature  in  the  constant-rate  period 
is  at  the  wet-bulb  temperature,  tw  can  be  substituted  for  £,  and 
0.0128  G°-8  can  be  substituted  for  ht  in  Equations  17  and  18. 

The  drying  time  for  each  case  of  the  falling-rate  period  may  be  obtained 
by  integration  of  Equations  14  and  18,  respectively,  to  give: 

1.  Diffusion  law: 

A  T  •)  /  TJ7  777   \ 

(19) 


2.  Proportional-to-thiekness  law: 

PsLX(PFo  - 
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Table  1  gives  an  approximate  classification  of  materials  which  are  most 
likely  to  obey  Equations  19  and  20. 

Equations  18  and  20  hold  for  cross-circulation  drying.  When  through- 
circulation  drying  is  involved,  the  appropriate  constant-rate  expression 
given  by  Equation  4  must  be  used  to  determine  K  in  Equation  16.  Thus, 
for  through-circulation  drying  in  the  falling-rate  period  when  Equation  15 
holds,  the  rate  is  given  by: 


idW\ 
\dB  )t~ 


(W- 


(21) 


where  the  symbols  have  been  defined  for  Equations  4, 12,  and  16. 

Critical  Moisture  Content.  In,  order  to  use  the  above  equations  for 
estimating  the  drying  time  in  the  falling-rate  period,  it  is  necessary  to  know 
values  of  the  critical  moisture  content.  Such  values  are  usually  difficult 


TABLE  1.    APPEOXIMATE  CLASSIFICATION  OP  MATERIALS  MOST  LIKELY  TO  OBEY 

EQUATIONS  19  AND  20 


MATEBIALS  OBEYING  EQUATION  19 


MATERIALS  OBEYING  EQUATION  20 


1.  Singe-phase    solid    systems   such   as 

soap,  gelatin,  glue. 

2.  Wood  and  similar  solids  below  the  fiber 

saturation  point. 

3.  Last  stages  of  drying  starches,  textiles, 

paper,  clay,  hydrophilic  solids,  and 
other  materials  when  bound  water  is 
being  removed. 


1.  Coarse  granular  solids,  such  as  sand, 

paint  pigments,  minerals,  etc. 

2.  Materials  in  which  moisture  flow  occurs 

at  concentrations  above  the  equi- 
librium moisture  content  at  atmos- 
pheric saturation,  or  above  the  fiber 
saturation  point. 


to  obtain  without  making  actual  drying  tests  which,  in  themselves,  would 
give  the  required  drying  time  and  thereby  obviate  the  necessity  of  the 
calculations. 

It  appears  that  the  constant-rate  period  ends  when  the  moisture  content 
at  the  surface  reaches  some  specific  value.  If  the  rate  of  drying  is  great, 
the  moisture  gradients  within  the  solid  will  be  steep  and  the  average 
moisture  content  considerably  greater  than  that  at  the  surface.  It  is  for 
this  reason  that  the  critical  moisture  content  (average  through  the  ma- 
terial) increases  with  increase  in  rate  of  drying  and  with  an  increase  in 
thickness  of  the  layer  being  dried. 

Approximate  Equations  for  Estimating  Drying  Time 

An  estimate  of  the  overall  drying  time  for  a  given  drying  problem 
usually  involves  an  estimate  of  the  time  required  for  the  constant-rate 
period,  plus  an  estimate  of  the  time  for  the  falling-rate  period.  An  ap- 
proximate equation  for  the  overall  drying  time  applicable  to  the  cross- 
circulation  drying  of  materials  of  the  type  listed  in  Table  1  as  obeying 
Equation  20  may  be  written  as  follows: 


(JF0 


,  p8LAOF0  -  JFe)  _       TFo  -  W« 

-\ ; — ]/)nr __ 

7it(<a  -  „)         ^  W-W, 


nr.-Kr.         r.  -  TT,"} 

|_ir. -IF. +    S°W-W«] 


(22) 
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where 

B   "      B     fcttt/-    W    *      ~   K* 

6t  =*  total  drying  time,  hours. 

0C  =  drying  time  for  constant-rate  period,  hours. 

0f  =  drying  time  for  falling-rate  period,  hours. 
Wo  =  initial  moisture  content,  pounds  per  pound  of  dry  solid. 
Wc  =  critical  moisture  content,  pounds  per  pound  of  dry  solid. 
We  -  equilibrium  moisture  content,  pounds  per  pound  of  dry  sold. 

W  —  moisture  content  at  time  0t,  pounds  per  pound  of  material. 

fet~=  total  overall.heat  transfer  coefficient  Btu  per  (hour)  (square  foot)  (Fahren- 
heit degree). 

ta,  =  air  temperature,  Fahrenheit  degrees, 
k  =  temperature  of  surface  of  material,  Fahrenheit  degrees. 
L  «  depth  of  material  in  tray,  feet. 
X  =  latent  heat  of  evaporation  at  ta,  Btu  per  pound. 
PB  »  density  of  dry  solid,  pounds  per  cubic  foot. 

Equation  22  will  apply  to  those  materials  satisfying  Equation  20  when 
drying  to  very  low  moisture  contents  is  not  involved. 

For  through-circulation  drying^  an  expression  similar  to  Equation  22 
is  obtained.  Thus,  the  total  drying  time  for  through-circulation  drying 
is  given  by 

„     v,[w°-~w*    ,     w0-wi] 

°***B  \  w ^7  +  tog*  ™ — ™  (23) 


.  0/      2.7p.XZ>p^OFd  -  We) 

where        B'  =  — 


The  drying  times  estimated  from  Equations  22  and  23  apply  only  to 
cross-circulation  drying  and  through-circulation  drying,  respectively. 
Drying  times  for  otlier  methods,  such  as  rotary  drying  or  drum  drying, 
must  be  estimated  by  other  methods. 

Equilibrium  Moisture  Content 

In  the  drying  of  solids  it  is  important  to  distinguish  between  hygroscopic 
and  non-hygroscopic  materials.  A  hygroscopic  material  is  one  which 
retains  a  definite  percentage  of  moisture  under  definite  conditions  of  air 
humidity.  This  bound  moisture  is  in  a  state  of  equilibrium  with  the  water 
vapor  in  the  surrounding  air,  and  a  decrease  in  the  water  vapor  content  will 
decrease  the  amount  of  equilibrium  bound  water.  Water  so  retained 
by  a  solid  in  equilibrium  with  the  humidity  of  the  surrounding  air,  is 
designated  as  the  equilibrium  moisture  content.  Such  moisture  may  be  held 
as  adsorbed  surface  films  or  condensed  in  fine  capillary  structures  at 
reduced  vapor  pressure. 

The  equilibrium  moisture  content  varies  with  the  temperature  and 
humidity  of  the  surrounding  air.  Consequently,  any  correlation  of  equili- 
brium moisture  content  should  take  these  two  factors  into  account.  How- 
ever, at  low  temperatures,  e.g.,  60  to  120  F,  a  plot  of  equilibrium  moisture 
content  vs.  per  cent  relative  humidity,  expressed  as  100  (p/ps),  is  essentially 
independent  of  temperature.  Such  a  plot  usually  results  in  a  curve  of 
double  curvature  with  a  point  of  inflection  (see  Fig.  5). 

The  equilibrium  moisture  content  at  a  given  relative  humidity  is  not 
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independent  of  temperature  for  all  temperature  ranges.  As  the  tempera- 
ture increases  at  a  given  relative  humidity,  the  equilibrium  moisture  con- 
tent tends  to  decrease.  A  limiting  condition  exists  when  temperatures 
above  the  boiling  point  of  the  adsorbed  liquid  are  encountered.  In  such 
cases,  relative  humidity  loses  its  significance  with  regard  to  equilibrium 
moisture  content,  and  complete  dryness  of  most  hygroscopic  materials  is 
possible,  even  when  a  large  amount  of  vapor  exists  in  the  atmosphere. 
This  makes  possible  drying  by  means  of  superheated  vapors. 

In  the  special  case  of  the  dehydration  of  hydrated  inorganic  salts,  such 
as  copper  sulfate,  sodium  sulfate,  and  barium  chloride,  temperature  and 
humidity  are  very  important  in  obtaining  the  desired  degree  of  dehydra- 
tion. Thus,  in  the  drying  of  wet  salt  crystals  to  obtain  a  product  with  the 
maximum  number  of  molecules  of  hydrate  water,  it  is  necessary  to  dry 
under  closely  controlled  conditions  of  air  temperature  and  humidity. 
Generally,  the  temperature  is  low  and  the  humidity  is  high. 

The  equilibrium  moisture  content  of  a  hygroscopic  material  may  be 
determined  in  a  number  of  ways.  The  requirement  for  any  method  is  a 
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source  of  constant  humidity  and  constant  temperature  air  into  which  the 
sample  may  be  placed.  The  determination  may  be  made  under  either 
static  or  dynamic  conditions,  the  latter  being  preferred  if  the  data  are  to 
be  used  for  drying  calculations. 

Probably  the  simplest  static  procedure  is  to  place  a  series  of  samples  in 
ordinary  laboratory  desiccators  over  sulfuric  acid  solutions  of  known 
concentration,  which  thereby  produce  atmospheres  of  known  relative 
humidity.  The  sample  in  each  desiccator  is  weighed  periodically  until  a 
constant  weight  is  obtained.  The  moisture  content  at  this  final  weight 
represents  ^  the  equilibrium  moisture  content  for  the  particular  relative 
humidity  involved.  The  value  of  equilibrium"  moisture  content  so  ob- 
tained will  depend  on  whether  it  is  reached  by  losing  moisture,  as  in  drying, 
or  by  gaining  it;  i.e.,  whether  the  sample  is  at  a  moisture  content  higher  or 
lower  than  the  equilibrium  value.  The  equilibrium  moisture  content 
reached  by  losing  moisture,  i.e.,  by  drying,  is  generally  higher  than  that 
reached  when  moisture  is  adsorbed,  as  shown  in  Fig.  5. 

The  equilibrium  moisture  content  of  a  solid  has  particular  significance 
in  drying  because  it  represents  a  limiting  final  moisture  content  for  specific 
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conditions  of  air  humidity  and  temperature.  Drying  costs  can  be  un- 
necessarily high  if  a  material  is  dried  to  a  moisture  content  less  than  that 
which  it  normally  possesses  in  equilibrium  with  atmospheric  air.  For 
example,  if  a  dryer  dries  a  material  to  1  per  cent  final  moisture,  and  on 
standing  under  normal  atmospheric  humidities  it  regains  moisture  to  5 
per  cent,  the  material  is  considered  to  be  overdried,  so  that  probably  the 
dryer  would  be  capable  of  a  considerably  higher  capacity  and  efficiency 
with  a  5  per  cent  final  moisture  content. 

Applications  of  Hygrometry  to  Drying 

Drying  of  a  solid  by  hot  air  or  hot  gases  may  be  divided  into  two  proc- 
esses: (1)  transfer  of  heat  to  evaporate  the  water,  and  (2)  removal  of  the 
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vapor  by  the  air  or  gas  stream.  Likewise,  two  processes  are  involved  in 
the  design  and  operation  of  direct  dryers:  (1)  the  estimation  of  the  drying 
rate  or  drying  time,  and  the  effect  of  the  external  variables  on  the  drying 
rate,  and  (2)  the  calculation  of  the  heat  and  air  quantities  required.  The 
first  estimates  concerning  drying  time  have  been  considered  in  the  first 
part  of  this  chapter.  The  second  calculations  are  based  on  the  use  of  the 
.  psychrometric  chart,  Fig.  6. 

,  In  drying,  the  humidity  chart  finds  its  greatest  utility  in  analyzing  the 
operation  of  existing  dryers,  in  making  design  calculations,  and  in  checking 
calculations  of  air  quantities.  It  is  equally  useful  in  interpreting  the 
humidity-temperature  relations  within  the  dryer.  The  adiabatic  cooling 
lines  on  the  humidity  chart  indicate  the  relation  between  the  temperature 
and  the  humidity  which  are  present  in  air  passing  through  an  adiabatic 
dryer;  i.e.,  one  in  which  all  of  the  sensible  heat  given  up  by  the  air  in  cool- 
ing is  used  to  evaporate  water  from  the  wet  stock.  Referring  to  the  section 
of  the  humidity  chart  shown  in  Fig,  7,  where  AB  is  one  adiabatic  satura- 
tion line,  it  follows  that  air  entering  an  adiabatic  dryer  at  temperature  ti 


948 


CHAPTER  46 


19SO  Guide 


and  a  humidity  Hi  will  cool  following  this  cooling  line  toward  the  point  A. 
Air  leaving  with  a  humidity  B^  will  consequently  have  cooled  to  t2,  the 
wet-bulb  temperature  of  the  air  throughout  the  dryer  being  tw.  When 
heat  is  lost  to  the  surroundings,  the  operation  is  somewhat  lower  than  ta, 
so  that  the  actual  humidity-temperature  relation  is  represented  by  the 
line  Bb,  having  less  slope  than  the  adiabatic  saturation  line.  The  ratio 
(ti  —  t2)/(ti  —  ts)  then  gives  a  measure  of  the  evaporative  efficiency  of  the 
dryer.  For  the  case  of  dryers  containing  steam  coils  maintained  at  a  con- 
stant temperature,  the  humidity-temperature  relation  is  obviously  repre- 
sented by  the  vertical  line  Be,  assuming  the  initial  and  final  humidities  to 
be  Hi  and  H2  as  before.  The  heat  supplied  within  the  dryer  itself  is 
usually  less,  but  may  be  greater,  than  the  total  hedt  requirements  of  the 
dryer.  If  less,  the  cooling  is  indicated  by  some  such  line  as  Bd,  and  if 
greater,  by  a  line  such  as  Be  having  a  positive  slope. 


iw  t3 

TEMPERATURE: 
FIG.  7.  HUMIDITY-TEMPERATURE  RELATIONS  IN  DRYERS* 

DRYER  CALCULATIONS 

As  shown  in  the  foregoing  part  of  this  chapter  calculations  for  drying 
during  the  constant-rate  period  are  different  from  those  applying  to  the 
falling-rate  period,  and  in  contrast  are  subject  to  relatively  simple  mathe- 
matical analysis. 

The  constant  rate  of  drying  by  convection  is  directly  proportional  to  the 
temperature  difference  between  air  and  wet  solid,  and  also  proportional  to 
the  0,8  power  of  the  air  velocity  as  shown  by  Equation  3.  Usually  the  wet 
surface  is  assumed  to  attain  the  wet-bulb  temperature  of  the  air  passing 
over  'it,  and  evaporation  takes  place  at  a  constant  rate  under  equilibrium 
conditions.  This  is  a  conservative  assumption,  however,  and  when  con- 
duction and  radiation  effects  occur,  the  constant  rate  may  be  increased  by 
*30  to  60  per  cent  over  that  for  pure  convection. 

_  Figure  8  permits  a  ready  estimate  of  the  constant  drying  rate  for  various 
air  temperatures  and  humidities*  The  chart  is  based  on  the  difference 
;  between  the  dry-bulb  and  wet-bulb  temperatures  of  the  entering  stream  of 
air,  and  on  an  air  velocity  of  300  fpm.  It  may  be  assumed  satisfactory  for 
.tray  drying  of  any  material  in  the  constant-rate  drying  period.  It  does 
not  apply  to  rotary  or  through-circulation  drying. 

A  curve  for  correcting  the  air  velocity  in  any  given  problem  is  incor- 
porated in  Fig.  8.  This  curve  is  based  on  the  variation  of  drying  rate  with 
tihe  0.8  power  of  the  velocity,  as  given  by  Equation  3. 
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The  use  of  Fig.  8  in  practical  drying  problems  is  as  follows:  Since  the 
drying  conditions  of  temperature  and  relative  humidity  are  fixed,  the 
corresponding  absolute  drying  rate  is  read  from  Fig.  8.  This  value  is 
then  multiplied  by  the  correction  factor  corresponding  to  the  air  velocity 
employed.  The  rate  so  obtained,  however,  does  not  include  any  effects 
of  radiation  or  of  conduction  through  unwetted  surfaces.  These  effects 
tend  to  increase  the  rate  of  evaporation  so  that  the  chart  is  conservative,3 

It  has  been  Demonstrated  empirically  for  certain  materials  that  the  rate 
of  drying  during  the  falling-rate  period  is  approximately  proportional  to 
the  free  water  content  of  the  material.  Actual  calculations  of  drying  time 
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during  the  falling-rate  period  for  this  case  require  only  a  knowledge  of  the 
critical  moisture  content  and  the  constant  rate.  For  other  cases  of  the 
falling-rate  period,  calculations  are  not  feasible.  Consequently,  it  is  best 
to  determine  drying  times  for  design  purposes  by  means  of  pilot  tests. 
However,  when  tests  are  not  feasible,  drying  times  may  often  be  estimated 
approximately  from  Equations  22  and  23. 

The  following  nomenclature  will  be  used  in  the  discussion  of  design  cal- 
culations: 

H  =  humidity  ratio  of  air,  pounds  of  water  vapor  per  pound  of  dry  air. 

TV  a  «  pounds  of  dry  air  supplied  to  the  dryer  per  unit  of  time. 

5  =  pounds  of  stock  dried  per  unit  of  time  in  a  continuous  dryer. 
£'  =  pounds  of  stock  charged  per  batch  to  a  discontinuous  dryer. 

6  =  time,  hours. 

Q  =*  total  heat  supplied  to  the  dryer,  Btu. 
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t  =  air  'temperature,  Fahrenheit  degrees. 
£'  ==  stock  temperature,  Fahrenheit  degrees. 
t"  =  average  stock  temperature  over  short  time  Interval,  in  a  batch  dryer,  Fahr- 

enheit degrees. 

tw  =  wet-bulb  temperature,  Fahrenheit  degrees. 
si  =  specific  heat  of  the  stock,  Btu  per  pound. 
Qrc  =  total  radiation  and  conduction  losses,  Btu  per  hour. 
W  —  pounds  of  water  per  pound  of  dry  stock. 
X  —  heat  of  evaporation  of  water,  Btu  per  pound. 

ca  =  humid  heat  of  air,  i.e.,  heat  necessary  to  raise  1  lb  of  dry  air  -f-  H  Ib  of  steam 
1  F  deg. 

Subscript  (1)  designates  conditions  at  the  point  where  the  material  in  question  (air 
or  stock)  enters,  and  (2)  where  it  leaves  the  dryer. 

Air  dryers  may  be  divided  into  two  classes,  batch  and  continuous. 

In  any  continuously  operating  dryer,  the  relation  between  moisture 
content  of  the  stock  and  quantity  of  air  required  for  the  drying  operation 
is  given  by  the  equation: 

Na  (H,  -  #0  »  S(JV  i  -  W*)  (24) 

where  Hi  is  constant. 

In  discontinuous  dryers,  the  drying  operation  is  given  by  the  equation  : 

tf.Cft-ir,)-^'^  (25) 

da 

where  Hz  is  a  variable  during  a  portion  of  the  cycle. 

In  the  continuous  dryer,  the  heat  consumption  per  unit  time  is  : 

0»     (26) 


Equation  26  assumes  continuity  of  operation.  For  charge  or  batch 
operations,  the  total  time  of  the  drying  cycle  may  be  broken  up  into  a 
number  of  periods,  sufficiently  short  so  that  over  each  period  average 
values  of  t,  t'  and  H  may  be  employed  provided  the  third  term  of  the 
right  hand  member  of  the  equation  is  modified  to  read  : 


and  in  the  second  term  t'z  be  replaced  by 


Theoretically  these  periods  should  be  very  short  and  the  equation  inte- 
grated. ^  Practically,  the  error  introduced  by  using  a  small  number  of 
long  periods  and  employing  average  values  of  the  variables  over  each,  is 
not  serious.  The  evaluation  of  Equation  25  may  be  approximated  in  a 
similar  manner. 

The  first  term  of  the  right  hand  member  of  Equation  26  represents  heat 
lost  as  sensible^  heat  in  the  effluent  air.  In  many  drying  operations  this 
becomes  excessive.  Each  pound  of  air  supplied  should  remove  the  maxi- 
mum amount  of  moisture.  This  is  best  accomplished  by  bringing  the  air 
into  contact  with  the  stock  with  sufficient  intimacy  so  that  the  air  leaving 
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the  dryer  is  saturated,  or  nearly  so.  '  Counter-current,  as  against'  parallel, 
flow  of  air  and  stock  gives  rise  to  optimum  operating  conditions,  resulting 
in  a  minimum  quantity  of  air  required  (A^),  and  a  corresponding  minimum 
loss,  as  sensible  heat,  in  the  exit  air.  Similarly,  continuous  operation  Is 
superior  to  intermittent  operation. 

Despite  the  fact  that  the  sensible  heat  loss  increases  with  the  rise  in 
temperature  of  the  air,  the  percentage  of  heat  lost  from  this  source  de- 
creases if  the  increase  in  moisture  carrying  capacity  of  the  air  (due  to 
high  temperature)  is  actually  utilized.  To  secure  maximum  thermal  effi- 
ciency in  drying,  a  high  drying  temperature  and  high  saturation  of  the 
outlet  air  are  imperative. 

The  second  term  of  the  right  member  of  Equation  26  represents  the  latent 
heat  of  evaporation  of  the  water  plus  the  heat  to  raise  this  water  to  the 
temperature  of  evaporation.  The  third  term  of  the  equation  represents 
heat  to  raise  the  temperature  of  the  stock  plus  the  water  which  remains 
unevaporated  in  the  stock, 

The  changes  taking  place  in  the  air  during  the  drying  process  can  be 
illustrated  on  the  skeleton  psychrometric  chart  Fig.  9.  The  case  illus- 
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FIG.  9.  CHANGES  IN  AIR  DURING  DRYING  PROCESS 

trated  is  typical  of  tunnel 'and  rotary  dryers  where  heat  is  applied  to  the 
air  at  one  point  only.  After  the  first  adjustment  stage,  during  which  both 
the  material  and  the  dryer  reach  the  working  temperature,  the  only  heat 
losses  from  the  dryer  are  those  of  radiation  and  conduction  from  the  hous- 
ing, and  these  are  practically  negligible  for  an  insulated  dryer.  Hence, 
the  drying  process  can  be  considered  to  be  adiabatic. 

If  100  per  cent  outside  air  is  used,  the  air  can  be  considered  to  enter  at 
point  A,  Fig.  9  (the  prevailing  outside  air  condition)  and  be  heated  to 
point  B  (the  maximum  permissible  temperature  t^  or  the  temperature 
determined  by  previous  test).  As  the  air  evaporates  moisture,  it  cools 
along  the  constant  wet-bulb  line  BD  to  point  C.  The  difference  between 
the  moisture  content  of  air  at  B  and  at  C  represents  the  moisture  pick  up 
of  the  air.  The  maximum  possible  pick  up  from  B  to  D  is  never  achieved 
in  practical  dryers;  the  actual  pick  up  being  anywhere  from  10  to  75  per 
cent  of  the  maximum. 

In  order  to  conserve  heat  and  to  control  the  wet-bulb  temperature  at 
which  the  drying  takes  place,  recirculation  is  used.  The  process  is  shown 
on  Fig.  9.  The  outside  air  at  A  is  mixed  with  recirculated  air  until  the 
moisture  level  is  raised  to  the  desired  point.  The  mixture  is  represented 
at  point  M,  the  heaters  heat  the  mixture  to  the  desired  dry*bulb  tempera- 
ture tm  at  point  S.  The  moisture  is  picked  up  from  S  to  L.  Point  L  is  the 
condition  at  which  air  is  exhausted. 
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Actual  dryer  operation  is  somewhat  more  complicated  because  even  If 
radiation  and  conduction  losses  are  neglected^  the  wet-bulb  temperature 
of  the  air  remains  constant  only  as  long  as  surface  evaporation  of  water  is 
taking  place.  When  sub-surface  evaporation  is  occurring,  some  heat 
from  the  air  is  used  to  heat  the  material  and  hences  there  is  a  drop  in  wet- 
bulb  temperature.  Fig.  10  illustrates  the  drying  process  in  a  tunnel  dryer 
in  which  the  air  is  flowing  parallel  to  the  product.2 

In  design  calculations  using  Equation  26,  the  following  steps  outline  the 
procedure: 

1.  The  unit  drying  rate,  pounds  of  water  per  hour,  is  determined  from  the  experi- 
mental drying  time  curve  and  the  amount  of  product  to^  be  dried  per  hour.    The 
drying  time  may  also  be  approximated  from  previous  experience* 

2.  The  experimental  data  or  experience  also  determine  the  drying  condition,  i.e., 
point  L  Fig.  9.    This  fixes  H2.    Where  experimental  data  are  lacking  L  may  be 
approximated  from  Hegain  Tables  (see  chapter  Industrial  Air  Conditioning)  since  the 
relationship  between  the  vapor  pressure  in  the  product  and  in  the  air  at  equilibrium 
for  the  desired  final  moisture  content  must  prevail  in  the  dryer.    The  air  temperature 
must  be  not  greater  than  the  maximum  permissible  product  temperature. 
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FIG.  10.  TEMPEBATUBE  AND  MOISTUBE  CONDITIONS  IN  A  TUNNEL  DKYER 
Parallel  Flow  Air  and  Product 

3.  The  rate  of  air  circulation  Namust  be  determined  and  also  the  supply  air  con- 
dition S.  ^In  the  design  of  some  dryers  such  as  rotary  or  tunnel  types,  it  is  customary 
to  determine  S  first  and  then  to  calculate  the  air  rate  Na  .    In  other  types  of  dryers, 
such  as  tray  dryers  or  through  circulation  dryers  where  a  fixed  ai^  velocity  .is  main- 
tained, Na  is  calculated  first  and  then  point  S  is  found.    Because  of  the  many  vari- 
ables involved,  it  is  generally  not  possible  to  select  S  except  on  the  basis  of  past  ex- 
perience or  on  the  basis  of  experimental  drying  tests. 

4.  The  prevailing  outside  air  conditions  establish  point  A  and  hence,  the  line  A  L, 
The  per  cent  of  recirculated  air  can  then  be  calculated. 

5.  The  physical  arrangement  of  the  dryer  must  then  be  selected  to  handle  the 
desired  quantity  of  product,  and  at  the  same  time  circulate  the  calculated  air  quantity 
at  the  desired  velocity. 

6.  Equation  26  can  then  be  used  to  calculate  the  heat  requirements. 

DRYING  METHODS  AND  EQUIPMENT 

Drying,  systems  are  sometimes  classified  according  to  the  method  of 
heat  transfer  that  is  employed,  since  the  entire  problem  of  drying  resolves 
itself  into  individual  problems  of  heat  transfer  and  the  thermodynamics  of 
air  and  water  vapor.  The  methods  of  heat  transfer  are  radiation,  con? 
ductipn  and  convection.  Many  types  of  dryers  have  been  built  on  these 
principles  for  different  purposes. 

Drying  systems  can  also  be  classified,  according  to  the  method  of  product 
handling,  as  batch  operation,  semi-continuous  and  continuous. 

Radiant  Drying 

Sun  drying,  the  oldest  form  known  to  man,  is  still  practiced  where  the 
material  is  amenable  to  such  treatment,  where  the  necessary  time  can  be 
allowed,  and  where  there  is  little  danger  of  rain  or  atmospheric  pollution. 
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In  artificial  systems^  radiating  surfaces,  heated  by  steam,  electricity  or 
other  means,  afford  a  good  method  of  heat  distribution  and  control.  Ra- 
diant heating  sets  up  convection  currents,  and  in  low-temperature  dryers 
only  about  one-third  to  one-half  of  the  total  heat  for  evaporation  is  actually 
supplied  to  the  material  by  radiation.  At  high  temperatures  the  radiation 
output  increases  rapidly,  according  to  the  fourth-power  law.  The  total 
radiation  may  be  computed  by  the  equations  and  tables  given  in  Chapter  5, 
In  general,  fins  and  irregular  surfaces  do  not  increase  radiation,  hence  the 
area  to  be  used  in  calculations  is  the  area  of  a  smooth-surface  envelope 
enclosing  the  radiating  elements. 

A  certain  amount  of  air  circulation  is  required  through  a  radiant  dryer, 
in  order  to  carry  off  the  vapor. 

Radiant  heat  from  infra-red  lamps  has  been  accepted  by  certain  in- 
dustries as  practicable  for  their  specific  problems.  An  example  of  success- 
ful application  is  found  in  the  drying  of  lacquers. 

Lacquers  and  similar  surface  films  can  be  very  effectively  dried  by 
radiation.  Special  electric  lamp  units  have  been  developed  which  give  off 
a  high  percentage  of  infra-red  and  similar  heat  rays.  For  continuous 
manufacturing  processes  these  units  are  mounted  in  tunnels  through  which 
conveyors  pass.  For  local  applications,  as  for  example  paint  drying  in 
automobile  repair  shops,  they  may  be  mounted  on  portable  racks.  Ob- 
jects of  relatively  large  surface  area  in  proportion  to  their  weight,  and 
fabricated  materials  having  a  rather  high  heat  absorption,  may  be  satis- 
factorily heated  by  such  a  source. 

For  drying,  baking,  pre-heating  and  de-Jiydrating,  where  a  low  tem- 
perature infra-red  heat  source  is  desired,  or  where  use  of  glass-enclosed 
radiant  lamps  is  objectionable  for  safety  reasons,  electric  heating  units 
employing  low  temperature  metal  sheathed  resistors,  are  available. 

Conduction  Drying 

.  Drying  rolls  or  drums,  Fig.  II8,  flat  surfaces,  open  kettles  and  immersion 
heaters  are  examples  of  the  direct-contact  method.  Intimate  contact  of 
the  material  with  the  heating  surface  ia  important,  and  in  some  cases  agita- 
tion is  desirable  to  increase  the  uniformity  of  heating, or  to  prevent  over- 
heating. 

Greatest  resistance  to  heat  transfer  occurs  on  the  air  side  of  the  material 
being  dried.  The  rate  of  heat  transfer  from  the  surface  of  the  heated 
material  to  the  air,  and  hence  the  rate  of  drying,  may  be  increased  by:  (a) 
forced  Convection  or  air  circulation  and  (b)  vacuum  operation  to  lower 
the  boiling  point  of  the  liquid  being  evaporated.  2 

A  rather  interesting  method  of  conduction  drying  was  put  into  practical 
use  during  the  war  for  the  drying  of  blood  plasma  and  has  since  been 
expanded  to  other  fields  such  as  the  preservation  of  bacteria  and  other 
micro-organisms.  This  has  come  to  be  known  as  freeze  drying  or  drying 
by  sublimation.  The  material  to  be. dried  is  first  frozen  and  then  placed 
in  a  high  vacuum  chamber  connected  to  extremely  low  temperature  con- 
densers. The  water  is  removed  by  vaporizing  ffom  the  solid  directly 
to  the  gas  without  eve*  becoming  liquid. 

Convection  Drying  (Dkect  Dryers) 

A  limited  amount  of  convection  drying  takes  place  in  almost  any  dryer 
such  as  those  described  in  the  preceding  paragraphs.  However,  to  be 
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FIG.  11.  DEUM  DRYER* 

classified  as  a  convection  dryer  the  principal  source  of  heat  is  the  heated 
air  or  other  gases  circulated  in  the  dryer.  There  are  a  number  of  mechan- 
ical means  of  accomplishing  this  circulation  of  air  or  gases,  each  of  which 
has  some  particular  virtue.  Brief  descriptions  of  some  important  types  of 
convection  dryers  follow : 

Rotary  Dryers.  These  dryers  are  cylindrical  drums  which  cascade  the 
material  being  dried  through  the  air  stream.  (See  Fig.  12).  The  driers 
may  be  heated  directly  or  indirectly,  and  the  air  circulation  may  be  paral- 
lel or  counter-flow.  A  variation  is  the  rotating  louver  type  dryer,  which 
introduces  the  air  beneath  the  flights  thus  securing  very  intimate  contact. 

Cabinet  and  Compartment  Dryers.  These  are  generally  considered  batch 
dryers  wherein  each  charge  is  dried  to  completion  before  removal.8  A 
wide  range  includes  types  from  the  heated  loft  with  only  natural  con- 
vection, and  usually  poor  and  non-uniform  drying,  to  the  self-contained 
units  with  forced  draft  and  properly  designed  baffles  which  give  positive 
results.  It  is  also  possible  to  evacuate  some  of  the  systems  for  low  tem- 
perature drying  of  delicate  or  hygroscopic  materials.  These  dryers  are 
usually  loaded  with  material  spread  in  trays  to  increase  the  exposed  surface. 
The  trays  are  loaded  directly  into  the  dryer  or  may  be  stacked  on  trucks 
which  are  wheeled  in.  (See  Fig.  13). 

Tunnel  Dryers.  Tunnel  dryers  are  a  modification  of  the  compartment 
dryer,  and  as  a  rule  are  continuous  or  semi-continuous  in  operation.  Heated 
air  or  combustion  gas  is  usually  circulated  by  means  of  fans,  although  a 
few  natural  draft  units  are  still  in  use.  The  material  is  handled  on  trays 
or  racks  on  trucks,  and  moves  through  the  dryer  either  intermittently  or 
continuously.  The  air  flow  may  be  parallel,  counter-flow  or  a  combina- 
tion of  the  two,  obtained  by  center  exhaust.  Further,  the  air  flow  may 
be  across  the  surface  of  the  trays  or  up  or  down  through  the  bed,  or  in  any 
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combination  of  directions.  By  reheating  the  air  in  this  type  of  dryer  or 
recirculating  it,  a  high  degree  of  saturation  is  achieved  before  exhausting 
the  air.  This  reduces  the  waste  of  sensible  heat. 

A  variation  of  this  type  dryer  is  the  strictly  continuous  type  having 
one  or  more  mesh  belts  which  travel  through  the  dryer  carrying  the  prod- 
uct, such  as  Fig.  14.  Innumerable  combinations  of  temperature,  hu- 
midity and  air  direction  and  velocity  are  possible.  The  labor  requirement 
is  low  on  such  a  dryer,  as  it  can  be  loaded  and  unloaded  mechanically. 
There  is  the  disadvantage  of  h6t  air  leaks  at  the  entrance  and  exit,  although 
these  can  be  minimized  by  means  of  baffles  or  inclined  ends  where  the 
material  enters  and  leaves  from  the  bottom. 

Spray  Dryers.  In  recent  years  the  spray  dryer  has  become  important 
for  the  drying  of  liquids  in  many  fields,  especially  in  the  food  industry. 

The  liquid  is  atomized  by  means  of  pressure  nozzles,  air  jets  or  centrif- 
ugal bowls  into  the  air  stream  of  a  tower  or  chamber.  Inlet  air  tempera- 
tures may  run  from  250-300  F  up  as  high  as  1200  F.  Drying  times  are 
very  short  because  of  the  minute  particle  size.  Particles  as  small  as  5  to 
10  microns  are  formed  in  spray  dryers.  The  dry  powder  is  separated  from 
the  air  by  cyclone  separators  which  are  sometimes  followed  by  cloth  bags 
or  scrubbing  towers. 

Because  of  the  high  inlet  temperatures  and  the  relatively  large  volume 
of  air  required,  the  efficiency  of  the  spray  dryer  is  not  too  good  and,  conse- 
quently, is  seldom  used  for  dilute  solutions  (less  than  30  per  cent  solids). 

Figure  15  shows  a  typical  arrangement  for  a  spray  drying  system.8 

A  common  and  important  feature  of  all  spray  processing  is  the  direct 
conversion  of  the  spray  liquid  to  a  granular  product  suitable  for  packaging 
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FIG.  15.  SPRAY  DRYEB  OF  THE  PRESSURE-SPRAY  ROTARY  TYPES 

without  grinding  or  other  intermediate  handling.  Another  aspect  is  the 
unusually  high  rate  of  drying  attained.  In  a  well  designed  system  15  to  30 
seconds  is  a  fair  time  for  the  passage  of  the  sprayed  particle  through  the 
drying  zone;  the  particle  temperature  need  not  rise  materially  above  the 
wet-bulb  temperature  of  the  drying  air.  This  makes  the  process  partic- 
ularly adaptable  to  the  drying  of  heat-sensitive  material,  some  of  its 
most  important  applications  being  the  drying  of  milk,  eggs,  potato  flour, 
soap  and  blood.9 

SOLUTION  OF  TYPICAL  DRYING  PROBLEM 

Since  there  are  so  many  types  of  dryers  which  may  be  used,  and  so 
many  special  conditions  surrounding  each  particular  problem,  it  is  usually 
recommended  that  those  having  experience  with  the  dryer  to  be  used  be 
consulted.  The  following  example,  however,  will  serve  as  a  guide  for 
typical  dryer  calculations.10 

Example  jf.  Assume  900  Ib  per  hour  of  ceramic  powder  is  to  be  produced.  TJie 
powder  has  a  specific  heat  of  0.22  and  density  of  98  Ib  per  cu  ft,  wet.  Initial  moisture 
content  is  19  per  cent  on  a  wet  basis;  final  moisture  content  is  to  be  one-half  of  one 
per  cent  on  a  wet  basis. 

A  continuous  belt  dryer  is  a  logical  choice,  and  previous  experience  indicates  that 
rubber  belts  will  withstand  temperatures  up  to  200  F  which  is  also  about  the  highest 
desirable  product  temperature.  Experience  also  indicates  that  a  drying  time  of  45 
min  is  possible  at  about  160  F  dry-bulb  and  100  F  wet-bulb. 


effect,*  Belt  Length 
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FIG.  16.  CONTINUOUS  BELT  DRYER  FOR  CERAMIC 
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Step  1:  Let  x  =  pounds  moisture  at  final  condition. 
Then,  _*.  =  0.005 

or,  x    as  4.5  Ib  moisture 

and  therefore  the  solid  will  amount  to  895.5  Ib. 

Likewise  the  weight  of  the  initial  moisture  x  can  be  found 

from  -  ?    ,      »  0.19 

895.5  +  x 

or  x  »  210  Ib. 

The  weight  of  moisture  to  be  removed  is  205.5  Ib  per  hour,  and  wet  material  entering 
dryer  is  1105.5  Ib  per  hr. 

Step  2:  Previous  tests  indicate  that  a  i  in.  layer  of  powder  gives  satisfactory  re- 
sults, and  that  a  desirable  air  velocity  is  50  fpm  applied  at  a  right  angle  "to  the  belt. 
Based  on  45  min  (|  hr)  drying  time,  the  dryer  holding  capacity  will  have  to  be 

09  A 

1105  .5X  0.75  -  830  Ib  of  wet  material  or  _  «  8.45  cu  ft  of  material. 

9o 

Assuming  a  48  in.  wide  belt  with  an  effective  42  in.  width  for  the  product,  each  foot 
of  belt  length  carries  0.146  cu  ft  or  14.3  Ib  of  wet  material.  Hence,  the  linear  feet  of 

QOA 

belt  must  be  -I—  =  58  ft  and  the  total  area  of  exposed  product  is  232  sq  ft.    Based  on 

14.  o 

50  fpm  velocity  directed  at  a  right  angle  to  the  belt  the  total  air  circulation  will  be 
232  X  50  =  11600  cfm. 

For  space  economy  and  in  order  to  expose  periodically  fresh  layers  of  powder  to  air, 
a  multiple  vertical  belt  arrangement  (Fig*  16)  with  belts  traveling  in  opposite  direc- 
tions, is  selected.  Three  belts  each  19.4  ft  long  will  be  required  Fig.  16  illustrates 
the  physical  arrangement  of  the  dryer.10  The  housing  will  be  about  25  ft  long,  8  ft 
wide  and  7  ft  high. 

Step  8:  At  the  drying  conditions  of  160  F  dry-bulb  and  100  F  wet-bulb,  the  air 
moisture  content  (from  Fig.  6)  is  0.028  Ib  per  pound  of  air.  Make-up  air  will  be 
assumed  at  80  F  dry-bulb  and  72  F  dew-point  (summer  weather)  or  a  humidity  of 
0.0168  Ib  per  pound  of  air.  The  pick-up  is  therefore  0.0280  -  0.0168  or  0.0112  Ib  per 

pound  of  air.    Then  .  J*'     -  18400  Ib  of  air  per  hour  or  307  Ib  per  min. 
0>0112 

At  the  elevated  temperature,  the  total  air  quantity  of  11,600  cfm  represents  675  Ib 
of  air  per  min.  Hence, 

Per  cent,  make-up  air  «  46  per  cent 
Per  cent  recirculated  »  54  per  cent 

Step  4:  Although  the  drying  condition  and  drying  rate  should  preferably  be  de- 
termined from  experience  or  test  results,  the  drying  conditions  can  sometimes  be 
estimated  if  the  regain  characteristics  of  the  product  or  a  similar  product  are  known. 
In  this  case  the  regain  characteristics  of  clay  could  be  used  as  a  guide.  Inspection  of 
•  regain  data  for  typical  clays  indicates  that  at  about  one-half  of  one  per  cent  the  vapor 
pressure  of  the  moisture  in  the  product  is  about  0.7  in.  Hg  less  than  the  vapor  pressure 
of  free  moisture  at  the  product  temperature.  An  assumption  is  made  that  the  product 
temperature  approximates  'the  air  wet-bulb  temperature.  If  an  assumption  is  made 
'regarding  the  per  cent  recireulated  air  the  desired  vapor  pressure  in  the  dryer  can  be 
estimated.  For  example  assume  a  use  of  46  per  cent  outside  ,air  or  307  Ib  per  min.  Then 

the  moisture  pick-up  =          '    7  =  0.0112  Ib  per  pound  of  air,  with  a  consequent  total 


of  0.0168  +  0.0112  -  0.0280  Ib  of  moisture  per  pound  of  air  in  the  leaving  outside  air, 
which  has  about  1  .25  in.  Hg  vapor,  pressure.  This  is  assumed  to  be  the  vapor  pressure 
of  the  moisture  in  the  product,  and  thus  the  vapor  pressure  of  free  water  at  product 
temperature  can  be  1,25  4-  0.7  —  1.95  in.  Hg.  The  temperature  corresponding  to  1.95 
in.  Hg  is  100  F  and  thus  the  air  web-bulb  can  be  estimated  to  be  100  F.  At  100  F  wet- 
bulb  temperature  and  0.028  Ib  moisture  per  pound  of  air  the^  dry-bulb  temperature  is 
160  F.  Obviously,  the  assumed  percentage  of  recirculated  air  affects  the  results,  and 
therefore  it  is  important  that  it  be  based  on  experience.  About  50  per  cent  recircula- 
tion  is  reasonable  for  the  type  dryer  considered  in  this  example. 
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Step  5:  The  pick-up  of  moisture  per  pound  for  the  total  air  circulated  is  -  '  -  * 
0.0051  Ib.  0.0280  -  0.0051  =  0.0229  ib  moisture  per  Ib  of  air  for  the  supply  air. 

Assuming  an  existing  wet-bulb  of  100  F,  the  supply  air  dry-bulb  will  be  182  F.  The 
mixture  of  recirculated  air  at  160  F  dry-bulb  and  109  F  wet-bulb,  with  outside  air  at 
80  F  dry-bulb  and  72  F  dew-point,  will  be  at  approximately  120  F  dry-bulb  and  89  F 
wet-bulb. 

Step  6:  The  heat  required  may  be  determined  from  Equation  26  by  substitution  of 
the  following  values:  ATa  *.  307  X  60  =  18420  Ib  of  air  per  hr;  S  =  900  Ib;  CB  = 

24  +  0.45  /Q'028  +  °-Q229A  =  0<25i;  tl  =  80  F;  t,  =  160  F;  </  -  100  F;  X  -  1100 

(approx.) ;  W  =  0.005  Ib;  $i  *  0.22. 

Q  =  18420  (0.251)  (160-80)  +  18420  (1100  -f  160  -  100)  (0.028  -  0.0168)  -f  900 

(100  -  80)  (0.22  -f  0.005)  +  Q* 
=  609,000  Btu  per  hr  +  Qrc 

The  heat  input  requirement  is  therefore  609,000  Btu  per  hr  plus  radiation  and  con- 
vection losses  (Qro)  which  may  be  computed  from  the  known  construction  of  the  dryer 
surfaces  and  the  heat  transfer  coefficients. 

Summer  conditions  were  used  in  Example  1  in  order  to  obtain  the  maximum  heat 
requirement  which  would  be  the  case,  except  under  the  unusual  condition  where  radi- 
ation and  conduction  losses  are  a  large  percentage  of  the  total .  In  winter  it  is  usually 
possible  to  take  advantage  of  drier  makeup  air,  and  either  speed  up  the  process  or 
operate  at  a  lower  dry-bulb  temperature. 

Controls  for  the  system  selected  for  Example  1  would  consist  of  a  thermo- 
stat in  the  main  return  air  duct  controlling  the  heat  input  to  maintain 
constant  dry-bulb  temperature.  A  wet-bulb  controller  in  the  return  cir- 
culating duct  would  maintain  constant  desired  wet-bulb  temperature  by 
simultaneous  positioning  of  three  sets  of  dampers  in  the  makeup  air,  the 
exhaust  air  and  the  recirculated  air  ducts. 

LETTER  SYMBOLS  USED  IN  CHAPTER  46 

A  =  area  of  heat  transfer  and  evaporation,  square  feet. 
a  =  drying  area,  square  feet  per  cubic  foot  of  bed  volume. 
B  =  a  constant  (for  use  in  Equation  22) . 
B'  =  a  constant  (for  use  in  Equation  23). 

cs  =  humid  heat,  Btu  per  (pound  of  dry  air)  (Fahrenheit  degree), 
d  =  diffusivity  of  the  liquid  or  vapor,  square  feet  per  hour. 
Dp  —  average  diameter  of  particle,  feet. 
Dpi  =  drop  diameter  at  start  of  evaporation,  feet. 
DP2  =  drop  diameter  of  dry  particle,  feet. 
e  «  Naperian  base  of  logarithms  «  2.718. 
G  =  mass  velocity  of  dry  air,  pounds  per  (hour)  (square  foot). 
A#m  =  logarithmic  mean  of  inlet  and  outlet  humidity  driving  force  across  the 
air  film  adjacent  to  the  particle  through  which  the  water  vapor  diffuses, 
pound  per  pound.  (The  surface  humidity  is  taken  as  the  humidity  cor- 
responding to  the  wet-bulb  temperature  of  the  drying  air.) 
HI  =  humidity  ratio  of  entering  air,  pounds  of  water  vapor  per  pound  of  dry 

air. 

HZ  =  humidity  ratio  of  leaving  air,  pounds  of  water  vapor  per  pound  of  dry  air. 
h  =  film  heat  transfer  coefficient,  Btu  per  (hour)  (square  foot)  (Fahrenheit 

degree) . 
hc  =  coefficient  of  heat  transfer  by  convection,  Btu  per  (hour)  (square  foot) 

(Fahrenheit  degree). 
&r  =  coefficient  of  heat  transfer  by  radiation,  Btu  per  (hour)  (square  foot) 

(Fahrenheit  degree). 
ht  —  total  gas  film  heat  transfer  coefficient,  Btu  per  (hour)  (square  foot) 

(Fahrenheit  degree). 
K  =  a  constant  (a  function  of  the  constant  drying  rate) . 
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&£  «  gas  film  thermal  conductivity,  Btu  per  (hour)  (square  foot)  (Fahrenheit 
degree  per  foot). 

ks  =  mass  transfer  coefficient,  pounds  per  (hour)  (square  foot)  (atmosphere). 

L  =  material  thickness,  feet. 

M  =  molecular  weight  of  the  diffusing  vapor. 
N&  =  dry  air  supplied  to  the  dryer,  pounds  per  hour. 
Ap  =»  pa  —  p&  =  vapor  pressure  difference,  atmospheres. 

2?8  =»  vapor  pressure  of  water  at  f«,  atmospheres. 

pa  =  partial  pressure  of  water  vapor  in  air,  atmospheres. 

Pa  =*  vapor  pressure  at  the  particle  surface  corresponding  to  the  liquid  tem- 
perature, atmospheres. 

pa  —  vapor  pressure  of  liquid  in  the  drying  medium,  atmospheres. 
Qto  —  radiation  and  conduction  loss,  Btu  per  hour. 

Q  =  total  heat  supplied  to  dryer,  Btu. 

q  sa  rate  of  heat  transfer,  Btu  per  hour. 

R  =  gas  constant  (cubic  feet)  (atmospheres)  per  (Fahrenheit  degree). 

S  =  weight  of  stock  dried  in  a  continuous  dryer,  pounds  per  hour. 

S'  =  weight  of  stock  charged  in  a  discontinuous  dryer,  pounds  per  batch. 
s  —  specific  heat  of  stock,  Btu  per  pound. 

T  —  absolute  temperature  of  the  gas,  Fahrenheit  degrees. 

t&  =  air  or  gas  temperature,  Fahrenheit  degrees. 

th  =  temperature  of  the  heating  medium,  Fahrenheit  degrees. 

ts  —  temperature  of  particle,  solid  or  surface  of  evaporation,  Fahrenheit 
degrees. 

tvr  =»  wet-bulb  temperature  of  drying  air,  Fahrenheit  degrees. 

ti  =  entering  air  temperature,  Fahrenheit  degrees. 

tz  =  leaving  air  temperature,  Fahrenheit  degrees. 

t\    =  entering  stock  temperature,  Fahrenheit  degrees. 

tar  =  leaving  stock  temperature,  Fahrenheit  degrees. 

t"  =  average  stock  temperature  over  short  interval  of  time,  in  batch  dryer 
(h"  =  entering,  £2"  =  leaving)  Fahrenheit  degrees. 

Ai  —  (tt,  —  te)  =  temperature  difference  between  air  and  surface  of  evapora- 
tion, Fahrenheit  degrees. 

Atm  —  logarithmic  mean  between  temperature  entering  and  leaving  the  bed, 
and  the  wet-bulb  temperature,  Fahrenheit  degrees. 

U  =  overall  heat  transfer  coefficient,  Btu  per  (hour)  (square  foot)  (Fahren- 
heit degrees  temperature  difference  between  heating  medium  and  prod- 
uct). 

W  =  moisture  content  on  dry  basis  at  any  time  Q,  pounds  of  water  per  pound. 
W0  as  critical  moisture  content,  pounds  water  per  pound  dry  material. 
Wd  =  water  content,  dry  basis,  of  the  drop  as  it  enters  the  drying  chamber, 

pounds  per  pound  of  dry  solid. 
We  =  moisture  content  at  equilibrium  with  external  conditions,  pounds  per 

pound  dry  material. 

W0  =*  initial  moisture  or  moisture  content  at  start  of  diffusional  period,  pounds 
per  pound. 

w  =  pounds  of  water. 

~-  =  drying  rate,  pounds  of  water  per  (hour)  (pound  dry  material). 
dd 

(~)    =  constant  drying  rate,  pounds  per  (hour)  (pound  dry  material) . 
\  dv  /o 

{  __ \    -.  falling  rate,  pounds  water  per  (hour)  (pound  of  dry  stock). 
\  dO  /  f 

~  =  drying  rate  or  rate  of  evaporation,  pounds  of  water  per  hour  (Eq.  1). 
dd 

9  =  time,  hours. 

00  =  drying  time  for  constant  rate  period,  hours. 
e{  =  drying  time  during  falling  rate  period,  hours. 
0t  =  total  drying  time,  hours. 

X  =  latent  heat  of  evaporation  at  <„  Btu  per  pound. 
M  =!  viscosity  of  the  air  stream,  pounds  per  (hour)  (square  foot). 
PL  =  density  of  evaporating  liquid,  pounds  per  cubic  foot. 
p*  «  bulk  density  of  dry  granular  bed,  density  of  dry  particle,  pounds  per 
cubic  foot. 
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TRANSPORTATION  AIR  CONDITIONING 

Railway  Passenger  Car  Air  Conditioning;  Streetcar  and  Trolley  Coach  Heat- 
ing and  Ventilating;  Passenger  Bus  Air  Conditioning;  Automobile  Air  Con- 
ditioning; Aircraft  Air  Conditioning;  Ship  Air  Conditioning;  Heating 
and  Ventilating,  Refrigeration  Systems,  Air  Conditioning  Space 
Treatment,  Systems  and  Controls 


THE  principles  of  air  conditioning  applying  to  stores,  restaurants,  hospi- 
tals, theaters,  and  homes  are  applicable  to  railway  passenger  cars, 
passenger  buses,  automobiles,  streetcars,  trolley  coaches,  airplanes  and 
ships.  However,  equipment  used  for  mobile  applications  differs  from  that 
used  for  stationary  purposes  in  that  it  must  meet  additional  requirements. 
Equipment  must  be  compact,  accessible  for  quick  inspection  and  servicing, 
light-weight  and  unaffected  by  vibration  and  impact.  Freedom  from  vi- 
bration which  could  be  transmitted  to  supporting  vehicle  and  thus  to 
passengers,  is  essential. 

RAILWAY  PASSENGER  CAR  AIR  CONDITIONING 

The  railway  passenger  car  represents  a  very  difficult  air  conditioning 
problem.  Space  is  strictly  limited  so  that  all  equipment  and  ducts  must  be 
reduced  to  minimum  siae.  Electric  power  supply  and  water  supply  also 
are  limited.  All  equipment  must  withstand  severe  vibration  and  shock,  and 
must  be  very  reliable  since  servicing  points  are  frequently  far  apart. 

During  the  heating  season  it  is  necessary  to  heat  conventional  cars  with 
steam  from  the  locomotive  at  pressures  that  may  vary  from  250  psi  to  only 
5  or  10  psi  on  the  last  car  in  long  trains.  Passengers  in  window  seats  must 
sit  only  a  few  inches  from  cold  outside  walls  and  windows,  and  must  also 
be  very  close  to  standing  radiation  installed  along  sides  of  cars.  Sudden 
changes  in  load  may  be  caused  by  changes  in  sun,  wind,  or  train  movement. 
Even  in  coldest  weather,  outside  doors  must  be  opened  frequently. 

During  the  cooling  season,  the  problem  is  further  complicated  by  a  high 
concentrated  internal  load  due  to  the  passengers.  Also,  air  distribution 
problems  are  increased  by  low  ceilings  and  short  air  throws. 

Heating 

The  heating  of  passenger  cars  is  accomplished  by  using  a  split  system 
consisting  of  an  overhead  air  circulating  system  with  heating  and  cooling 
coils,  and  standing  radiation  (floor  heat)  along  car  sides.  The  floor  heaters, 
which  usually  consist  of  finned  tubing,  may  be  made  more  efficient  by  using 
covers  designed  to  increase  gravity  air  circulation,  and  to  direct  the  warm 
air  from  finned  heating  surface  along  cold  outside  walls  and  car  windows. 
In  some  new  cars,  wall  convector  panels  are  use,d  and  extend  the  full  length 
of  the  car,  with  air  intakes  along  the  floor  and  outlets  at  window-sill  height 
and  at  window  head  height  in  dead-light  panels.  The  heated  panel  pro- 
tects passengers  from  cold  outside  walls,  and  the  chimney  effect  of  the 
panel  duct  increases  air  flow  and  improves  heating  surface  efficiency. 

Steam  may  be  used  directly  in  finned  tubing,  or  steam  may  be  used  to  heat 
a  liquid  (usually  a  mixture  of  water  and  diethylene  glycol)  which  is 
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circulated  through  the  finned  tubing  by  means  of  circulators.  If  steam 
is  used  directly,  it  is  difficult  to  distribute  the  heat  uniformly  along  the 
length  of  the  car.  In  the  case  of  steam,  it  is  customary  to  divide  long  finned 
tubes  into  separate  sections  which  are  fed  independently.  This  is  not 
true  zoning  since  it  is  not  based  on  principles  for  zoning.  (See  Chapter  29.) 

The  finned  tubing  at  the  floor  must  have  sufficient  capacity  to  offset  ef- 
fects of  cold  walls  and  windows  during  normal  operation,  and  to  heat  the 
entire  car  to  a  minimum  temperature  of  60  F  during  standby  when  the  over- 
head system  is  not  operating.  The  maximum  capacity  required  (deter- 
mined by  standby  requirements)  varies  with  car  construction  and  design 
temperatures,  but  is  approximately  90,000  Btu  per  hour.  This  requires  a 
heating  capacity  in  finned  tube  of  approximately  650  Btu  per  linear  foot. 

The  overhead  air  heating  coil  must  have  sufficient  capacity  to  heat  the 
outside  air  brought  into  the  car  for  ventilation,  and  to  supply  approximately 
20  per  cent  of  the  internal  heat  loss  of  the  car  so  as  to  permit  supply  of  floor 
heat  at  all  tim'es  at  an  output  that  will  not  be  objectionable  to  passengers 
sitting  near  it.  The  usual  capacity  of  the  overhead  heating  coil  is  approxi- 
mately 100,000  Btu  based  on  2400  cfm  of  circulated  air,  with  600  cfm  of  this 
being  outside  air  for  ventilation.  All  Btu  figures  are  approximations  of 
actual  heating  requirements,  and  do  not  include  heat  losses  in  the  trainline 
(or  leakage)  or  losses  in  the  undercar  piping.  The  heat  losses  in  the  under- 
car  piping  can  become  a  major  portion  of  the  train  heating  boiler  load  on 
cars  having  many  undercar  loops  and  steam  regulating  devices. 

Refrigeration 

For  cooling  and  dehumidification  during  summer,  refrigeration  may  be 
obtained  from  ice  bunkers,  steam  jet  systems,  or  mechanical  compressors 
(driven  directly  from  car  axle  by  electric  motors  or  by  gas  engines).  Re- 
frigeration required  varies  with  load  conditions,  but  7  J  tons  per  car  is  one 
capacity  frequently  used.  Evaporative  type  condensers  are  sometimes 
used  in  combination  with  the  usual  air  condenser  on  either  steam  jet  or 
mechanical  refrigeration. 

^  When  an  electric  motor  (approx.  10  hp)  is  used  to  drive  the  air  condi- 
tioning compressor,  the  electric  power  source  is  a  problem.  If  the  power 
source  is  an  axle-driven  generator,  there  is  an  appreciable  increase  in  the 
drag  on  locomotive,  and  the  power  available  for  refrigeration,  when  train  is 
stopped  at  a  station,  is  limited  to  storage  batteries.  One  solution  to  this 
problem  is  to  use  a  d-c  generator  driven  by  a  gas  engine.  Another  is  to 
use  a  Diesel-driven  alternator  in  a  special  head-end  car  to  furnish  power  to 
the  entire  train.  Recently  there  have  been  installations  in  which  a  Diesel- 
driven  alternator  is  mounted  on  an  individual  passenger  car  to  supply  the 
power  requirements  of  the  car.  The  attractiveness  of  this  type  of  installa- 
tion can  be  ^increased  by  utilizing  spare  alternator  capacity  in  winter  for 
electric  heating.  If  this  capacity  is  supplemented  by  exhaust  heat  from  the 
Diesel  engine,  there  is  sufficient  capacity  to  heat  the  entire  car  and  to  pro- 
vide hot  water  for  wash  rooms  when  outside  temperatures  are  above  ap- 
proximately 30  P.  This  feature  is  important  on  trains  using  Diesel  locomo- 
tives, since  it  eliminates  the  need  for  firing  the  steam  heating  boiler  in  the 
locomotive  during  a  portion  of  the  year. 

Air  Distribution  and  Cleaning 

Railway  cars  present  critical  problems  in  air  distribution  because  air 
space  per  passenger  is  small  (60  to  190  cu  ft),  and  the  sun  load  is  great. 
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An  average  passenger  car  contains  approximately  5000  cu  ft  of  air,  and 
may  seat  as  many  as  80  passengers.  The  occupants  are  continually 
liberating  heat,  carbon  dioxide,  moisture,  odors,  and  some  organic  matter 
from  their  breath,  skin  and  clothing.  The  heat  and  moisture  can  be 
removed  by  cooling  and  dehumidification,  but  other  constituents  can  be 
successfully  handled  only  by  proper  ventilation  and  air  cleansing.  In  an 
average  car,  from  2000  to  2500  cfm  are  circulated  by  the  air  conditioning 
unit.  Some  of  this  air  may  be  recirculated,  but  a  portion  of  it  should 
always  be  brought  in  from  outside.  The  amount  of  outside  air  desirable 
depends  upon  the  type  of  car,  number  of  passengers,  air  temperature, 
humidity,  odors,  and  whether  or  not  the  occupants  are  smoking,  and  will 
vary  from  15  to  90  per  cent  of  the  total  air  circulated. 

Careful  attention  must  be  exercised  in  specifying  the  rate  of  outside  air 
taken  in  so  as  to  fit  the  type  of  service  adequately,  and  yet  not  supply  more 
ventilation  than  is  necessary.  Conditioning  of  this  outside  air  is  a  major 
factor  in  determining  size  of  both  summer  and  winter  equipment. 

For  normal  conditions,  10  cfm  of  outside  air  per  passenger  are  provided. 
When  smoking  is  permitted,  at  least  15  cfm  should  be  admitted.  In  some 
dining  cars,  and  deluxe  sleeping  cars,  outside  air  rates  as  high  as  20  to  30 
cfm  per  occupant  are  used.  A  ceiling  duct  lengthwise  along  the  center  of 
the  car  is  usually ^used  to  distribute  the  air  to  the  interior  by  fans  or  blowers. 
A  perforated  ceiling  supplied  from  an  overhead  duct,  or  delivery  grilles  and 
plaques  designed  to  give  considerable  entrainment  and  mixing,  are  used 
to  deliver  air  to  the  car  space. 

Smoking  rooms  present  a  special  problem.  The  cloud  of  smoke  that 
usually  hangs  near  the  ceiling  can  be  broken  up  by  directing  incoming  air 
along  the  ceiling  at  a  velocity  somewhat  higher  than  that  used  for  the  rest 
of  car.  The  air  is  exhausted  through  the  washroom  or  lavatory.  For 
compartments,  provision  is  made  in  the  door  or  partition  for  removal  of 
used  air.  Lower  berths  are  provided  with  a  low  velocity  air  outlet. 

Recirculating  air  grilles  are  usually  of  straight  flow  types.  Outside  air 
intakes  are  usually  located  in  the  vestibule,  on  the  side  of  the  car,  or  on  the 
roof,  depending  upon  location  of  the  cooling  coils.  On  many  recently  air- 
conditioned  cars,  there  are  nto  dampers  or  shutters  at  the  outside  air  intakes; 
the  percentage  of  the  outside  air  is  controlled  by  adjusting  flow  through  the 
recirculating  grille. 

A  considerable  number  of  coach  cars  are  now  being  equipped  with  return 
air  ducts  fitted  in  the  structure  of  baggage  racks.  Part  of  the  air  circulated 
is  returned  to  the  blower  unit  through  these  ducts,  and  part  through  the 
car  body.  This  arrangement  reduces  quantity  and  velocity  of  air  returning 
through  the  car  body,  and  removes  smoke  fumes  at  the  source.  This,  and 
any  other  design  features  aimed  at  taking  recirculated  air  at  the  floor  and 
adjacent  to  both  end  doors  (rather  than  drawing  all  recirculated  air  to  one 
end  of  the  car)  also  reduces  infiltration  of  cold  air  in  ankle  height  stratat 
when  doors  are  opened  during  the  heating  season. 

All  air  circulated  by  the  blower  is  filtered  before  passing  over  the  cooling 
and  heating  coils.  In  some  cars  outside  air  and  recirculated  air  are  filtered 
separately  before  mixing,  while  in  others  air  from  the  two  sources  is  mixed 
before  passing  through  a  common  filter.  Filters  in  use  are  combinations 
of  metal,  wool,  cloth,  spun  glass,  henip,  paper,  hair  and  wire  screen.  Most 
filters  have  a  viscous  coating  of  oil  for  greater  cleaning  efficiency.  Some 
types  may  be  cleaned,  re-treated,  and  re-used,  while  other  types  are  dis- 
carded when  dirty.  Applications  are  also  being  made  of  electric  precipita- 
tion for  air  cleaning.  In  this  system  the  coarser  particles  are  removed 
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from  the  air  by  mechanical  separation;  finer  materials,  by  electrostatic 
action. 

Activated  carbon  units  sometimes  are  used  in  addition^  to  the  regular 
filters  for  absorbing  odors  and  other  impurities,  thus  reducing  the  amount 
of  outside  air  necessary  for  ventilation, 

Temperature  and  Humidity  Control 

Controls  in  a  passenger  car  should  be  as  automatic  as  possible.  The 
regular  train  crew  cannot  be  relied  on  to  make  adjustments  for  the  comfort 
of  passengers*  For  this  reason  the  latest  systems  of  temperature  control 
have  only  an  off-on  switch  to  be  operated  by  the  train  crew.  When  the 
system  is  in  operation,  heating  or  cooling  is  provided  automatically  as 
required. 

j--«  When  heating,  it  is  important  that  floor-heat  finned  tubing  be  controlled 
at  stable  temperatures.  Wide  fluctuation  in  its  temperature  is  highly  ob- 
jectionable because  of  location  close  to  the  passengers.  Stable  operation 
may  be  secured  by  controlling  the  floor  heat  on  the  basis  of  outside  condi- 
tions (see  Chapter  29  on  zoning),  and  using  an  overhead  air  circulating 
system  to  maintain  final  car  temperatures. 

Because  of  window  condensation  and  other  problems,  usually  no  attempt 
is  made  to  raise  relative  humidity  in  a  railroad  car  in  winter  time. 

When  cooling,  the  steam  jet  refrigeration  system  is  controlled  in  an  on-off 
manner.  Some  means  are  ordinarily  provided  for  operating  mechanical 
compressor  systems  at  partial  capacity.  In  this  case  split  evaporators  are 
used,  so  that  evaporator  surface  and  compressor  capacity  can  be  reduced 
together  under  light  load  conditions. 

Under  very  light  cooling  loads,  the  relative  humidity  in  a  car  tends  to 
increase  because  of  long  off  periods  of  refrigeration  equipment.  This  can 
be  prevented  by  starting  refrigeration  "equipment  on  low  capacity  at  an 
established  outdoor  air  temperature,  operating  it  continuously,  and  using  a 
heating  coil  in  the  overhead  system  to  re-heat  sufficiently  to  maintain  de-; 
sired  car  temperatures.  Under  higher  load  conditions  the  heating  coil 
becomes  inoperative,  and  compressor  and  evaporator  capacity  are  increased 
as  needed. 

Room  type  sleeper  cars  introduce  a  further  problem  of  providing  indi- 
vidual adjustment  of  room  temperatures.  Sometimes  this  individual 
control  is  secured  by  adjusting  air  volume,  but  such  adjustment  is  unsatis- 
factory for  overall  comfort,  and  may  affeet  the  air  supply  to  other  rooms. 
Another  method  is  to  use  the  heaters  at  the  floor  to  control  the  room  tem- 
perature, but  this  tends  to  cause  unstable  and  improper  floor  heat  tempera- 
tures which  may  be  objectionable  to  the  passengers.  A  simpler  and 
basically  more  satisfactory  system  is  to  use  a  small  booster  heater  in 
individual  overhead  air  supply  ducts  to  each  room  under  manual  control 
of  the  occupant.  In  this  case,  the  floor  heat  and  basic  overhead  systems 
are  automatically  adjusted  for  varying  load  conditions  just  as  in  a  simple 
coach  type  car.  A  fixed  amount  of  heat  regulated  by  the  occupant  can  be 
added  by  the  room  booster  heater  to  maintain  desired  individual  room 
temperature.  Temperature  lag  is  reduced  in  the  case  of  room  boosters 
over  use  of  gravity  floor  heating  surfaces.  Any  adjustment  of  the  booster 
will  give  the  occupant  immediate  change  in  space  conditions.  The  use  of 
floor  heat  surfaces  for  room  control  may  also  cause  low  o^  excessive  surface 
temperatures  close  to  the  passenger,  with  resulting  discomfort. 
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STREETCAR  AND  TROLLEY  COACH  HEATING  AND  VENTILATING 

Streetcars  and  trolley  coaches  present  a  special  problem  in  the  main- 
tenance of  satisfactory  comfort  conditions  because  of  the  frequent  opening 
of  the  doors  and  highly  fluctuating  passenger  load.  Space  limitations  for 
ducts,  and  a  desire  to  keep  outlet  grilles  well  above  the  floor  to  facilitate 
car  cleaning,  add  further  problems  to  the  distribution  system.  Maintain- 
ing comfort  conditions  at  the  driver's  station  cannot  be  overlooked,  since 
his  term  of  occupancy  is  considerably  longer  than  that  of  any  passenger, 
and  because  he  is  usually  dressed  more  lightly  than  passengers.  A  separate 
source  of  heat  is  usually  provided  for  the  operator,  and  is  under  Ms  control. 

Heating  and  Ventilating 

Recently-built  streetcars  and  trolley  coaches  obtain  heat  from  air  blown 
over  the  main  accelerating  resistors  and  track  switch  resistors,  to  heat  the 
passenger  space.  In  the  modern  streamlined  streetcars,  designated  P.C.C.j 
approximately  2400  .cfm  are  drawn  from  the  car  and  blown  over  these  re- 
sistors to  dissipate  their  heat.  In  trolley  coaches,  an  amount  of  800  cfm 
is  customary.  The  heated  air  is.  then  delivered  to  the  passenger  space  or 
diverted  to  the  outside  by  means  of  dampers,  as  required.  If  available 
heat  from  this  source  is  insufficient,  auxiliary  electric  heaters  in  the  supply 
ducts  may  be  cut  in.  The  air  distribution  system  is  100  per  cent  recirculat- 
ing  when  the  maximum  heating  requirement  is  being  met.  At  conditions 
other  than  maximum  heating  demand,  part  of  the  air  drawn  from  the  car  is 
exhausted  to  the  atmosphere.  Outside  air  enters  the  car,  under  these  con- 
ditions, by  infiltration  at  all  cracks  and  through  doors  when  opened  at  stops. 

The  most  recently-built  streetcars  have  added  ventilating  fans  in  the  roof 
structure  to  introduce  outside  air  through  ceiling  diffusing  grilles.  By 
governing  the  outside  air  volume  introduced  through  these  roof  fans  in  coor- 
dination with  the  heated  air  distributing  system,  it  is  possible  to  maintain  a 
slight  pressurization  of  the  passenger  space  and  avoid  inrush  of  air  when  the 
doors  are  opened  to  load  passengers.  The  roof  fans  also  provide  an  effec- 
tive means  of  maintaining  lower  inside  temperature  during  summer  opera- 
tion. Ventilation  tests  on  P.O. C.  streetcars  indicate  that  with  90  F  outside 
temperature  and  above,  12,000  cfm  are  required  to  provide  sufficient  air 
change  to  keep  inside  temperature  within  a  few  degrees  of  outside  air  tem- 
perature, and  to  provide  enough  air  movement  over  passengers  for  comfort. 
The  best  results  have  been  obtained  by  operating  ventilating  fans  with 
windows  closed.  New  cars  provided  with  adequate  ventilating  capacity 
have  been  built  with  fixed  sash. 

Control 

Temperature  control,  consisting  of  equipment  especially  designed  to  with- 
stand the  vibration  present  on  transportation  equipment,  is  used.  Auto- 
matically operated  dampers  are  used  to  control  flow  of  heated  air  to  the 
passenger  space,  or  to  direct  heated  air  to  the  atmosphere.  An  automat- 
ically operated  rheostat  or  multi-point  switch  is  used  to  vary  the  speed  of 
the  ventilating  fans.  Recent  control  system  applications  employ  one 
thermostat  to  operate  both  heating  dampers  and  ventilating  fans  in  a  modu- 
lating or  graduated  manner,  with  a  compensating  thermostat  in  the  heat 
supply  duct  to  correct  for  wide  fluctuations  in  temperature  of  air  leaving  the 
resistors.  Ventilating  fans  are  usually  stopped  or  operated^at  lowest  speed 
during  the  heating  cycle,  and  then  their  speed  is  gradually  increased  as  the 
car  temperature  rises  above  the  heating  cycle  control  point. 
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PASSENGER  BUS  AIR  CONDITIONING 

The  passenger  bus  designed  for  urban  transportation  operation  presents 
a  greater  problem  to  the  designer  of  heating  systems  than  does  the  inter- 
urban  bus.  More  frequent  stops,  and  rapidly  changing  passenger  load 
create  this  problem  on  urban  vehicles.  Provision  of  heat  for  the  driver 
..  independent  of  the  passenger  heating  system,  is  a  further  problem.  The 
inter-urban  bus,  however,  is  usually  a  deluxe  vehicle  and  may  require  a 
comfort  cooling  system.  Space  and  weight  limitations  and  vibration  must 
be  considered. 

Heating 

Recent  designs  of  bus  heating  systems  obtain  improved  air  distribution. 
Heat  in  the  engine  coolant  liquid  is  used  to  warm  air  by  means  of  suitable 
finned  coils  and  this  heated  air  is  distributed  throughout  the  passenger 
space  by  ducts  and  outlets  directed  toward  the  floor.  Some  designs  include 
finned  surface  near  the  floor  in  an  application  similar  to  that  in  railway 
passenger  cars.  Forced  air  circulation  over  this  finned  floor  heating  surface 
has  been  provided  to  increase  its  effectiveness.  Oil  burning  booster  heaters 
have  been  applied  to  many  Diesel-powered  buses  to  raise  the  temperature 
of  the  engine  coolant  for  maximum  engine  operating  efficiency,  and  to 
provide  sufficient  heat  for  the  passenger  space. 

Ventilation 

Air  for  ventilation  is  usually  brought  into  a  bus  at  the  front,  and  dis- 
tributed throughout  the  length  of  the  passenger  space  by  a  duct  or  ducts 
near  the  ceiling.  Except  for  a  few  designs  employing  100  per  cent  outside 
air  for  heating,  no  heating  of  the  ventilating  air  has  been  provided.  One 
recently  designed  distribution  system  for  an  inter-urban  bus  provides  for  a 
fixed  minimum  of  outside  air,  and  is  arranged  to  increase  the  percentage  of 
outside  air  to  100  per  cent  when  the  heating  or  cooling  load  diminishes. 
The  distribution  ducts  and  diversion  damper  arrangement  of  this  system 
make  available  two  supply  ducts  and  one  return  duct  for  heating  and  for 
cooling,  with  a  changeover  to  all  three  ducts  to  supply  air  during  the  inter- 
mediate ventilating  cycle.  This  system  permits  utilization  of  atmospheric 
cooling  and  ventilation  to  the  greatest  degree  when  it  can  be  most  econom- 
ically employed  in  the  interval  between  the  heating  and  cooling  demand. 

Conventional  throw-away  type  filters  or  renewable  filters  are  used  in 
intake  air  ducts  for  many  vehicles.  Electrostatic  filters  have  been  success- 
fully used  in  some  installations.  The  need  for  elimination  of  dirt  is  great, 
but  the  problem  is  complicated  by  space  limitations  and  limited  power. 

Refrigeration 

Summer  conditioning  systems  for  inter-urban  vehicles  range  in  cooling 
capacity  from  36,000  to  48,000  Btu  per  hour.  Mechanical  compression 
systems  using  refrigerants  are  used,  and  are  powered  by  water-cooled 
gasoline  engines  of  approximately  14  hp. 

Complete  systems  add  from  800  to  1300  Ib  to  weight  of  the  coach.  Some- 
times an  auxiliary  generator  driven  by  the  refrigeration  system  engine  is 
used  and  serves  to  help  charge  the  b^ts  battery,  thereby  offsetting  power 
drain  imposed  by  the  ventilating  blower.  Belted  reciprocating  compressors 
and  direct-driven  V-type  and  rotary  compressors  are  used,  with  engine 
speeds  up  to  about  1800  rpm.  Air-cooled  condensers  for  this  service  re- 
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quire  about  5000  cfm  of  outdoor  air,  and  this  is  provided  by  either  centrif- 
ugal or  propeller  type  ^ns  belted  or  direct-driven  by  the  air  conditioning 
engine.  Preventing  noise  and  vibration  from  affecting  passengers  is  of  vital 
importance.  Installations  must  be  made  for  quick  daily  engine  servicing. 
In  all  cases  fuel  is  obtained  from  the  main  bus  tanks,  and  in  some,  the  main 
engine  cooling  system  cools  the  air  conditioning  engine. 

Control 

Automatic  temperature  control  is  receiving  more  attention  in  the  design 
of  new  vehicles.  Some  municipalities  and  states  have  enacted  laws  re- 
quiring that  buses  operated  on  their  streets  and  roads  be  so  equipped. 
The  simplest  control  systems  for  heating  of  urban  buses  consist  of  a  single 
thermostat  to  start  and  stop  the  blower  of  the  heater  unit.  Improved 
heating  systems  employ  a  thermostat  to  control  liquid  flow  to  the  heater 
cores  by  means  of  modulating  valves,  in  combination  with  a  means  of  stop- 
ping the  heating  blower  when  no  heat  is  required.  Heating  and  ventilating 
control  is  accomplished  by  controlling  the  volume  of  outside  air  over  and 
above  the  minimum  required  in  accordance  with  the  temperature  in  the 
passenger  space  by  means  of  automatic  modulating  dampers  in  the  out- 
side air  intake,  or  by  varying  the  speed  of  the  ventilating  air  blowers. 

In  a  large  proportion  of  inter-city  buses  equipped  with  mechanical  re- 
frigeration, a  single  thermostat  is  used  to  start  and  stop  the  cooling  opera- 
tion. This  may  be  accomplished  by  automatically  starting  an  engine- 
driven  compressor  on  the  cooling  demand  or  by  engaging  a  clutch  to  drive 
the  compressor.  Modulated  or  graduated  control  of  engine-driven  com- 
pressors may  be  accomplished  by  automatic  regulation  of  the  engine  throttle 
controlled  from  a  thermostat  in  the  passenger  space.  Complete  control 
systems  are  available  to  coordinate  operation  of  the  heating,  ventilating 
and  cooling  equipment  from  a  single  thermostat,  with  automatic  change- 
over from  heating  to  ventilating  to  cooling. 

AUTOMOBILE  SUMMER  AIR  CONDITIONING 

Recently  summer  cooling  has  been  applied  to  automobiles.  The  average 
present-day  automobile  with  little  insulation,  large,  single  glazed  window 
areas,  and  high  infiltration  and  exfiltration  losses,  requires  about  15,000 
Btu  per  hour  of  cooling  capacity.  One  system  utilizes  a  reciprocating 
compressor  belted  from  the  main  engine  fan  shaft,  thus  operating  at  varying 
speeds  up  to  3000  rpm.  The  resulting  refrigeration  capacity  varies  from 
about  6000  Btuh  at  idling  speed,  to  24,000  Btuh  at  maximum  car  speed. 

A  dry  air  condenser  is  placed  in  front  of  the  engine  radiator,  and  the  liquid 
and  suction  refrigerant  lines  run  back  under  the  car  floor  to  the  evaporator 
which  is  located  in  back  of  the  rear  seat.  Conditioned  air  is  delivered  into 
the  car  just  above  the  shelf  near  the  back  of  the  rear  seat.  A  return  grille 
is  provided  under  the  rear  seat,  and  the  recirculated  air  is  filtered.  Outdoor 
air  is  provided  by  infiltration.  Power  for  the  air  circulating  blowers  is 
obtained  from  the  car  storage  battery.  Equipment  of  this  nature  increases 
the  car  weight  approximately  200  Ib. 

AIRCRAFT  AIR  CONDITIONING 

In  the  space  of  a  few  years,  heating,  cooling  and  ventilating  of  airplanes 
has  progressed  from  comparatively  simple  systems  to  highly  complex 
multi-purpose  designs.  The  attendant  control  problem  has  become  cor- 
respondingly complex.  On  older,  non-pressurized  planes,  the  heating  sys- 
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tern  consisted  either  of  a  steam  boiler  and  radiator  or  a  single  stage  or  double 
stage  heat  exchanger.  On  both  types,  the  cabin  temperature  was  adjusted 
by  positioning  the  face  and  bypass  dampers.  While  these  were  sometimes 
moved  by  an  automatic  modulating  control,  in  the  majority  of  cases  they 
were  positioned  by  one  of  the  ship's  crew,  with  results  which,  while  not 
satisfactory,  were  passable.  As  these  planes  cruised  at  less  than  200  mph 
and  normally  operated  at  low  altitudes,  changes  in  outside  air  temperatures 
were  generally  gradual  enough  so  that  manual  readjustment  of  controls 
could  maintain  reasonably  comfortable  cabin  conditions.  _  Nearly  all  of 
these  heating  systems  were  marginal  in  respect  to  heat  available,  and  the 
main  problem  was  lack  of  heat,  rather  than  inadequate  control. 

Non-Pressurized  Cabins 

With  the  advent  of  the  combustion  type  heater,  and  use  of  larger  and 
faster  planes,  use  of  manual  controls  became  impracticable.  The  com- 
bustion type  heaters  reach  full  rating  in  less  than  a  minute  after  being 
turned  on,  and  as  they  are  rated  at  100,000  Btu  per  hr  and  up,  and  since 
several  heaters  are  generally  used,  it  would  take  full  time  of  one  crew 
member  to  keep  cabin  temperature  regulated.  As  ships  of  this  type  are  not 
pressurized,  the  heating  system  is  still  comparatively  simple. 

In  one  type,  two  100,000  Btu  heaters  are  placed  in  parallel  positions  and 
the  ram  air  from  an  external  scoop  is  passed  through  the  heaters  and  dis- 
charged through  a  series  of  distributing  outlets  located  in  the  cabin  ceiling. 
The  cabin  air  is  discharged  through  grilles  located  in  the  bottom  walls  of  the 
cabin.  An  auxiliary  nose  heater  is  used  by  the  crew  to  obtain  additional 
heat  for  the  cockpit  or  for  windshield  defrosting. 

The  cabin  is  maintained  at  the  desired  temperature  by  means  of  an  auto- 
matic control  which  operates  both  heaters  simultaneously.  This  control 
consists  of  two  duct  thermostats,  one  being  mounted  in  the  air  inlet  duct 
between  the  air  scoop  and  the  heaters  so  that  it  is  affected  by  outside  ambi- 
ent temperatures,  and  the  other  being  mounted  in  the  heater  outlet  duct 
so  that  it  is  affected  by  the  discharge  air  temperatures.  A  thermostat  in 
the  cabin  is  so  located  that  a  continuous  stream  of  cabin  air  passes  through 
it.  This  type  of  control  has  been  found  to  respond  to  a  1  deg  temperature 
change  in  less  than  a  second.  Its  theory  of  operation  follows. 

As  the  outside  temperature  starts  to  drop,  the  outside  air  duct  thermo- 
stat decreases  in  resistance,  unbalancing  an  electronic  bridge.  This  un- 
balance is  amplified  by  vacuum  tubes  and  causes  a  power  tube  to 'dose  a 
relay,  turning  on  the  combustion  heaters.  The  resulting  increase  in  tem- 
perature is  sensed  by  the  warm  air  duct  thermostat  which  increases  in 
resistance,  thus  re-balancing  the  bridge  and  causing  the  relay  to  open.  If 
there  were  no  loss  by  radiation  or  convection  from  the  aircraft  cabin,  these 
two  duct  thermostats  would  be  sufficient  for  adequate  control.  However, 
the  cabin  thermostat  is  given  approximately  30  times  more  influence  than 
the  duct  thermostats  and  so  acts  as  the  master  controller,  and  the  duct 
thermostats  prevent  over-heating  or  under-heating  and  keep  the  discharge 
air  from  alternating  between  extreme  cold  and  extreme  heat. 

In  a  slightly  more  elaborate  ^system,  two  combustion  heaters  supply  a 
plenum  chamber  which  is  maintained  at  a  constant  temperature.  Air 
from  the  plenum  chamber  is  then  mixed  with  outside  air  to  miaintain  desired 
cabin  temperature.  All  of  the  warm  air  is  discharged  into  the  cabin 
through  the  walls.  The  discharge  grilles  are  located  on  the  floor  under 


Transportation  Air  Conditioning  969 

seats,  and  a  modulating  type  controller  varies  proportions  of  heated  and 
outside  air  necessary  to  maintain  desired  cabin  temperature.  The  same 
type  of  control  system  as  previously  described  is  used,  except  that  an  ampli- 
fier operates  a  two-phase  motor  capable  of  positioning  control  dampers 
instead  of  operating  a  relay  which  would  merely  open  and  close  the  fuel 
valve.  An  auxiliary  duct,  running  from  the  plenum  chamber,  is  used  by 
the  pilot  as  a  source  of  windshield  defrosting  air. 

Pressurized  Cabins 

With  the  advent  of  the  new  high  speed  pressurized  transport  planes,  and 
the  addition  of  cabin  cooling  in  addition  to  heating,  the  control  problem 
becomes  more  complex.  On  all  of  these  airplanes,  the  heat  of  compression 
from  cabin  supercharger  must  be  controlled,  the  air  cycle  or  expansion 
turbines  must  be  turned  on  and  also,  the  heat  exchanger  or  combustion 
heaters,  which  are  used  in  the  system  when  cooling  is  required  for  additional 
heat,  must  be  automatically  controlled. 

Assuming  that  one  of  these  airplanes  is  operating  in  an  extremely  cold 
climate,  the  sequence  of  operation  would  be  as  follows : 

The  automatic  controller  for  the  supercharged  air  inter-cooler  would  be  in  full 
closed  position,  so  that  none  of  the  heat  of  compression  would  be  removed,  and  the 
air  would  by -pass  the  expansion  turbine  and  its  compressor  and  the  secondary  after- 
cooler.  An  additional  automatic  controller  would  be  operating  the  combustion 
heater  and  supplying  the  additional  heat  necessary  to  maintain  the  desired  cabin 
temperature.  If  a  heat  exchanger  were  used  as  a  supplemental  source  of  heat,  a 
modulating  control  operating  a  damper  on  this  exchanger  would  run  towards  full 
heat  position. 

As  the  airplane  enters  a  warm  climate  and  heat  requirements  drop,  the  combustion 
heater  would  cease  operation  or  the  heat  exchanger  would  go  to  full  cold  position,  and 
the  modulating  control  on  the  supercharge  compressor  would  move  towards  the  cold 
position.  When  the  outside  ambient  temperature  rises  so  high  that  cooling  is  desired, 
the  cabin  supercharger  intercooler  would  be  opened  wide.  If  further  cooling  were 
required,  the  air  would  go  into  an  air  cycle  turbine,  which  is  modulated  to  deliver  the 
required  amount  of  cold  air  to  maintain  a  comfortable  cabin  temperature. 

Pressure  in  the  cabin  is  maintained  by  providing  a  controlled,  constant 
rate  of  air  flow  into  the  cabin  sufficient  to  maintain  ventilation  and  adjust- 
ing the  cabin  pressure  relief  valve  setting  by  means  of  a  cabin  pressure  se- 
lector to  maintain  the  desired  cabin  pressure.  Limits  on  maximum  inside 
to  outside  pressure  may  be  of  the  order  of  4  or  5  psi,  and  safety  controls 
should  be  provided  to  prevent  exceeding  this.  There  is  a  maximum  rate 
at  which  the  cabin  can  change  to  a  newly  selected  value,  this  rate  being  in 
some  cases  also  adjustable.  * 

The  requirements  for  controls  of  this  nature  are  extremely  rigid.  It  is 
commonplace  for  ships  of  this  type  to  experience  changes  in  outside  ambi- 
ent temperatures  of  as  much  as  100  deg  in  a  space  of  5  min.  For  this 
reason,  speed  of  sensing  a  change  and  rapidity  of  response  in  the  control 
system  is  essential  if  satisfactory  control  is  to  be  accomplished.  The  older 
type  thermostats  cannot  be  used  in  airplanes,  due  to  mass  of  the  thermo- 
stat and  to  vibration  experienced  on  all  airplanes.  All  modern  controls 
use  some  type  of  bridge  system  with  temperature  sensitive  resistors  as 
sensing  elements.  In  sonie  types  of  controls,  the  bridge  system  feeds  a 
sensitive  balanced  relay,  which  in  turn  runs  a  modulating  motor  or  controls 
an  on-off  power  relay.  A  recent  sensitive  and  qluckly  responding  type 
uses  an  electronic  amplifier,  which  in  turn  controls  a  two-phase  motor,  or, 
through  relays,  controls  a  d-c  motor,  or  merely  closes  and  opens  a  power 
relay  for  on-off  applications. 


970  CHAPTER  47  19SO  Guide 

In  addition  to  extreme  speed  and  accuracy  which  are  required  of  all  air- 
craft temperature  controls,  they  must  be  ^able  to  operate  under,  great  ex- 
tremes of  temperature,  pressure  and  humidity,  and  also  withstand  contin- 
uous extreme  vibration.  Heaters  should  have,  in  addition  to  control  from 
thermostats,  suitable  limit  controls  to  prevent  over-heating  due  to  failure 
of  air  supply,  or  for  any  reason.  Also,  there  should  be  safety  devices  to  shut 
off  fuel  in  case  of  flame  failure. 

On  the  latest  high  speed  jet  airplanes,  the  temperature  control  problem  is 
still  more  severe  than  on  the  latest  transports;  as  in  addition  to  the  accuracy 
required,  control  response  must  be  phenomenally  fast.  For  example,  on 
some,  the  air  going  to  the  cabin  from  the  jet  engine  compressor  can  change 
the  temperature  at  the  rate  of  150  deg  per  second.  This,  coupled  with  the 
fact  that  on  smaller  size  pursuit  ships  air  is  changed  in  the  cabin  as  much 
as  four  times  per  minute,  makes  the  instantaneous  sensing  of  change  and 
an  extremely  rapid  control  movement  essential.  Also,  in  airplanes  operat- 
ing at  Mach  numbers  in  excess  of  0.7,  the  control  must  react  to  the  large 
adiabatic  temperature  rises  encountered.  Some  of  these  problems  are  so 
new  that  controls  still  have  not  been  developed  to  meet  all  of  the  desired 
conditions.  However,  present  studies  being  made  by  control  manufac- 
turers should  result  in  developments  of  such  controls  in  the  near  future. 

SHIP  AIR  CONDITIONING 

In  air  conditioning  a  ship,  the  designer  is  faced  with  all  problems  that 
would  normally  arise  on  shore  installation  plus  additional  factors. 
Mechanical  ventilation  is  an  absolute  necessity  for  the  comfort  of  passengers 
and  ships'  personnel,  and  for  utility  and  preservation  of  cargo  and  stores. 
Ships  are  constructed  with  water-tight  bulkheads  dividing  the  vessel  into 
several  compartments.  This  complicates  the  running  of  duct  work  and 
results  in  a  multiplicity  of  both  supply  and  exhaust  fans.  Temperature 
and  humidity  requirements  of  various  spaces  aboard  ship  vary  widely. 
Passenger  staterooms  an,d  public  spaces  must  have  year-round  air  condi- 
ditioning  which  is  also  being  applied  more  and  more  to  the  quarters  of  the 
officers  and  crew.  Bo.iler  rooms,  galleys,  laundries,  etc.,  must  have  venti- 
lation, and  some  must  have  tempered  air.  Cargo  spaces  are  quite  likely 
to  need  dehumidification  in  addition  to  ventilation. 

Inasmuch  as  ventilation  is  such  a  necessary  factor  aboard  a  ship,  the 
majority  of  recently  built  vessels  have  been  utilizing  the  air  distribution 
system  for  heating  purposes.  . 

A  ship  is  a  self-contained  structure  quite  likely  to  be  away  from  repair 
ports  for  long  periods.  Adequate  spare  parts,  therefore,  form  an  integral 
part  of  equipment  furnished.  .  The  same  type  of  equipment  should  be 
used  in  as  many  places  as  possible  throughout  the  ship,  in  order  to  reduce 
the  number  of  spare  parts  to  be  carried. 

Preliminary  system  design  is  simplified  by  uniformity  of  conditions 
which  apply  to  most  ships.  Among  such  conditions  are:  (1)  the  necessity 
for  the  vessel  tp  supply  its  own  power,  (2)  the  availability  of  an  unlimited 
supply  of  low  cost  steam  at  suitable  pressure,  (3)  limitations  of  available 
sj>ace  and  permissible  weight. 

The  problem  of  heat  transfer  and  insulation  must  be  given  careful  con- 
sideration. The  thermal  conductivity  of  ship  building  material,  such  as 
steel,  copper  and  brass,  is  many  times  the  value  of  building  material  used 
ashore.  The  length  of  ducts  between  heat  sources  and  fans  necessitate 
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extra  duct  ^  insulation.  Hull  insulation  must  be  of  high  quality,  with 
attention  given  to  fireproofness,  low  density,  low  thermal  conductivity, 
fuggedness,  vermin  resistance,  and  ease  of  application.  Board  types  are 
most  common. 

Duct  insulation  must  have  the  same  characteristics  as  hull  insulation. 
Semi-rigid  and  rigid  board  are  most  common.  Corrugated  asbestos  is  not 
used  because  in  the  presence  of  moisture,  it  tends  to  disintegrate.  There 
is  a  growing  use  of  natural  cork  on  chilled  air  ducts  because  of  great  diffi- 
culty in  applying  an  adequate  vapor  seal  due  to  space  limitations. 

SHIP  HEATING  AND  VENTILATING 

It  is  usually  most  economical  in  weight  and  space  to  use  steam  duct 
heaters  for  heating  spaces  served  by  mechanical  supply  systems.  Spaces 
which  do  not  have  mechanical  supply,  or  do  not  require  ventilation  in  cold 
weather,  are  heated  by  steam  convectors  or,  where  the  load  is  large,  by 
unit  heaters.  Ventilation  air,  except  that  supplied  to  auxiliary  and  main 

TABLE  1.    DESIGN  CONDITIONS  FOB  SHIPS 


AREA 

OUTSIDE  DESIGN  TEMPERA-TURKS 

INSIDS  CONDITIONS 

Heat- 
ing 

Ventilating 

Cooling  ' 

DB& 
R,H. 

Effective 
Temp. 

F 

F 

F 

F      % 

F 

Living  Quarters.  .  . 
Public  Spaces  
Naval  Vessels  

0 
0 

4-10 

95 
95 
88  (DB)  80  (WB) 

95  (DB)  80  (WB) 
95(DB)  80(WB) 
88(DB)  80(WB) 

80    50 
80    55 
85    50 

73-74 
731-744 
75-78 

machinery  spaces,  is  usually  preheated  to  temperatures  of  50  to  70  K 
No  recirculation  is  used  in  ventilation  and  heating  systems,  but  a  manual 
reduction  (25  to  50  per  cent)  of  air  quantity  is  made  during  the  heating 
cycle.  All  heaters  are  automatically  controlled,  and  preheaters  are  de- 
signed and  installed  to  minimize  possibility  of  freezing  of  condensate. 
Preheaters  are  frequently  located  close  to  the  outside  air  intake  in  order 
to  conserve  insulation  and,  for  the  same  reason,  zone  reheaters  are  located 
as  close  as  possible  to  each  zone,  Where  a  reheater  serves  only  one  space, 
ft  is  commonly  located  in  the  space. 

Combinations  or  variations  of  duct  type  and  convection  or  radiant 
heaters  are  used,  depending  upon  basic  design  requirements,  such  as  weight 
and  space  limitations,  and  the  economic  justification  of  the  cost  of  the  type 
selected. 

Because  of  many  different  requirements  of  various  spaces  aboard  ship 
some  design  temperatures  and  humidities  are  given  in  Table  1.  The 
resulting  quantities  of  air  should  be  checked  against  typical  heating  and 
ventilation  practices  for  ships.* 

Machinery  Spaces 

The  prime  purpose  of  machinery  space  ventilation  is  to  maintain  a 
habitable  temperature  for  the  operating  personnel  It  is  more  practicable 
to  use  spot  coding  of  personnel  at  working  areas  than  to  attempt  to  obtain 
uniform  ambient  temperature.  The  permissible  temperature  rise  (above 


*  See  Ventilation  and  Heating  of  Maritime  Commission  Ships,  by  J.  W.  Markert  (Heating  and  Ventitot- 
inf,  Feb.  1943,  p.  333). 
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outside)  at  working  stations  is  usually  15  deg,  while  the  overall  temperature 
rise  is  usually  between  30  and  50  deg. 

These  spaces  must  be  exhausted  adequately,  preferably  by  mechanical 
means.  Every  attempt  should  be  made  to  remove  air  at  or  close  to  the 
heat  sources.  The  capacity  of  the  mechanical  exhaust  systems  ^  should  be 
greater  than  the  supply,  taking  into  consideration  the  expansion  of  the 
supply  air,  to  insure  an  indraft  through  access  openings  to  the  space. 

Heat  is  not  required  for  machinery  spaces,  except  for  those  fitted  with 
electrically  operated  equipment,  which  may  remain  inactive  during  periods 
while  in  port  when  heating  to  about  50  F  will  be  required. 

Living  Spaces 

The  minimum  quantity  of  ventilation  air  required  for  any  Bleeping  or 
office  space,  including  hospital  space,  should  be  that  which  will  limit  the 
temperature  rise  over  the  outside  air  to  not  more  than  10  deg  (a  rise  of 
7  deg  is  more  satisfactory),  or  a  minimum  of  30  cfm  per  person,  whichever 
is  the  greater, 

In  spaces  fitted  for  eating,  recreation,  or  manual  work,  the  rise  may  be 
taken  at  10  deg  with  ntot  less  than  20  cfm  per  person.  The  same  require- 
ment applies  t'o  mechanical  exhaust,  although  natural  exhaust  may  be  used 
where  only  a  short  ran  of  duct  exists. 

Heat  should  be  furnished  to  maintain  the  following  temperatures : 

Staterooms,  Berthing,  Messing  and  Office  Spaces 70  F 

Working  Spaces  and  Shops 60  F 

Hospital  Spaces 75  to  78  F 

Toilets,  Washrooms,  Showers  and  Baths 

Spaces  for  these  purposes  should  be  fitted  with  mechanical  exhaust  ven- 
tilation for  odor  and  steam  removal.  Usually,  the  surrounding  living  or 
working  spaces  are  exhausted  through  them.  Air  requirements  on  mer- 
chant vessels  are  commonly  estimated  on  the  basis  of  a  complete  air  change 
in  4  min.  Where  the  available  air  is  limited  by  outside  air  requirements 
of  air  conditioning  systems,  a  lesser  quantity  (one  change  in  6  min)  is  used 
for  private  bathrooms.  Heat  is  obtained  by  use  of  convector  radiators 
which  should  maintain  a  temperature  of  70  F. 

Galleys,  Bakeries,  Laundries,  and  Food  Handling  Spaces 

The  problem  of  the  ventilation  of  spaces  fitted  for  cooking  and  food, 
preparation  is  primarily  one  of  heat  and  smoke  or  fume  removal.  Com- 
plete mechanical  exhaust  is  always  provided,  and  the  mechanical  supply 
is  made  equivalent  to  at  least  50  per  cent  of  the  exhaust.  Sufficient  natural 
supply  to  provide  an  indraft  is  required.  The  exhaust  quantities  should 
be  predicated  on  restricting  the  ambient  temperature  rise  to  15  deg  above 
the  outside  summer  design  air  conditions.  The  resulting  quantity  will 
change  the  air  in  these  spaces  in  about  23  sec  to  1  min.  All  of  the  exhaust 
should  be  arranged  to  remove  air  from  the  space  through  hoods  fitted  over 
the  heat  producing  equipment.  The  tempered  mechanical  supply  should 
blow  air  directly  on  the  personnel,  but  away  from  tjhe  equipment,  to 
minimize  interference  with  the  flow  of  exhaust  air  to  the  hoods. 

The  problem  of  ventilating  laundries  is  somewhat  similar  to  that  for^ 
galleys.  ^  The  exhaust  should  be  about  20  per  cent  greater  than  supply  to 
insure  air  indraft.  Supply  air  is  generally  heated  to  a  temperature  of  from 
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45  to  60  F.    Ventilation  should  be  sufficient  to  change  the  air  in  the  spaces 
in  1  to  4  min. 

Storerooms  and  Cargo  Spaces 

The  ventilation  provided  for  these  spaces  depends  on  the  type  of  vessel, 
location  of  space,  and  nature  of  cargo. 

Ventilation  is  required  for  all  closed  spaces.  Even  if  ventilation  is  not 
necessary  to  preserve  the  stores  or  cargo,  it  is  required  to  prevent  the 
accumulation  of  toxic  or  combustible  gases  and  odors.  One  air  change  in 
15  to  30  min  is  common  practice,  except  where  inflammable  liquids  or 
proximity  to  hot  spaces  requires  additional  ventilation.  Mechanical  sup- 
ply and  natural  exhaust  are  usually  used.  However,  where  inflammable 
gases  may  exist,  natural  supply  and  mechanical  exhaust  are  provided. 

Many  ships  are  fitted  with  dehumidification  facilities  for  eliminating 
damage  to  the  dry  cargo  by  preventing  condensation  and  dampness.  The 
dehumidification  load  consists  of  moisture  removed  from  the  ventilation 
air  passed  through  the  dehumidifier,  plus  the  moisture  on,  or  given  off  by, 
the  cargo,  packaging,  dunnage,  battens,  and  other  materials  in  the  ship's 
holds.  The  most  severe  outside  condition  requires  a  moisture  removal 
of  90  grains  (140-50)  per  pound  of  dry  air,  with  88  F  cooling  water.  The 
largest  cargo  ships  are  provided  with  equipment  for  removing  about  250 
Ib  of  water  per  hour. 

The  dehumidification  systems  generally  utilize  silica  gel  or  lithium  chlor- 
ide with  inhibitor  (see  Chapter  37).  In  most  cases  central  drying  equip-  - 
ment  is  provided.  On  large  passenger  ships  consideration  is  given  to  the 
use  of  two  dehumidifying  units,  because  the  cargo-carrying  spaces  are 
usually  concentrated  at  the  extreme  ends  of  the  vessel.  A  simple  duct 
system  distributes  the  dry  air  to  the  hold  supply  ventilation  system-  These 
ventilation  systems  use  outside  air  when  weather  conditions  are  favorable. 
Recirculation  and  dehumidification  are  used  only  when  necessary,  i.e., 
when  the  weather  dew-point  approaches  or  exceeds  the  temperature  in 
the  hold.  Two  control  stations  are  generally  provided,  one  in  machinery 
space  and  one  in  chart  or  wheelhouse.  These  stations  are  arranged  so  that 
either  may  change  the  cargo  conditioning  system  controls  from  use  of  out- 
side air  to  use  of  conditioned  air, 

SHIP  REFMGERATION 

The  kind  of  refrigeration  equipment  chosen  for  a  particular  vessel 
depends  on  the  same  factors  which  would  govern  selection  on  land. 

Small  tonnage  systems  use  reciprocating  or  radial  (Freon)  compressors. 
Ships  requiring  in  excess  of  approximately  125  tons  of  refrigeration  generally 
use  centrifugal  compressors.  Steam  jet  refrigeration  has  proven  satis- 
factory on  several  large  foreign  liners  and  is  being  seriously  considered  in' 
this  country  for  similar  applications.  The  two  essential  prerequisites  of 
the  steam  jet  (low-cost  steam  and  condenser  cooling  water)  are  available. 

The  type  of  equipment  used  for  the  refrigerated  cargo  space^  will  de- 
termine the  equipment  to  be  used  for  air  conditioning.  This  consideration 
can  reduce  materially  the  overall  cost,  because  a  stand-by  unit  is  always 
provided  for  cargo  refrigeration. 

AIR  CONDITIONING  SPACE  TREATMENT  FOR  SHIPS 

The  application  of  air  conditioning  to  new  American  passenger  ships  is 
well  established.  All  passenger  staterooms,  except  steerage  and  third 
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class,  are  usually  air  conditioned.  This  includes  staterooms  for  ship's 
personnel  and  offices  within  conditioned  passenger  ^  areasQThird  ^  class 
staterooms  are  air  conditioned  on  some  ships,  depending  on  the  particular 
trade.  Theaters,  lounges,  smoking  rooms,  beauty  shops,  barber  shops  and 
similar  closed  public  spaces  are  usually  air  conditioned. 

All  raessrooms,  recreation  rooms,  officers'  offices,  crew's  inboard  rooms, 
and  those  having  fixed  portlights  are  usually  air  conditioned  on  passenger 
vessels.  The  treatment  depends  on  the  requirements  of  the  operator  and 
the  proposed  itinerary  of  the  vessel. 

SHIP  SYSTEMS  AND  CONTROLS 

The  types  of  comfort  conditioning  systems  used  to  date  generally  have 
followed  conventional  lines,  except  for  those  serving  staterooms,  offices, 
and  similar  small  spaces.  Large  public  spaces  are  fitted  with  individual 
systems  which  supply  dehumidified  and  cooled  air  during  the  cooling  cycle, 
and  warm  air  during  the  heating  cycle.  In  many  cases  these  rooms  are 
fitted  with  large  glass  windows  and  doors,  and  require  direct  radiation  to 
offset  the  downdraft  which  would  occur  in  cold  weather.  Einned-tube 
radiation  running  the  full  length  of  the  glass  area  is  commonly  used  for 
this  purpose.  Introduction  of  warm  air  at  the  sill,  in  lieu  of  direct  radi- 
ation, is  also  used. 

Systems  serving  most  public  spaces  are  designed  to  provide  all  outside 
•  air  as  long  as  the  refrigeration  load  is  less  than  the  capacity  of  the  cooling 
equipment.  Many  central  systems  are  simplified  by  using  100  per  cent 
outside  air  all-year-round.  The  important  problem  in  ship  air  conditioning 
concerns  the  treatment  of  the  small  spaces  such  as  passenger  staterooms, 
offices,  and  crew  quarters.  Low  headroom,  congested  quarters,  double 
berths,  and  unsymmetric  arrangements  make  each  space  a  problem  in  air 
distribution  and  treatment. 

The  simplest  system  used  for  small  spaces  consists  of  a  central  filter 
bank,  supply  fan,  preheater,  and  cooling  and  dehumidifying  coil.  The 
preheater  steam  valve  and  cooling  coil  water  valve  are  controlled  in 
sequence  by  a  duct  thermostat,  in  the  fan  discharge,  set  to  maintain  a 
constant  outlet  air  temperature.  Zone  reheaters  are  provided  to  take 
care  of  variations  in  heating  loads.  The  reheater  steam  valve  is  controlled 
by  a  sub-master  thermostat  at  the  reheater  outlet.  Control  of  room  tem- 
perature is  obtained  by  operating  manual  dampers  in  the  air  supply  to  the 
space.  A  recirculation  exhaust  fan  is  frequently  provided,  and  operates 
in  conjunction  with  automatic  dampers  to  utilize  the  maximum  quantity 
of  outside  air  consistent  with  capacity  of  the  cooling  coils. 

One  system  utilizes  the  same  central  supply  equipment  and  recirculation 
exhaust  system  as  the  one  just  described,  except  that  zone  reheaters  are 
replaced  by  individual  space  hot  water  reheaters.  Each  reheater  is  pro- 
vided with  a  control  valve,  controlled  by  room  thermostat.  Generally,  a 
forced  circulation  single  pipe  hot  water  system  is  used.  Fig.  1  shows  a 
diagrammatic  arrangement  of  this  system.  It  should  be  noted  that  reheat 
is  used  to  eliminate  overcooling  of  the  individual  spaces  during  mild  cooling 
conditions.  This  system  is  generally  used  for  staterooms  and  small  spaces 
devoted  to  first  and  second  class  passengers.  The  average  total  air  per 
person  is  about  60  cfm,  and  average  outside  air  per  person  is  about  18  cfm. 

A  third  system,  used  to  a  limited  extent,  is  similar  to  the  system  just 
described,  except  that  each  room  is  provided  with  an  induction  unit  (floor 
type  where  possible)  which  reheats  the  primary  air  supply.  Control  of 
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FIG.  1,  ARRANGEMENT  OF  AIR  CONDITIONING  SYSTEM  WITH  CENTRAL 
SUPPLY  EQUIPMENT  AND  INDIVIDUAL  HOT  WATER  ROOM  REHEATERS 

heating  coil  in  the  induction  unit  is  tfce  same  as  noted  for  the  system  de- 
scribed in  the  previous  paragraph.  The  average  primary  air  supply  is 
about  40  cfm  per  person.  Recirculation  is  not  always  used.  The  amount 
of  induced  air  varies  with  unit  design. 

A  fourth  less  common  arrangement  is  similar,  but  makes  use  of  hot  water 
in  the  induction  unit  in  winter  and  cold  water  in  the  induction  unit  in 
summer.  Control  of  the  valve  on  the  unit  is  obtained  by  use  of  a  summer- 
winter  type  thermostat.  The  unit  is  provided  with  drip  pan  and  drain 
piping  to  remove  condensation.  No  recirculation  is  used. 

On  cargo  ships,  tankers  and  vessels  not  carrying  passengers  or  not  having 
air  conditioning,  heating  of  crews'  spaces  and  officers'  staterooms  is  usually 
obtained  through  a  central  system  having  filters,  preheaters  and  reheaters. 
A  minimum  temperature  of  air  leaving  the  preheater  is  controlled  by  a  duct 
thermostat.  The  reheater  is  controlled  by  a  sub-master  discharge-duct 
thermostat,  reset  by  outside  master  control.  Relationship  between  sub- 
master  and  master  control  (wherein  discharge  temperature  is  raised  as 
outdoor  temperature  drops),  is  set  according  to  a  schedule  based  on  the 
ship's  itinerary. 

Duct  work  for  all  systems  described  is  designed  for  conventional  velocity. 
However,  if  power  is  available,  high  velocity  systems  may  be  used,  pro- 
viding suitably  strong  duct  construction  and  adequate  sound  absorbing 
facilities  are  provided. 
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Estimate  of  Demand  Load  and  Pipe  Capacity,  Sizing  Cold  Water  Supply  Piping, 

Cooling  Water  Piping,  Heating  Load  and  Storage  Capacity,  Methods  of 

Heating  Water,  Computing  Heat  Transmitting  Surface,  Hot  Water 

Supply  Piping,  Control  of  Service  Water  Temperature,  Safety 

Devices,  Solar  Water  Heaters;  Domestic  Hot  Water  by 

Heat  Pump 

PROPER  design  of  the  water  distributing  system  in  a  building  is  neces- 
sary in  ^order  that  the  various  fixtures  may  function  properly.  The 
amount  of  either  hot  or  cold  water  used  in  any  building  is  variable,  de- 
pending on  the  type  of  structure,  usage,  occupancy,  and  time  of  day.  It 
is  necessary  to^  provide  piping,  water  heating,  and  storage  facilities  of 
sufficient  capacity  to  meet  the  peak  demand  without  wasteful  excess  in 
either  piping  or  equivalent  cost.  Many  of  the  data  on  the  sizing  of  the 
water  supply  pipes  have  been  taken  from  various  reports  of  the  National 
Bureau  of  Standards.1 

ESTIMATE  OF  DEMAND  LOAD  AND  PIPE  CAPACITY 

The  demand  load  in  building  water  supply  systems  cannot  be  deter- 
mined exactly  and  is  not  readily  standardized.  The  two  main  problems 
to  be  considered  are:  (1)  the  satisfactory  supply  of  water  for  a  given 
fixture  and  (2)  the  number  of  fixtures  which-  may  be  assumed  to  be  in 
use  at  the  same  time. 

The  minimum  flow  that  will  be  satisfactory  to  the  consumer  depends 
greatly  on  the  consumer,  his  standard  of  living,  his  professional  needs, 
size  of  family,  garden  requirements  and  similar  factors.  Depending  on 
these  factors,  per  capita  water  consumption  for  domestic  use  usually  varies 
between  30-80  gal  per  day. 

Table  1  gives  the  rate  of  flow  desirable  for  many  common  types  of 
fixtures,  and  the  average  pressure  necessary  to  give  this  rate  of  flow. 
The  pressure  necessarily  varies  with  fixture  design;  with  some,  a  much 
greater  pressure  is  necessary  to  give  the  same  rate  of  flow  than 
with  others.  In  general,  the  lower  the  quality  of  the  faucet  the  greater 
will  be  the  pressure  required. 

In  estimating  the  load,  the  rate  of  flow  is  frequently  computed  in  fixture 
units.  One  fixture  unit  is  equivalent  to  7.5  gal  per  min.  Table  2  gives 
the  demand  weights  in  terms  of  fixture  units  for  different  plumbing  fix- 
tures under  several  conditions  of  service,  and  Fig.  1  gives  the  estimated 
demand  in  gallons  per  minute  corresponding  to  any  total  number  of  fix- 
ture units.  Fig.  2  shows  an  enlargement  of  Fig.  1  for  a  range  up  to  250 
fixture  units. 

The  estimated  demand  load  for  fixtures  used  intermittently  on  any 
supply  pipe  will  be  obtained  by  multiplying  the  number  of  each  kind  of 
fixture  supplied  through  that  pipe  by  its  weight  from  Table  ,2,  adding 
the  products,  and  then  referring  to  the  appropriate  curve  of  Figs.  1  or  2 
to  find  the  demand  corresponding  to  the  total  fixture  units;  In  using 
this  method  it  should  be  noted  that  the  Demand  for  fixture  or  supply 
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TABL®  1.    PBOPSB  FLOW  AND  PESSSUBE  REQTJIKED  DURING  FLOW  FOB  DIFFERENT 

FIXTURES 


FIXTUBB 

FLOW 

PSESSUBlSa 

FLOW  gpm 

8 

3.0 

12 

2.5 

10 

4.5 

Sink  faucet  —  3  in                                  •         

5 

4.5 

Rathtub  faucet                        

5 

6,0 

5 

5.0 

12 

5.0 

Ball-cock  for  closet     .                      

15 

3.0 

10-20 

20-40b 

15 

15.0 

Garden  nose  50  ft  and  sill  cock     

30 

5.0 

a  Flow  pressure  is  the  pressure  in  the  pipe  at  the  entrance  to  the  particular  fixture  considered, 
b  Wide  range  due  to  variation  in  design  and  type  of  flush- valve  closets. 

outlets  other  than  those  listed  in  the  table  of  fixture  units  is  not  yet  in* 
eluded  in  the  estimate.  The  demands  for  outlets  (such  as  hose  connec* 
tions,  air  conditioning  apparatus,  etc.)  which  are  likely  to  impose  con- 
tinuous demand  during  times  of  heavy  use  of  the  weighted  fixtures,  should 
be  estimated  separately  and  added  to  the  demand  for  fixtures  used  in- 
termittently, in  order  to  estimate  the  total  demand. 

SIZING  COLD  WATER  SUPPLY  PIPING 

So  far,  the  information  presented  makes  possible  the  determination  of 
the  design  rate  of  flow  in  any  particular  section  of  piping.  The  next  gen- 
eral step  is  to  determine  the  size  of  piping. 

As  water  flows  through  a  pipe,  the  pressure  continually  decreases  along 
the  pipe,  due  to  loss  of  energy  from  friction.  The  problem  is  then  one  of 
ascertaining  the  minimum  pressure  in  the  street  main,  and  the  minimum 

TABLE  2.    DEMAND  WEIGHTS  OF  FIXTUEES  IN  FIXTUBE  UNITS* 


FIXTURE  OR  GROUP^ 

OCCUPANCY 

TYPE  OF  SUPPLY  CONTROL 

WEIGHT  IN 
FIXTURE 
UNITS" 

Water  closet  *«„  

Public.     

Flush  valve........    .    ........   . 

10 

Water  closet.,  _   .    

Public.-  ...   .... 

Flush  .tank.         t 

5 

Pedestal  urinal  _ 

Public. 

Flush  valve  

10 

Stall  or  wall  urinal       ...  «. 

Public  

Flush  valve 

5 

Stall  or  wall  urinaL  

Public..   _     

Flush  tank~.  

3 

Lavatory,  r.,n,.^rmi-,  „ 

Public.  -   .  ...        

Faucet 

2 

Bathtub  ..       .   

Public.  

Faucet.  .'    

4 

Shower  head  
Service  sink  

Public  

Office,  etc..   . 

Mixing  valve.  
Faucet  

4 
3 

Kitchen  sink  
-  Water  closet  

Hotel  or  restaurant  
Private.  ,  

Faucet  .  .  ...  
Flush  valve... 

4. 
6 

Water  closet  

Private.  .  

Fl  ush  tan  k.  

3 

Lavatory... 

Private      ,   . 

Faucet 

1 

Bathtub.,-  .      .   „  . 

Private.  

Faucet 

2 

Shower  head—.....  .....  „.., 
Bathroom,  group  

Private,  .  

Private     

Mixing  valve.  „  

Flush  valve  for  closet     

2 
8 

Bathroom  group.   

Private  

Flush  tank  for  closet 

6 

Separate  shower..       -   ....  

Private.  

Mixing  valve.  . 

2 

Kitchen  sink  

Private.-  , 

Faucet 

2  • 

Laundry  trays  (1-3)       -,  t 

Faucet.*.  ....... 

3 

Combination  fixture  

Private™  

Faucet  ...  »  „ 

3 

•  For  supply  outlets  likely  to  impose  continuous  demands,  estimate  continuous  supply  separately  and  add 
to  total  demand  for  fixtures. 

»  For  fixtures  not  Hated,  weights  may  be  assumed  by  comparing  the  fixture  to  a  listed  one  using  water  in 
similar  quantities  and  at  similar  rates.  * 

9  The  given  weights  are  for  total  demand.  For  fixtures  with  both  hot  and  cold  water  supplies  the  weurhts 
f or  masimuni  separate  demands  may  be  taken  aa  *A  the  listed  demand  for  the  supply. 
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No*  1  for  system  predominantly  for  flush  valves. 
No.  2  for  system  predominantly  for  flush  tanks, 

FIG  1.  ESTIMATE  CTTBVES  FOB  DEMAND  LOAD 

pressure  required  for  the  operation  of  the  topmost  fixture.  (A  pressure 
of  15  psi  is  ample  for  flush  valves,  but  reference  should  be  made  to  the 
manufacturers'  requirements.  A  minimum  of  8  psi  should  be  allowed  for 
other  fixtures.)  The  pressure  differential  thus  obtained  will  be  available 
for  overcoming  pressure  losses  in  the  distributing  system,  and  in  over- 
coming the  difference  in  elevation  between  the  water  main  and  the  highest 
fixture. 

The  pressure  loss,  in  pounds  per  square  inch,  caused  by  the  difference 
in  elevation  between  the  street  main  and  the  highest  fixture,  may  be  -ob- 
tained by  multiplying  the  difference  in  elevation  in  feet  by  0.43. 

When  water  flows  through  a  pipe,  friction  occurs  as  the  result  of  the 
sliding  of  water  particles  past  one  another.  If  the  pipe  wall  is  rough, 
the  roughness  projections  cause  additional  friction,  owing  to  the  develop- 
ment of  increased  turbulence  in  the  flowing  water.  As  the  water  ^  flows 
along  a  uniform  pipe,  the  pressure  decreases  as  a  result  of  a  dissipation  of 
energy  arising  from  the  internal  friction  set  up  by  viscosity  of  the  water. 
This  loss  in  energy  is  shown  by  the  loss  of  pressure.  The  pressure  loss 
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FIG.  3.  FLOW  CHAKT  TOR  COPPEB  TUBING 

is^proportional  to  the  length  of  straight  uniform  pipes,  and  varies  greatly 
with  flow  velocity,  pipe  diameter,  and  roughness  of  pipe. 

On  the  basis  of  inside  surface  conditions,  pipes  may  be  classified  as 
smooth,  fairly  rough  and  rough,  as  follows: 

Smooth.  The  pipe  surface  shows  no  perceptible  roughness.  Pipes  mude  of 
copper,  brass  or  lead  may  usually  be  classified  as  smooth, 

Fairly  Rough.  All  ordinary  pipes,  such  as  wrought  iron,  galvanized  iron,  steel 
and  cast  iron,  after  a  few  years  of  usage,  may  be  called  fairly  rough. 
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FIG.  4.  FLOW  CHART  FOB  FAIBLT  ROUGH  PIPE 

Rough.  Pipes  that  have  deteriorated  fairly  rapidly  for  some  10  or  15  years  after 
being  laid,  are  classified  as  rough. 

Figs.  3,  4  and  5  give  the  pipe  friction  losses  corresponding  to  these  three 
types  of  pipes  for  various  nominal  diameters.2 

Example  1.  A  2J  in.  fairly  rough  pipe  supplies  100  gpm  of  water.  Find  the 
friction  loss  in  head  if  the  pipe  length  is  200  ft. 

Solution.  Enter  Fig.  4  at  100  gpm,  and  move  along  this  line  until  it  intersects 
the  2|  in.  diameter  line.  From  this  intersection  point,  move  vertically  down  and 


982 


CHAPTER  48 


1950  Guide 


FRICTION  LOSS  IN   HEAD  IN  L8S.  PER  SQ.  SN.  PEtf  100  FT.  LENGTH 

20    3040506080100 


10000 
8000 

6000 
5000 
4000 
3000 

2000 

1000 
80O 
U  600 

fcjsoo 

Z40O 
2  300 

£200 

o  100 

j    80 
0     60 

-    40 

§30 

d  20 

10 

i 

J**  ,i3  .< 

X3IOOOO 

ROl 

JGH 

--_^ 

--  8000 
-  •  coon 



— 

n 

sT-.  .,^- 

5,^^- 

-: 

--  5000 
-  -  4000 

- 

1^,  A 

r-p 

,^ 

""V^ 

X" 

V 
\ 

>4 

^ 

~\ 

i 

V    >y^ 

^ 

xV 

^- 

d''"^ 

^c 

2OOO 

^ 

^ 

A 

V 

\ 

»•*" 

^ 

xx 

V 

O; 

\ 

\ 

2>   ^C 

\ 

x^ 

^ 

x^\ 

•^ 

::  1000 

^- 

"ZL  

£y£ 

-_J^ 

V 

C'*7" 

^^ 

-^? 

-^ 

V" 

**  800 

^x1" 

J? 

^ 

•"        % 

\ 

& 

>  "^      1 

^^ 

\ 

^ 

S3 

-  -  600  L 

\ 

**  ~- 

-.AX 

•*•* 

V- 

E- 

r  ^ 

^-, 

~\  

T-  x*  *" 

-  -  5 

—  (^ 

-  :  500  t: 

"x7" 

^ 

<:!!.n 

-v 

elL 

—  E- 

f:-— 

^•- 

—  x^ 

X 

^ 

\^0 

--400  = 
,-              ; 

-  -  300  2 

^x 

^x 

r    \ 

vx 

xi  ^•'' 

x* 

\ 

S5* 

V 

xx 

\^     ^ 

"^r 

\ 

xx*V 

x^ 

I*  ^x 

—  !i 

x\" 

\ 

•  * 

^X\ 

V   ^ 

71 

x^ 

rt- 

3 

0 

"\ 

x^ 

V 

'\5V 

^c" 

V 

"^ 

v 

x' 

^ 

.     .x 

x" 

x^ 

^ 

x**  

\' 

^ 

s, 

x^ 

x 

nT 

>T  X 

5» 

.V 

\ 

J  *• 

xx' 

\ 

0 

?*  100   = 

_^ 

«>L 

CI-~ 

-- 

i^L_ 

p" 

L>-~ 

^r" 

A- 

-  ^xV 

—  i 

-"x7 

IK  _ 

--  80     - 

\  ^x  •*"* 

^xV 

V^P5 

\ 

,*• 

V  ^ 

•* 

\ 

*'    Kf\        * 

V 

s"  \ 

x     \ 

JP  .„ 

X 

^VX3" 

\ 

--50     *" 

~~x*" 

£  1 

^ 

_-_, 

^" 

S^H^ 

v^\ 

\  1- 

7" 

^  "  ^Lr»     2 

•^ 

^^x* 

^  «-• 

vc^ 

!*•  *>"*"1^  j 

\ 

**"^\ 

rT 

^  *vd)      — 

'  \X 

£v 

j^x 

\ 

^ 

\ 

\  <\ 

0/eJ 

V 

X1 

*^f»        3 

*\ 

x" 

L       ^X 

\ 

x^ 

^ 

^•^ 

^ 

\  tfx 

^ 

** 

^f 

^   J 

xx^" 

\ 

£T 

<     x*X 

4 

V 

x-7 

i  ^ 

XX 

s 

yx 

V 

x 

vo 

xl 

X' 

\ 

\ 

--20     £ 

x"" 

'  \ 

lxx" 

'''\ 

V 

^ 

>    ^ 

x 

V 

'x  \ 

\ 

3) 

K\ 

/•^ 

\ 

»f* 

rf* 

\ 

\ 

'•X18 

\ 

\ 

x 

1  0 

8 

6 

5 
4 

^^ 

•X*^ 

^ 

\ 

x^" 

V" 

-~  8 

IT" 

V 

X           ^ 

x""** 

s. 

S       -X^ 

*,y 

S 

^**  ^? 

x  ^ 

x1 

'*C  ^ 

\ 

^^ 

J 

'*\^ 

X    ) 

^x 

A 

^  •? 

.    ^x^ 

V 

ci 

V 

V 

J&  "* 

.X" 

x* 

i  " 

> 

**  "  5T 

\ 

\ 

JUL.           ^j,     ,01 

3 

«iiC 

^* 

x* 

"A 

\ 

\  ^f 

x  \ 

\ 

x     0 

x*^ 

SL-''X 

\ 

x^ 

\ 

V 

rxx 

\ 

• 

^/fe 

-£" 

«? 

x^ 

X 

/  "> 

V 

x^1^ 

\ 

x^> 

> 

\ 

**  '^1 

x' 

^ 

^  \ 

\ 

x 

\ 

>^" 

! 

x-*" 

-,< 

,*'     • 

\ 

\ 

\ 

^C 

--  n 

Q8 

^>r 

~\ 

"Ixx 

\~ 

^_^ 

ci  — 

•-0.8 

0.6 
0.5 

^fX*" 

<- 

s 

x- 

x"* 

X 

--  Q5 

04 

*--  — 

-Vp> 

x^1^ 

•-  04 

<^3 

*£.       -. 

-.03 

OJ  .2     ^    .4.5.6   ,81  2      3    4  56    8  10          20    304050608010. 

FR1CT1.0N  LOSS  IN    HEAD  IN  LBS,  PER   SQ.  IN.   PER    100  FT  LENGTH 

FIG.  5.  FLOW  CHABT  FOB  ROT^GH  PIPU 

read  4,5  psi  friction  loss  per  100  ft  of  pipe  length.    Then  the  total  friction  loss  will 
be  2  x  4.5  »  9  psi. 

The  pressure  losses  in  the  distributing  system  will  consist  of  the  pressure 
losses  in  the  piping  itself,  plus  the  pressure  losses  in  the  pipe  fittings, 
valves  and  the  water  meter,  &  any.  Estimated  pressure  losses  for  disc-type 
meters  for  various  rates  of  flow  are  given  in  Fig.  6, 

Fig.  7  shows  the  variation  of  pressure  loss  with  rate  of  flow  for  various 
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FIG.  6.  PEBSSUBE  LOSSES  IN  WATBB  METBKS 

types  of  faucets  and  cocks,  based  on  experimental  data  obtained  at  the 
University  of  Iowa. 

Flow  limits  for  disc-type  meters,  which  may  be  regarded  as  the  limits 
of  recommended  ranges  in  capacities,  are  given  in  Table  3*  For  informa- 
tion on  other  types  of  meters,  the  manufacturers  should  be  consulted. 

The  loss  of  pressure  through  any  fitting  or  valve  can  be  expressed  in 
pounds  per  square  inch  for  any  given  rate  of  flow.  Experience  has  shown, 
however,  that  the  simplest  method  of  expressing  losses  in  fittings  and 
valves  is  to  use  the  concept  of  an  equivalent  length  of  straight  pipe.  Thus 
it  has  been  found  that  a  1  in,,  90  deg  elbow  introduces  a  loss  equivalent 


LOSS -POUNDS    PER      SQ.    IN. 


FIG.  7.  VAEIATION  OF  PBESSTTEB  Loss  WITH  RATE  OP  FLOW  FOB  VARIOUS  FAUCETS 

AND  COCKS 


E.  Combination  compression  sink  faucet. 

F.  Basin  faucet. 

llT  H™com^sTon^kTaucet  (Mfr.  1).  G.  Spring  seH-closmg  faucet. 

C-2.  I  in.  compression  sink  faucet  (Mfr.  2).  H.  Slow  self-closing  faucet. 

D.  Combination  compression  bath  tub  faucets  (botn  open). 


A.  |  in.  laundry  bibb  (old  style), 

B.  Laundry  compression  faucet. 
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TABLB  3.    PERFORMANCE  REQUIREMENTS  OF  WATEB 


SIZE 

IN. 

NORMAL  TEST-FLOW  LIMITS 
GPM 

MINIMUM  TEST-FLOW 
GPM 

s/ 

1  to      20 
2  to       S4 
3  to       53 
5  to     100 

S  to     160 
16  to     315 

28  to     500 
48  to  1,000 

2 
4 
7 
12 

i^»""7!TT"Z         "  ^ 

2 

^ 

6  _  

*  American  Water  Works  Association  Standards: 

Registration.  The  registration  on  the  meter  dial  shall  indicate  the  quantity  recorded  to  be  not  leaa  than 
98  per  cent  nor  more  than  102  per  cent  of  the  water  actually  passed  through  the  meter  while  it  is  being  tested 
at  rates  of  flow  within  the  specified  limits  herein  under  normal  test  flow  limits:  There  shall  be  not  less  than 
90  per  cent  of  the  actual  Sow  recorded  when  a  test  is  made  at  the  rate  of  flow  set  forth  under  minimum  test 
flow. 

to  2.2  ft  of  straight  1  in.  pipe.  Therefore,  for  each.  1  in.,  90  deg  elbow, 
2.2  ft  of  1  in.  pipe  are  added  to  the  total  length  of  1  in.  pipe. 

Estimated  pressure  losses  for  pipe  fittings  and  valves  in  terms  of  equiva- 
lent pipe  length  are  shown  in  Table  4. 

Table  5  lists  the  equivalent  lengths  for  various  special  types  of  ap- 
paratus and  fittings.  The  loss  in  water  meters  varies  considerably  with 
the  design  even  in  meters  of  the  same  nominal  siae.  The  values  given  in 
Table  5  are  ample  for  the  well-known  meters  now  on  the  market. 

Example  $.  Assume  a  minimum  street  main  pressure  of  55  psi ;  a  height  of  topmost 
fixture  above  street  main  of  50  ft;  a  developed  pipe  length  from  water  main  to  highest 
fixture  of  100  ft;  a  total  load  on  the  system  of  50  fixture  units;  and  that  the  water 
closets  are  flush-valve  operated.  f  Find  the  required  size  of  supply  main. 

Solution.  From  Fig.  2  the  estimated  peak  demand  is  found  to  be  51  gpm.  From 
Table  3  it  is  evident  that  several  sizes  of  meters  would  adequately  measure  this  flow. 
For  a  trial  computation  choose  the  H  in.  meter.  From  Fig.  6  the  pressure  drop 
through  a  1J  in.  disc-type  meter  for  a  flow  of  5]  gpm  is  found  to  be  6.5  psi. 

Then  the  pressure  drop  available  for  overcoming  friction  in  pipes  and  fittings  is 
55  -  (15  +  50  X  0.43  +  6.5)  »  12  psi. 

At  this  point  it  is  necessary  to  make  some  estimate  of  the  equivalent  pipe  length 
of  the  fittings  on  the  direct  line  from  the  street  main  to  the  highest  fixture.  The 
exact  equivalent  length  of  the  various  fittings  cannot  now  be  determined  since  the 


TABLE  4. 


ALLOWANCE  IN  EQUIVALENT  LENGTH  OF  PIPE  FOR  FRICTION  Loss  IN 
VALVES  AND  THREADED  FITTINGS 


DIAMETER 
OP  FITTING 
IN. 

EQUIVALENT  LENGTH  OF  PIPE  FOR  VARIOUS  FITTINGS 

90  Deg 

Standard 
Ell 

Ft 

45  Peg 

Standard 
Ell 
Ft 

QODes 
Side  Tee 
Ft 

Coupling 
or  Straight 
Run  of  Tee 
Ft 

Gate 

Valve 
Ft 

Globe 
Valve 
Ft 

Angle 
Valve 
Ft 

J£ 

1 
2 
2.5 
3 
4 
5 
7 
8 
10 
12 
14 
17 
20 

0.6 
1.2 
1.5 
1.8 
2.4 
3 
4 
5 
6 
7 
8 
10 
12 

1.5 
3 

4' 
5 
6 
7 
10 
12 
15 
18 
21 
25 
30 

0.3 
0.6 
0.8 
0.9 
1.2 
1.5. 
2 
2.5 
3 
3.6 
4.0 
5 
6 

0.2 
0.4 
0.5 
0,6 
0.8 
1.0 
1.3 
1,6 
2 
2.4 
2.7 
3.3 
4 

8 
15 
20 
25 
35 
45 
55 
65 
80 
100 
125 
140 
165 

4 
8 
12 
15 
18 
22 
28 
34 
40 
50 
55 
70 
80 

1 
-_                    .. 

iJiULlJU 

2.  

aji.  --.  

3l!  
3J^.  
4.  
5.  ,  

6..^  
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TABLE  5.    EQUIVALENT  LENGTHS  OF  IKON  PIPE  TO  GIVE  SAMS  Loss  AS  SPECIAL 

FITTINGS  AND  APPARATUS 


FITTING  APPABATUS 

NOMIN 

AL  DlAMSTB 

B  OF  PlP®—] 

jffGHSB 

* 

f 

1 

U 

30-gal  Vertical  hot-water  tank,  J  in.  pipe..  . 
30-gal  Horizontal  hot-water  tank,  |  in.  pipe 
Water  meters  (No  valves  included) 
f  in.  with  J  in.  connections  

4 
1.2 

6.7 

17 
5 

28 

56 

16 

90 



f  in.  with  |  in.  connections  

4.8 

20 

64 

|  in.  with  |  in.  connections  

3.4 

14 

45 

1  in.  with  1  in.  connections  

9 

30 

115 

1J  in.  with  J  in.  connections  



4.4 

14 

54 

Water  softener  

50-200 

pipe  sizes  of  the  building  main,  riser,  and  branch  leading  to  the  highest  fixture  are  not 
known  as  yet,  but^a  first  approximation  is  necessary  in  order  to  make  a  tentative 
selection  of  pipe  sizes.  If  the  computed  pipe  sizes  differ  from  those  used  in  deter- 
mining the  equivalent  length  of  pipe  fittings,  a  recalculation  will  be  necessary,  using 
the  computed  pipe  sizes  for  the  fittings.  For  the  purposes  of  this  example  assume 
that  the  total  equivalent  length  of  the  pipe  fittings  is  50  ft. 

Then  the  permissible  pressure  loss  per  100  ft  of  equivalent  pipe  is  12  X  100/(100  + 
50)  *»  8  psi. 

Assuming  that  the  corrosive  and  caking  properties  of  the  water  are  such  that  Fig. 
4  for  fairly  rough  pipe  is  applicable,  a  2  in.  building  main  will  be  adequate. 

The  sizing  of  the  branches  of  the  building  main,  the  risers,  and  fixture  branches 
follow  the  principles  outlined.  For  example,  assume  that  one  of  the  branches  of  the 
building  main  carries  the  cold  water  supply  for  3  water  closets,  2  bath  tubs,  and  3 
lavatories.  Using  the  permissible  pressure  loss  of  8  psi  per  100  ft,  the  size  of  branch 
determined  from  Table  2  and  Figs.  1  and  4  is  found  to  be  1%  i^.  Items  entering  the 
computation  of  pipe  size  are  given  in  Table  6. 

The  principles  involved  .in  sizing  either  up-feed  or  down-feed  systems 
are  the  same.  The  principal  difference  in  procedure  is  that  in  the  down- 
feed  system,  the  difference  in  elevation  between  the  house  tank  and  the 
fixtures  provides  the  pressure  required  to  overcome  pipe  friction. 

The  water  demand  for  hose  bibbs  or  other  large  demand  fixtures  taken  off 
the  building  main  is  frequently  the  cause  of  inadequate  water  supply  to  the 
upper  floor  of  a  building.  This  condition  may  be  prevented  by  sizing  the 
distribution  system  so  that  the  pressure  drops  from  the  street  main  to  all 
fixtures  are  the  same.  It  is  good  practice  to  maintain  the  building  main 
of  ample  size  (not  less  than  1  in.  where  possible)  until  all  branches  to  hose 
bibbs  have  been  connected.  Where  the  street  main  pressure  is  excessive 
and  a  pressure  reducing  valve  is  used  to  prevent  water  hammer  or  exces- 
sive pressure  at  the  fixtures,  it  is  frequently  desirable  to  connect  hose 
bibbs  ahead  of  the  reducing  valve. 

TABLE  6.    COMPUTATION  OF  BRANCH  SIZE  IN  EXAMPLE  2 


FrXTtJRES  NO.  AND  ElND 

FDCTUBB  UNITS  (Faow  TABLE 
2  AND  NOTE  c) 

DEMAND 
(FKOM  FIG. 
2)G*M 

PIPE  SIZE 
(FROM  FIG. 
4)  IN. 

3  flush  valves            •   

3x6    -18 

2  bath  tubs                

f  (2  x  2)  «    3 

1  (3  x  1)  -    2.25 

Total              

23.25 

38 

1* 

986 


CHAPTER  48 


1950  Guide 


COOLING  WATER  PIPING 

Many  installations  such  as  cooling  towers^  refrigeration  systems  and 
condensers  require  an  adequate  supply  of  cooling  water. 

For  condensate  piping,  standard  weight  black  pipe  and  cast-iron  flanges 
are  generally  used. 

In  refrigeration  condensers,  where  water  is  the  cooling  medium,  iron 
pipe  is  commonly  employed.  The  friction  loss  may  be  determined  from 
Fig.  4  for  fairly  rough  pipe.  If  brine  is  the  cooling  medium,  a  correction 
for  density  should  be  applied.  It  has  been  found, that  a  water  velocity 
of  about  6  fps  gives  the  most  economical  results. 

TABLE  7.    MAXIMUM  DAILY  (24-HE)  REQUIREMENTS  FOR  HOT  WATEB  IN  GALLONS 
For  Apartments  and  Private  Homes 


No.  OP  ROOMS 

NUMBER  OP  BATHROOMS 

1 

2 

3 

4 

5 

1 

60 

—  . 





— 

2 

70 

— 

— 

— 

— 

3 

80 

— 

— 

— 

— 

4 

90 

120 

,  — 

—  . 

.  — 

5 

100 

140 

— 

— 

— 

6 

120 

160 

200 

— 

— 

7 

140 

180 

220 

__ 

—  «. 

8 

160 

200 

240 

250 

__ 

9 

180 

220 

260 

275 

— 

10 

200 

240 

280 

300 

— 

11 

260 

300 

340 

— 

12 

—  . 

280 

325 

380 

450 

13 

— 

300 

350 

420 

600 

14 

— 

— 

375 

460 

550 

15 

— 

— 

400 

500 

600 

16 

— 

— 

— 

540 

650 

17 

— 

•  — 

-u. 

580 

700 

18 

— 

.  — 

— 

620 

750 

19 

— 

—  . 

— 

— 

800 

20 

— 

— 

— 

— 

-  ,  850 

Hotels 


Gal  per  24  Hr 


Room  with  basin 

Room  with  bath—transient . 
Room  with  bath—- resident . . 

2  Rooms  with  bath 

3  Rooms  with  bath 

Public  shower 

Public  basins 

Slop  sink 


10 

50 

60 

80 

100 

200 

150 

30 


HEATING  LOAD  AND  STORAGE  CAPACITY 
The  maximum  daily  and  the  maximum  hourly  hot  water  demand  form 
the  basis  for  the  selection  of  the  heater  and  the  storage  tank.  Generally, 
in  the  residential  dwellings,  the  maximum  daily  hot  water  demand  will  be 
about  20-30  gal  per  person.  The  hot  water  used  will  ordinarily  depend 
on  the  number  of  rooms  and  the  number  of  bathrooms  in  any  house  or 
apartment. 

Table  7  gives  estimates  of  ,the  maximum  hot  water  requirements  in 
24  hr  in  various  types  of  buildings. 

In  estimating  the  size  of  hot  water  storage  tank  required,  and  the  heating 
capacity  to  be  provided  either  from  the  boiler  or  from  an  independent 
domestic  hot  water  heater,  it  is  necessary  to  know  the  total  quantity  of 
water  to  be  heated  per  day,  and  the  maximum  amount  which  will  be  used 
in  any  one  hour,  as  well  as  the  duration  of  the  peak  load. 

In  cases  where  the  requirements  for  hot  water  are  reasonably  uniform, 
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as  in  residences,  apartment  buildings,  hotels,  and  the  like,  smaller  storage 
capacity  is  required  than  in  the  case  of  factories,  schools  and  office  build- 
ings, where  practically  the  entire  day's  usage  of  hot  water  occurs  during  a 
very  short  period.  Correspondingly,  the  heating  capacity  must  be  pro- 
portionately greater  with  uniform  usage  of  hot  water  than  with  inter- 
mittent usage  where  there  may  be  several  hours  between  peak  demands 
during  which  the  water  in  the  storage  tank  can  be  brought  up  to  tempera- 
ture. As  a  general  rule  it  is  desirable  to  have  a  large  storage  capacity  in 
order  that  the  heating  capacity,  and  consequently  the  size  of  the  heater, 
or  the  load  on  the  heating  boiler,  may  be  as  small  as  possible. 

In  estimating  the  hot  water  which  can  be  drawn  from  a  storage  tank,  it 
should  be  borne  in  mind  that  only  about  75  per  cent  of  the  volume  of  the 
tank  is  available,  since,  by  the  time  this  quantity  has  been  drawn  off,  the 
incoming  cold  water  has  cooled  the  remainder  down  to  a  point  where  it 
can  no  longer  be  considered  hot  water. 

TABLE  8.    ESTIMATED  HOT  WATER  DEMAND  PER  PERSON  FOR  VARIOUS 
TYPES  OF  BUILDINGS 


TYKE  QP 
BUILDING 

HOT  WATER 
REQUIRED 

MAX.  HOURLY 
DEMAND  IN 
RELATION  TO 
DAY'S  USE 

DURATION 
OP  PEAK 
LOAD 
HOURS 

STORAGE 
CAPACITY  IN 
RELATION  TO 
DAY'S  USE 

HEATING 
CAPACITY  IN 
RELATION  TO 
DAY'S  USE 

Residences,  apartments, 
hotels,  etc. 

40  gal  per 
person  per  day* 

1/7 

4 

1/5 

1/7 

Office 
buildings 

2  gal  per 
person  per  day* 

1/5 

2 

1/5 

1/6 

Factory 
buildings 

5  gal  per 
person  per  daytt 

1/3 

I 

2/5 

1/8 

Bestaurants 

1.8  gal  per 
person  per  meaP 

1/10 

1/10 

Bestaurants 
3  meals  per  day 

1/10 

.      8 

1/5 

1/10 

Bestaurants, 
1  meal  per  day 

1/5 

2 

2/5 

1/6 

'»At  140  F  bAt  180  F 

Where  steam  from  the  heating  boiler  is  used  to  h6at  domestic  hot  water, 
the  computed  load  on  the  boiler  should  be  increased  by  4  sq  ft  EDR  (equiva- 
lent direct  radiatiorO  for  every  gallon  of  water  per  hour  heated  through  a 
100  deg  rise.  The  actual  requirement  is  (100  X  8.33)/240  =  3.48  sq  ft  per 
gal  of  water  heated  100  deg.  The  value  of  4  allows  for  transmission 
losses,  etc.  '  f  •, 

There  are  two  methods  in  common  use  for  estimating  the  hot  water 
requirements  of  a  building:  (1)  by  the  number  of  people  and  (2)  by  the 
number  of  plumbing  fixtures  installed.  Where  the  number  of  people  to 
be  served  can  be  reasonably  estimated,  the  data  in  Table  "8  may  be  used. 

Example  8.  From  Table  8,  a  residence  housing  five  people  would  have  a  daily 
requirement  of  5  X  40  =  200  gal  per  day,  and  a  maximum  hourly  demand  of  200  X  1/7 
«  28.5  gal.  The  heater  should  have  a  storage  capacity  of  200  X  1/5  «  40  gal,  and  a 
heating  capacity  of  200  X  1/7  «  28.5  gal  per  hr. 

The  conditions  given  in  Example  3  may  be  cited  as  average.  It  is  pos- 
sible to  vary  the  storage  and  heating  capacity  by  increasing  and  decreasing 
one  over  the  other.  Such  a  condition  is  Illustrated  in  Example  4. 

Example  4.  Assume  an  apartment  house  housing  200  people.  From  the  data  in 
Table  8:  Daily  requirements  «  200  X  40  «  8000  gal.  Maximum  hours  demand  •» 
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8000  X  1/7  =1140  gal.  Duration  of  peak  load  -  4  hr.  Water  required  for  4-hr  peak 
«  4  X  1140  =  4560. 

If  a  1000  gal  storage  tank  is  used,  hot  water  available  from  the  tank  =  1000^  X 
0.75  =  750.  Water  to  be  heated  in  4  hr  =  4560  -  750  -  3710  gal.  Heating  capacity 
per  hour  «  3710/4  «  930  gal. 

If  instead  of  a  1000  gal  tank,  a  2500  gal  tank  had  been  installed,  the  required  heating 


,j  u 
capacity  per  hour  would  be 


~  (2500  X  0*75) 

- 


, 

gai. 


Table  9  may  be  used  to  determine  the  size  of  water  heating  equipment 
from  the  number  of  fixtures.  To  obtain  the  probable  maximum  demand, 
multiply  the  total  quantity  for  the  fixtures  by  the  demand  factor  in  line 
11.  The  heater  or  coil  should  have  a  water  heating  capacity  equal  to  this 
probable  maximum  demand.  The  storage  tank  should  have  a  capacity 

TABLE  9.    HOT  WATER  DEMAND  PER  FIXTURE  FOB  VARIOUS  TYPES  OF  BUILDINGS 
Gallons  of  water  per  hour  per  fixture,  calculated  at  a  final  temperature  of  HOP 


APART- 
MENT 
HOUSE 

CLUB 

GYM- 
NASIUM 

HOS- 
PITAL 

HOTEL 

Irrotrs- 

TBIAt 

PUNT 

QmcB 
BTTII«D- 

INQ 

PRIVATE 
Ite- 

DENCH 

SCHOOL 

YJM. 

C.A. 

I.  Basins,  private  lavatory.  

2 

2 

2 

a 

3 

2 

2 

2 

3 

2 

2.  Basins,  public  lavatory.  

.     4 

6 

8 

c 

s 

12 

6 

15 

8 

3.  Bathtubs  .  .„.       ._ 

20 

20 

30 

20 

20 

30 

20 

30 

n 

4.  Dishwashers—    

15 

50-150 

50-150 

50-200 

20-100 

15 

20-100 

20-100 

5.  Foot  basins  ,  _..J. 

8 

3 

12 

3 

3 

12 

3 

3 

12 

6.  Kitchsn  sinlc-T.---Lfr^rrTT  r_ 

10 

20 

20 

20 

20 

.... 

10 

10 

20 

7,  Laundry,  stationary  tub&~_ 

20 

23 

.... 

2S 

28 

.... 

20 

24*' 

ST  Pantry  f?ink 

5 

10 

10 

10 

5 

ID 

10 

9.  Showers  

75 

150 

223 

75 

75 

225 

75 

225 

225 

10.  Slop  siuk.,  «.«..«.  ,„.. 

20 

20 

20 

ao 

20 

15 

15 

30 

20 

11.  Demand  factor  „  „.„  

0.30 

0.30 

0.40 

0.25 

0.25 

0.40 

0.30 

0.30 

0.40 

0.40 

12.  Storage  capacity  factors  — 

1.25 

0.90 

1.00 

0.60 

O.SO 

LOO 

2.00 

0.70 

1.00 

1.00 

*  Ratio  of  storage  tank  capacity  to  probable  maximum  demand  per  hour. 

equal  to  the  probable  maximum  demand  multiplied  by  the  storage  capacity 
factor  in  line  12.    Example  5  will  illustrate  the  procedure. 

Example  5.    Determination  of  header  and  storage  tank  size  for  an  apartment 
building  from  number  of  fixtures. 

60  lavatories X    2  »    120  gal  per  hour 

30  bath  tubs X  20  »    600  gal  per  hour 

30  showers X  75  =»  2250  gal  per  hour 

60  kitchen  sinks '.. X  10  -    600  gal  per  hour 

15  laundry  tubs X  20  «    300  gal  per  hour 

Possible  maximum  demand *»  3870  gal  per  hour 

Probable  maximum  demand «  3870  X  0.30  »  1161  gal  per  hour 

Heater  or  coil  capacity —  1161  gal  per  hour 

Storage  tank  capacity «  1161  X  1.25  -  1450  gal 

METHODS  OF  HEATING  WATER 

•    Hot  water  may  be  heated  either  by  the  direct  combustion  of  fuelr  by  an 
intermediate  wrier  such  ^s  steam  or  hot  water,  or  by  electrically  heated 
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surfaces.  The  simplest  method  is  to  have  the  fire  on  one  side  of  a  metal 
barrier  and  water  on  the  other.  In  such  a  method,  if  the  surfaces  for 
transferring  heat  are  small,  and  if  the  water  carries  a  heavy  proportion  of 
precipitable  salts,  the  water  passages  may  soon  clog  with  resultant  crack- 
ing or  burning  of  the  surface.  A  familiar  example  of  such  trouble  is  the 
water  back  in  the  kitchen  stove,  or  the  pipe  coil  inserted  into  the  firebox  of 
a  warm  air  furnace  or  small  boiler.  The  critical  water  temperature  at 
which  the  lime,  magnesia,  etc.,  collect  on  hot  surfaces,  varies  with  the 
character  and  proportions  of  the  solids,  but  generally  such  deposits  are 
not  a  serious  trouble  with  water  temperatures  lower  than  140  F. 

Coal-burning,  direct-fired  water  heaters  may  be  constructed  of  cored 
cast-iron  sections  or  of  steel.  In  some  cases  the  external  appearance  of 
the  cast-iron  sections  is  the  same  as  in  heating  boilers,  but  internally  the 
cores  are  changed  to  enable  the  sections  to  withstand  the  city  water  presr 
sure.  In  small  capacity  water  heaters,  efficiency  is  not  considered  so 
important  as  low  first  cost  and  ability  to  maintain  a  fire  at  a  low  rate  of 
combustion,  and  consequently  such  heaters  are  generally  built  with  a  dry 
section  or  fire-brick  lining  at  the  base  of  the  fire-pot  to  prevent  too  much 
chilling  of  the  fuel.  While  mud  and  scale  will  eventually  clog  the  water 
ways  of  any  direct-fired  heater,  increased  life  may  be  obtained  by  pro- 
viding a  three-way  cock  in  the  return  line  between  the  heater  and  the 
bottom  of  the  storage  tank,  so  that  water  can  be  blown  through  the  heater 
or  the  tank  separately  at  full  line  pressure  to  clean  out  loose  sediment, 
Clean-cut  openings  in  the  bottom  of  the  heater  are  advantageous,  if  used  by 
operators  of  water  heaters  for  periodic  cleaning  out  of  sediment. 

Oil-burning,  direct-fired  water  heaters  usually  are  of  steel,  and  operate 
with  higher  flame  temperature  and  better  efficiency  than  commensurate 
sized  coal-burning  heaters.  As  they  have  the  same  tendency  as  coal 
boilers  to  accumulate  lime  deposits,  the  water  passages  should  be  large  in 
cross-section  and  accessible  for  periodic  cleaning. 

Gas-burning,  direct-fired  water  heaters  may  be  of  the  instantaneous  or 
storage  type.  Instantaneous  heaters  are  generally  constructed  of  spiral 
water  tubes  of  copper  around  which  the  products  of  combustion  circulate 
upward  from  high  capacity  burners.  Storage-type  heaters  may  include 
in  oae  unit  an  insulated  storage  tank,  a  combustion  chamber,  flues,  burner 
equipment,  and  controls,  or  may  consist  of  a  separate  storage  tank  and 
external  direct-fired  water  heater,  which  may  be  a  so-called  side-arm  heater 
for  small  capacity,  or  a  gas-fired  boiler  for  larger  capacity.  Gas  boilers 
used  for  direct  hot  water  supply  must  be  able  to  withstand  the  city  water 
operating  pressure.  While  direct-fired  gas  heaters  are  used  generally  for 
residences  and  small  installations  of  100  gal  storage  capacity  or  less,  indirect 
heaters  are  recommended  for  larger  installations, 

Chimney  connections  for  all  direct-fired,  fuel  burning  water  heaters  are 
an  important  consideration.  Refer  to  Chapter  16. 

Electric  water  heaters  for  domestic  hot  water  supply  are  described  in  the 
section  Heating  Domestic  Water  by  Electricity  in  Chapter  41. 

In  the  indirect  method,  either  steam  or  hot  water  is  used  for  heating  the 
water.  With  steam,  the  water  to  be  heated  is  preferably  circulated  around 
the  outside  of  the  steam  tubes  which  are  submerged  within  a  tank.  A 
typical  indirect  heater  using  steam  is  shown  in  Fig,  8.  The  coils  usually 
are  of  copper  and  are  {/-shaped  to  permit  expansion  and  contraction. 
The  shell  may  be  of  steel,  with  a  protective  coating  or  with  a  special  inside 
protective  lining,  or  may  be  of  copper  or  copper  alloy.  Where  straight 
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FIG.  8.  INDIRECT  WATER  HEATER 
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heating  tubes  are  used,  one  end  of  the  tube  is  usually  expanded  into  a 
floating  head  to  take  care  of  expansion.  The  coils  should  be  capable  of 
easy  withdrawal  for  inspection  and  for  removal  of  scale.  Instead  of 
steam,  the  heating  medium  may  also  be  hot  water  inside  the  tubes. 

Another  method  of  transferring  heat  from  a  heating  boiler  tojthe  domestic 
water  is  illustrated  in  Fig.  9.  The  water  heater  is  generally  a  cast-iron 
shell  within  which  there  is  located  a  spiral  copper  coil.  Hot  water  from  the 
boiler  circulates  inside  the  shell  and  around  the  coil,  and  returns  to  the 
boiler,  while  domestic  water  from  the  storage  tank  circulates  inside  the 
coil.  The  storage  tank  should  be  installed  with  the  bottom  of  the  tank  as 
far  above  the  boiler  as  possible.  ,  ^Horizontal  storage  tanks  of  less  than 
18  or  20  in.  diameter  are  not  recommended  because  of  the  difficulty  of 
preventing  the  hot  and  cold  water  from  mixing,  and  especially  is  this  an 
important  consideration  when  large  quantities  of  water  are  withdrawn. 
In  Fig.  10  the  heat  transfer  surface  is  placed  inside  the  boiler  instead  of  in  a 
separate  vessel,  but  otherwise  the  operation  is  similar  to  that  of  Fig.  9. 
This  arrangement  with  vertical  tank  is  commonly  used  for  small  domestic 
installations. 

Sometimes  the  heating  element  is  located  inside  of  the  larger  type  fire 
tubeboilers  and  small  residential  boilers .  In  this  case  the  heat  transfer  surface 
is  in  the  form  of  a  number  of  straight  copper  tubes  with  rear  U  bends  or  a 
floating  head,  inserted  through  a  special  opening  in  the  boiler.  While  the 
coil  mayjbe  placed  in  the  steam  space  above  the  water  line  of  a  steam 
boiler,  it  is  usually  placed  below  the  water  line.  Long  coils  of  small  diam- 
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FIG.  9.  INDIRECT  WATER  HBATBR  MOUNTED  ON  SIDJB  OF  BOILER 
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eter  tubing,  immersed  in  the  water,  are  widely  used  without  storage  tanks, 
The  rate  of  flow  through,  the  coil  is  limited  by  the  friction  loss  in  the  coil 
and  by  fittings  and  restrictions,  so  that  the  water  attains  the  desired 
temperature  in  one  passage  through  the  coil.  This  arrangement  is  fre- 
quently found  in  oil  burner  installations  where  the  heating  boiler,  either 
steam  or  hot  water  type,  is  used  to  supply  hot  water  during  the  summer. 
A  thermostatic  three-way  mixing  valve  is  frequently  used  to  maintain  a 
uniform  temperature  of  the  hot  water  supply  to  the  plumbing  fixtures. 
In  order  to  reduce  clogging  by  precipitated  solids,  water  heating  plants 
sometimes  develop  steam  in  a  closed  circuit,  transferring  the  heat  through 
a  tubular  heater  to  the  domestic  water.  The  water  in  the  primary  heater, 
exposed  to  the  high  temperature  of  the  fire,  is  repeatedly  used  and  hence, 
has  no  appreciable  tendency  to  deposit  scale,  while  the  domestic  water, 
heated  by  steam  at  a  much  lower  temperature  than  that  of  the  fire,  also 
exhibits  a  much  reduced  tendency  to  precipitate  dissolved  salts. 

COMPUTING  HEAT  TRANSMITTING  SURFACE 

The  area  of  the  inside  surface  of  a  heating  coil  may  be  determined  from 
Equation  1, 


Q  X  8.33(*t  - 


where 


A  «  surface  area  of  coil,  square  feet. 

Q  =  quantity  of  water  heated,  gallons  per  hour. 

t%  «  hot  water  outlet  temperature,  degrees  Fahrenheit. 

t\  «  cold  water  inlet  temperature,  degrees  Fahrenheit. 

U  »  coefficient  of  heat  transmission,  Btu  per  (hour)  (square  foot)  (degree  Fahren- 

heit logarithmic  mean  temperature  difference). 

For  copper  or  brass  coils  U  =*  240  (steam)  and  100  (hot  water). 

For  iron  coils  U  «  160  (steam)  and  67  (hot  water). 

tm  *-  logarithmic  mean  of  the  difference  between  the  temperature  of  the  heating 
medium  and  the  average  water-temperature,  and  is  approximately: 


U  «•  temperature  of  the  heating  medium,  degrees  Fahrenheit. 

Equation  1  may  be  used  to  check  the  heating  coil  ratings  under  tempera- 
tures other  than  those  stated  in  the  manufacturer's  published  ratings. 

Example  6.  What  area  of  copper  transfer  surface  will  be  required  to  heat  70  gal 
of  water  per  hour  from  40  to  180  F  with  boiler  water  at  220  F? 

Solution. 

^220_(!§°±4°>J.no        A,  70X^33080- 40)  =742sqft 

For  instantaneous  submerged  heaters  the  surface  required  will  depend 
upon  (1)  the  velocity  of  water  in  the  tubes,  (2)  the  boiler  water  tempera- 
ture, (3)  the  inlet  water  temperature,  (4)  the  outlet  water  temperature, 
(5)  the  cleanliness  of  the  coil  surface,  and  (6)  the  condition  of  the  boiler 
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water  surrounding  the  coil  -  If  the  heater  IB  located  IE  the  water  of  an  ac- 
tively steaming  part  of  a  boiler,  the  heat  transfer  may  be  twice  as  great 
as  would  be  obtained  if  the  water  surrounding  the  coil  were  circulating 
slowly  Ratings  of  instantaneous  water  heating  coils  will  therefore  vary 
greatly,  depending  upon  the  assumptions  made  regarding  the  conditions 
of  operation.  The  values  of  the  coefficient  of  heat  B transmission  for  in- 
stantaneous heaters  shown  in  Table  10,  are  conservative. 

For  a  coil  in  which  heat  is-  transferred  from  steam  to  water,  the  value  of 
U  =  300  v^  may  safely  be  used  (v  =  velocity  of  water  in  feet  per  second). 

The  rate  of  heat  transfer,  between  steam  or  water  as  the  carrier  and  the 
domestic  water,  is  influenced  by  the  rate  of  movement  of  both  the  carrier 
and  the  water  which  receives  the  heat.  For  this  reason,,  where  the  transfer 
occurs  from  heating  system  water  to  domestic  water,  it  is  good  practice  to 
install  a  circulating  pump  to  Insure  rapid  movement  of  the  boiler  water. 


FIG.   10.  INDIRECT  WATEK  HEATER  PLACED   IN  BOILER 

In  view  of  the  high  condensation  rates  obtained  when  steam  is  used  with 
gravity  circulation  from  the  boiler,  as  when  there  is  a  sudden  demand 
followed  by  an  Inflow  of  cold  water,  the  bottom  of  a  steam  heating  transfer 
element  always  should  be  at  least  30  in.  above  the  boiler  water  line,  and 
the  steam  and  condensate  return  pipes  should  be  of  liberal  si^e.  Otherwise, 
water  hammer  and  reduced  capacity  may  result  due  to  imperfect  drainage 
of  condensate. 

When  connecting  a  transfer-type  hot  water  heater  below  the  waterline 
of  a  cast-iron  steam  boiler  having  vertical  sections,  there  should  be  a  sepa- 
rate tapping  for  water  circulation  into  every  section  of  the  boiler,  as  si) own 
in  Fig.  9,  unless  the  boiler  has  large  top  nipple  ports  providing  inter-sec- 
tional circulation.  If  the  top  nipples  are  entirely  within  the  boiler  steam 
space,  no  internal  circulation  occurs  between  sections.  Steaming  may 
then  occur  in  the  boiler  sections  not  connected  to  the'  heater  and,  further, 
the  unconnected  sections  will  not  deliver  any  heat  to  the  water  heater* 


TABLE  10.  COEFFICIENT  OF  HEAT  TRANSFEB  OF  INSTANTANEOUS  WATEB  HEATKBS 
U  «  Btuper  (fir)  (sqft)  (Fahrenheit  degree  logarithmic  mean  temperature  difference) 


Boiler  Water  Temperature 

210 

200 

180 

U               

225 

175 

150 
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HOT  WATER  SUPPLY  PIPING 

It  is  common  practice  to  provide  circulating  piping  in  all  hot  water  supply 
systems  in  which  it  is  desirable  to  have  hot  water  available  continuously 
at  the  fixtures.  In  average-sized  and  small  residences  and  systems,  in 
which  the  piping  from  the  heater  to  the  fixtures  is  short,  return  circulating 
piping  is  generally  omitted  in  order  to  reduce  installation  cost,  and  to  reduce 
heat  loss  from  the  piping,  particularly  during  periods  of  no  water  demand. 

The  hot  water  supply  may  be  distributed  by  either  an  up-feed  or  down- 
feed  piping  system.  Three  common  methods  of  arranging  the  circulating 
lines  are  shown  in  Fig.  11.  Although  the  diagrams  apply  to  multi-story 
buildings,  the  arrangements  (a)  and  (6)  are  sometimes  used  in  residential 
designs. 
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FIG.  11.  METHODS  OF  ARRANGING  HOT  WATEE  CIRCULA.TION  LINES 


A  check  valve  should  be  provided  in  the  run-put  from  each  return  riser 
to  prevent  temporary  reversal  of  flow  in  the  piping  when  a  faucet  is  open. 
Proper  air  venting  of  a  circulating  system  is  extremely  important,  particu- 
larly if  gravity  circulation  is  employed.  In  Fig.  11  (a)  and  (6),  this  is  accom- 
plished" by  connecting  the  circulating  line  below  the  top  fixture  supply. 
With  this  arrangement,  air  is  eliminated  from  the  system  each  time  the 
top  fixture  is  opened. 

Where  an  overhead  supply  main  is  located  above  the  highest  fixture  as 
in  Fig.  11  (c),  an  automatic  float  type  air  vent  is  installed  at  the  highest 
point  of  the  system,  or  a  fixture  branch  is  connected  to  the  top  of  the  main 
where  air  venting  is  desired  and  then  dropped  to  the  fixture  outlet. 

It  is  sometimes  necessary  to  make  an  allowance  for  pressure  drop  through 
the  heater  when  sizing  hot  water  lines,  particularly  where  instantaneous 
hot  water  heaters  are  used  and  the  available  pressure  is  low. 

The  principles  involved  in  the  sizing  of  the  hot  water  supply  pipes  are 
the  same  as  those  for  the  siaing  of  cold  water  supply  lines.  For  small  and 
medium  sized  installations  a  %-in.  hot  water  return  will  be  ample,  l^or 
larger  installations  the  size  of  the  hot  water  return  may  be  computed  from 
considerations  of  the  heat  losses  in  the  hot  water  piping.3  A  throttling 
valve  should  be  placed  in  the  hot  water  return  pipe  so  that  the  rate  of  cir- 
culation may  bo  adjusted. 

Where  the  hot  water  piping  system  is  exceedingly  long,  a  water  circn- 
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lator  is  frequently  installed  and  controlled  from  an  immersion  thermostat 
(in  the  return  line)  set  to  start  and  stop  the  pump  over  approximately  a 
20  F  deg  temperature  range. 

CONTROL  OF  SERVICE  WATER  TEMPERATURE 

Coal-fired  boilers  are  usually  controlled  by  an  immersion  thermostat 
(located  in  the  heated  water)  which  opens  or  closes  draft  dampers  at  the 
boiler  to  adjust  the  rate  of  fuel  combustion.  With  oil  or  gas-fired  boilers 
the  immersion  thermostat  controls  the  oil  burner  or  the  automatic  gas  valve. 
The  gas  pilot  flame  usually  burns  continuously.  With  electric  heaters  the 
immersion  thermostat  operates  a  switch  on  the  source  of  energy. 

When  steam  or  hot  water  is  the  medium  for  heating  the  water  in  the 
tank,  an  immersion  thermostat  is  used  to  control  a  valve  in  the  steam  or 
hot  water  supply  line.  In  small  residence  installations,  using^  water  as  the 
carrier,  a  combined  immersion  thermostat  and  butterfly  valve  in  one  simple 
fitting  may  be  installed  in  the  transmitting  circuit  to  prevent  over-heating 
of  the  service  water. 

In  residences  heated  by  pump  circulated  hot  water,  the  house  tempera- 
ture is  controlled  by  operating  the  circulating  pump  intermittently,  while 
domestic  hot  water  is  warmed  by  transfer  from  the  house  boiler*  inde- 
pendent of  the  pump  operation.  The  domestic  water  is  heated  from  the 
heating  boiler  the  year  'round.  "Under  such  an  arrangement,  to  prevent 
overheating  the  house  by  thermal  circulation  when  the  pump  is  not  running, 
it  is  usual  to  insert  a  weighted  check-valve  in  the  house  heating  main,  so 
that  no  circulation  to  the  house  heating  system  can  occur  unless  the  pump 
operates.  In  summer  the  fire  may  be  controlled  to  maintain  a  boiler  water 
temperature  lower  than  when  heating,  and  generally  about  20  F  warmer 
than  that  desired  in  the  domestic  hot  water  system. 

In  buildings  which  have  restaurants,  it  is  generally  desirable  to  install 
two  separate  service  hot  water  systems  so  that  water  at  140  F  maximum 
may  be  available  for  lavatory  and  bath  purposes,  while  an  adequate 
volume  of  water  at  180  F  will  be  available  for  the  sanitary  rinse  of  table- 
ware. Most  commercial  dishwashing  machines  employ  water  at  180  F. 
Spontaneous  drying,  which  is  a  further  requisite  to  proper  sanitation,  is 
made  possible  with  water  at  180  F  or  higher.4  Frequently,  instead  of 
installing  a  two-pipe  system,  it  may  be  preferable  to  use  a  booster  heater 
to  assure  hot  water  for  the  dish  room. 

The  immersion  thermostat  in  a  hot  water  storage  tank  should  be  located 
no  higher  than  the  center  of  the  tank,  and  possibly  should  be  even  closer 
to  the  bottom  since  water  in  a  tank  stratifies  proportionally  to  the  tem- 
perature. When  hot  water  is  removed,  the  cold  water  entering  to  replace 
it  quickly  reduces  the  temperature  in  the  lower  parts  of  the  tank. 

SAFETY  DEVICES  FOR  HOT  WATER  SUPPLY  SYSTEMS 

There  are  still  numerous  plumbing  codes  which  do  not  have  regulations 
for  the  prevention  of  hot  water  storage  tank  explosions. 

An  ordinary  storage  tank  is  under  certain  water  pressure,  depending 
on  the  static  pressure  in  the  system.  When  the  water  in  the  tank  is 
heated  by  circulation  through  an  external  heater,  or  by  heating  units  in 
the  tank,  it  gradually  expands.  For  instance,  if  the  entire  contents  of  a 
30-gal  storage  tank  are  heated  from  70  F  to  160  F,  there  will  be  an  in- 
crease in  volume  of  about  one-half  gallon.  If  the  tank  is  connected  to 
some  supply  without  any  intervening  check  valve,  the  increase  in  volume 
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causes  part  of  the  water  to  be  pushed  back  into  the  supply  line.  If  the 
hot  water  reaches  the  water  meter,  it  may  ruin  the  composition  discs. 

If  back-flow  cannot  occur,  as  for  example,  due  to  the  use  of  a  check- 
valve  or  a  pressure-reduction  valve  in  the  line,  or  because  of  temporary 
shut-off  of  the  cold-water  line,  the  pressure  in  the  tank  rises  as  heating 
continues.  Such  a  pressure  rise,  if  the  heating  continues  for  any  length 
of  time,  may  result  in  rupturing  of  the  tank. 

If  the  tank  water  is  not  confined,  continued  heating  would,  of  courses 
cause  no  increase  in  pressure  beyond  ordinary  line  pressure.  However, 
the  temperature  would  continue  to  increase.  If  this  should  happen  at 
elevated  temperatures,  the  flashing  of  the  water  into  steam  might  cause 
a  serious  tank  explosion. 

In  order  to  guard  against  the  development  of  excessive  pressure  inside 
a  hot  water  storage  tank  (owing  to  the  thermal  expansion  of  the  water)  it 
is  customary  to  install  a  spring-loaded  pressure-relief  valve  which  is  set 
to  open  at  a  pressure  about  20  Ib  higher  than  the  normal  line  pressure. 

The  amount  of  water  discharged  by  any  pressure-relief  device  is  usually 
quite  small,  since  it  takes  only  a  small  quantity  of  water  to  relieve  any 
pressure  rise  due  to  the  thermal  expansion  of  the  water.  The  rate  of 
discharge  should  be  such  as  to  limit  the  pressure  rise  for  any  given  heat 
input  to  10  per  cent  of  the  pressure  at  which  the  valve  is  set  to  open.  For 
any  given  installation,  the  discharging  capacity  should  be  in  excess  of  the 
water  to  be  discharged  by  the  heater.  The  heater  discharge  Qm  in  gallons 
per  minute  may  be  computed  by  Equation  2: 

Qm  =  0.000056  (2) 

where  6  is  the  heat  input  of  heater  in  Btu  per  minute. 

To  prevent  danger  of  overheating,  temperature-relief  devices  should  be 
used.  One  type  of  such  a  device  has  a  fusible  plug  of  metal  which  melts 
at  about  212  F.  The  hot  water  then  runs  from  the  opening  until  the 
deviced  is  serviced.  A  better  type  of  relief  device  is  one  which  incor- 
porates a  bellows  or  bimetallic  disc,  which  opens  at  a  temperature  of 
210  F  and  closes  when  the  temperature  drops  to  approximately  160  F. 

Another  type  of  safety  device  is  a  fuel  cutoff  switch  or  valve  in  which  a 
fusible  plug  is  melted  by  excessive  water  temperature.  The  fuel  supply 
is  cut  off  until  the  fusible  plug  is  replaced. 

The  capacity  of  temperature  relief  devices  may  be  calculated  by  Equa- 
tion 3 : 

Qm  -  0.00086  (3) 

where  Qm  and  b  denote  the  same  quantities  as  in  Equation  2. 

Pressure  relief  valves  should  be  installed  in  the  cold  water  line  near  the 
tank  out  of  contact  with  the  hot  water  in  order  to  prevent  excessive  cor- 
rosion and  lime  deposit  on  the  valve  seat.  Temperature  relief  valves,  in 
general,  must  be  installed  at  the  point  of  maximum  water  temperature. 

SOLAR  WATER  HEATERS 

Solar  heaters  utilize  the  energy  of  the  sun  for  heating  hot  water.  The 
successful  operation  of  such  heaters  requires  the  availability  of  sunshine 
practically  every  day  in  the  year,  which  has  limited  their  use  to  Florida 
and  the  southern  portions  of  California.  When  supplemented  with  some 
other  means  of  gas,  coal,  or  oil  water  heating,  solar  heaters  may  be  used  in 
climates  where  sunshine  may  be  more  or  less  intermittent.  They  have 
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been  used  in  summer  homes  as  far  north  as  Chicago.  ^  When  properly 
installed  and  proportioned,  solar  water  heaters  render  satisfactory  service, 
especially  in  climates  where  the  outside  temperatures  are  high  and  ex- 
tremely hot  water  is  not  necessarily  desirable.  Such  installations  consist 
essentially  of  a  storage  tank,  heating  coil,  and  hot  box.  The  coil  is  installed 
in  the  hot  box  and  is  arranged  to  circulate  water  to  and  from  the  storage 
tank.  The  advantage  in  the  use  of  this  type  of  heater  is  the  fact  that  it 
requires  no  fuel.  The  same  materials  should  be  used  for  the  coil,  circula- 
tion lines,  and  tank.  A  copper  coil  is  more  efficient  in  absorbing  heat  in 
the  box,  but  galvanized  iron  or  steel  may  be  substituted,  depending  on  the 
local  water  conditions,  cost,  and  other  considerations. 

The 'storage  tank  must  be  able  to  store  sufficient  heated  water  for  the 
night  period  of  about  16  hr  when  the  coil  is  not  functioning,^!-  is  operating 
under  such  poor  sun  conditions  as  to  make  its  heating  effect  negligible. 
Due  to  the  fact  that  the  no  sun  period  includes  the  night  period  when  little 
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or  no  hot  water  is  used,  an  available  storage  of  50  per  cent  of  the  average 
daily  usage  is  considered  adequate.  Since  about  25  per  cent  of  stored  hot 
water  cannot  be  drawn  out  of  a  Storage  tank  before  the  incoming  cold  water 
reduces  the  temperature  of  all  of  the  water  in  the  tank  to  an  unsatisfactory 
point  for  usage,  the  equation  for  calculating  the  storage  capacity  of  the 
tank  becomes : 


S 


QdXO.50 
0.75 


<  0.666Qd 


(4) 


where 


S  «  storage  capacity  of  tank,  gallons. 


<2d  =*  average  dally  usage,  gallons. 


Thus,  for  a  family  of  four  persons  using  an  average  of  40  gal  of  hot  water 
per  (person)  (day),  the  size  of  the  tank  would  be  4  persons  x  40  gal  x  0.666 
or  106  gal,  and  the  nearest  standard  size  of  tank  would  be  used.  The  tank 
should  be  well  insulated  to  prevent  undue  loss  of  heat  during  the  1 6-hour 
period  when  the  coil  is  inoperative,  and  it  should  be  located  as  high  as 
possible  in  the  building  (under  the  peak  of  the  roof  if  such  exists)  so  as  to 
secure  a  maximum  circulation  head  from  the  coil.  The  hot  water  supply 
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to  the  house,  as  shown  in  Fig.  12,  is  located  at  the  top  of  the  tank,  which7 
serves  to  vent  the  air  from  the  tank  through  the  hot  water  faucets  as  fast 
as  it  accumulates. 

The  coil  should  be  of  the  return-bend  type  (square  or  slightly  rectangu- 
lar in  form)  and  should  have  the  pipes  running  east  and  west,  with  the  coil 
on  the  south  side  of  the  building  where  it  can  receive  the  full  sun  effect  all 
day  long  without  shadows  from  the  building  itself,  or  from  adjacent  ob- 
structions such  as  trees  or  other  structures.  The  coil  should  be  placed  as 
low  as  possible  in  relation  to  the  storage  tank  level,  such  as  on  a  porch  roof, 
the  roof  of  a  one-story  extension  or,  if  necessary,  even  on  the  ground.  Both 
the  coil  and  the  circulation  lines  should  be  designed  to  facilitate  the  circula-, 
tion  flow  as  much  as  possible,  using  long  radius  copper  fittings  or  recessed 
galvanized  iron  fittings  to  match  the  materials  of  the  coil,  circulation  lines, 
and  tank.  The  coil  should  be  inclined  as  shown  in  Fig.  13  so  that  the 

TABLE  11.  SUGGESTED  SOLAR  HEATEK  DESIGN  DATA** 


DESIGN  ITEM 

BASED  ON  RATH  OF  30  GAL 
PER  DAY  PEE  PEBSON 

BASED  ON  RATE  OF  40  GAL 
PEE  DAT  PER  PisasoN 

No.  of  Occupants  In  Residence...,-.... 

1 

2 

3 

4 

5 

6 

7 

8 

1 

2 

3 

«!  • 

6 

7 

8 

Hot  Water  Used  at  Night,  gal  per 
person  

15 

15 

15 

15 

15 

15 

15 

:    15 

20 

20 

20 

20 

20 

20 

20 

20 

Hot  Water  Used  at  Night,  gal  total...... 

15 

30 

45 

60 

75 

90 

105 

120 

20 

40 

60 

80 

100 

120 

140 

160 

Eetained  in  Tank,  25  percent,  gal..  

4 

8 

11 

15 

19 

23 

27 

30 

5 

10 

15 

20 

25 

30 

35 

40 

Tank  Capacity  Required,  gal  

20 

40 

59 

75 

94 

113 

130 

150 

25 

50 

75 

100 

125 

150 

175 

200 

Hot  Water  Used  During  Day,  gal...... 

15 

35 
4.5 

30 

70 
9 

45 

104 
13 

60 

75 

00 

105 

120 

20 

40 

60 

135 

17 

80 

100 

225 

28 

160 

640 

120 

HO 

315 
39 

160 

Total  Water  to  be  Heated: 
Gal  per  8  hr  period  
Gal  per  hour.......  

135 

17 

169 
21 

203 
26 

235 
29 

270 
34 

45 
6 

90 
12 

180 
23 

270 
34 

360 

45 

Copper  Coil  Required: 
Surface  area,  sq  ft........  „.„,„ 
Equivalent  length  1  in.  coil,  ft  

25 
100 

25 
4 
6 

50 
200 

75 
300 

100 
400 

100 
8 
12.5 

121 

484 

145 
580 

168 
664 

192 

768 

32 

128 

64 
256 

96 

3S4 

128 
512 

192 
768 

224 
896 

256 
1024 

Boi  Size: 
Area,  8d  ft  ,  
Width,  ft  

50 
6 
8 

75 
7 
11 

121 
9 
13.6 

145 

10 
14.5 

J63 
10 
16.5 

192 
11 
17.5 

32 

4 
S 

64 

6 

10 

96 
8 
12 

128 
9 
14 

160 
10 
16 

192 
11 
19 

224 
12 
19 

256 
12 
21 

Length,  ft  

*  Sun  Effect  and  the  Deaign  of  Solar  Heaters,  by  H.  L.  Alt  (A.S.H.V.E.  TRANSACTIONS,  Vol.  41, 1935,  p. 
131). 

north  end  is  raised  above  the  south  end  to  secure  an  angle  with  the  hori- 
zontal of  about  53  deg.  This  will  result  in  the  inlet  end  of  the  coil  being 
on  the  south  side  (or  bottom)  and  the  outlet  end  being  on  the  north  side  (or 
top).  This  will  satisfy  conditions  along  the  30  deg  N  latitude,  which 
includes  the  portions  of  Florida  and  Southern  California  where  these 
heaters  are  most  frequently  used. 

The  hot  box  is  usually  constructed  of  wood  on  the  four  sides  and  bottom, 
and  is  insulated.  Glass  sash  are  placed  over  the  top  of  the  box,  and  the 
box  should  be  constructed  as  air-tight  as  possible.  The  interior  surfaces 
should  be  painted  white  to  reflect  the  heat,  while  the  coil  should  be  painted 
black  to  absorb  the  heat.  The  box  need  not  be  deeper  than  necessary 
to  house  the  coil  and  to  protect  it  from  the  weather. 

The  addition,  on  the  bottom  of  the  box,  of  a  light  gage  copper  plate  to 
which  the  pipe  of  the  coil  is  soldered  for  good  metallic  contact,  will  add 
to  the  amount  of  heat  received  by  the  coil,  due  to  the  fact  that  this  plate 
will  receive  all  of  the  sun's  rays  which  fail  to  directly  strike  the  coil.  The 
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heat  from  this  source  Is  transmitted  to  the  coll  through  the  plate  rather 
than  from  the  heated  air  surrounding  the  coil.  Otherwise,  only  part  of 
the  heat  enters  the  coil,  the  balance  being  transmitted  through  the  glass. 

Design  data  given  in  Table  11  may  be  used  with  judgment  in  selecting 
the  size  of  solar  heater  coil  and  box  for  a  particular  application.  These  data 
are  based  on  consumptions  of  30  and  40  gal  of  hot  water  per  day  per  person. 

DOMESTIC  HOT  WATER  BY  HEAT  PUMP 

Domestic  hot  water  may  suitably  be  obtained  by  using  a  heat  pump 
installation.  The  hot  water  heater  may  be  either  a  heat  exchanger  in- 
stalled just  ahead  of  the  compressor  of  a  heat  pump  installation,  or  may 
be  a  self-contained  domestic-water  heat  pump. 

Various  designs  of  self-contained  domestic  water  heat  pumps  are  avail- 
able, and  one  particular  arrangement  is  shown  in  Fig.  14. 


•HOT    WATER    OUTLET 


|-*-INLET 

FIG.  14.  HEAT  PUMP  ARKANGEMBNT  FOE  HOT  WATER  SUPPLY 

Although  the  first  cost  of  domestic  hot  water  heat  pumps  is  somewhat 
high,  they  have  the  advantages  of  eliminating  products  of  combustion, 
odors  and  soot,  and  not  needing  a  chimney.  A  further  advantage  is  that 
they  may  be  used  for  cooling  purposes.  With  a  coefficient  of  performance 
of  2|  to  3,  water  temperatures  of  140  to  150  F  may  be  obtained.0 
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CHAPTER  49 

INSTRUMENTS  AND  MEASUREMENTS 

Temperature  Measurement,  Pressure  Measurement,  Air  Flow  Measurement,  Air 

Change  Measurement,  Humidity  Measurement,  Heat  Transfer  Through 

Building  Materials,  Evaluation  of  Thermal  Environment,  Combustion 

Analysis,  Smoke   Density  Measurements,  Determination  of 

Air  Contaminants,  Sound  and  Vibration  Measurements 

HEATING  and  air  conditioning  engineers  and  technicians  require 
instruments  for  both  laboratory  and  field  use  and  somewhat  more  pre- 
cision is  attainable  and  essential  in  the  laboratory,  where  research  and  de- 
velopment are  undertaken,  than  in  the  field,  where  acceptance  and  adjust- 
ment tests  are  conducted.  Some  instruments  have  attained  an  adequate 
state  of  development,  while  others  fall  far  short  of  the  desirable*  For  in- 
stance, temperatures  can  now  be  measured  readily  with  ample  accuracy 
for  most  purposes,  while  a  convenient  and  precise  method  for  determining 
or  comparing  the  dustiness  of  atmospheres  is  lacking,  and  improvement  in 
existing  hygrometers  and  humidity  controllers  is  essential. 

Codes  and  standards  covering  different  types  of  heating  and  air  condi- 
tioning devices  and  apparatus  have  been  promulgated  by  various  authori- 
tative organizations,  and  instruments  essential  for  performance  or  com- 
pliance testing  are  enumerated  in  the  relevant  publications.1' 2*  3> 4  The 
present  purpose  is  to  discuss  the  use  and  characteristics  of  the  more  im- 
portant instruments. 

TBMPERATUHE  MEASUREMENT6' • 
Thermometers 

Any  device  capable  of  indicating  temperature  is  a  thermometers  but  in 
common  usage  the  term  thermometer  without  qualification  has  come  to 
signify  the  ordinary  mercury-in-glass  temperature  indicating  device.  This 
type  has  a  useful  range  from  —40  F,  the  freezing  point  of  mercury,  to  about 
1000  F,  at  or  near  which  the  glass  usually  softens.  Lower  temperatures 
can  be  measured  with  alcohol-filled  thermometers  for  which  the  range  is 
about  —94  F  to  +248  F.  The  better  thermometers  have  their  scales, 
either  Fahrenheit  or  Centigrade,  etched  with  acid  into  the  glass  which  forms 
their  stems.  The  probable  error  for  etched  stem  thermometers  is  plus  or 
minus  one  scale  division,  and  calibration  is  desirable  for  much  test  work. 
Thermometers  are  calibrated  during  manufacture  at  not  less  than  two 
temperatures— the  freezing  and  boiling  points  of  water — and  calibration 
is  often  accomplished  with  the  instrument  completely  immersed  in  a  bath 
at  the  known  temperature.  The  intervening  scale  divisions  are  then  ap- 
plied to  the  stem*  When  such  a  thermometer  is  used  with  the  stem  in- 
completely immersed,  a  correction  known  as  the  stem  correction  is  neces- 
sary for  accurate  measurements,  and  its  magnitude  is  usually  computed 
by  means  of  the  following  formula: 

K  -  0.00009  D  (ti  -  fa)  (1) 

where 

K  -  correction  to  be  added,  Fahrenheit  degrees. 
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D  »  number  of  degrees  on  the  thermometer  scale  which  are  not  immersed. 
ti  »  temperature  indicated  on  the  thermometer,  Fahrenheit  degrees. 
tz  =*  temperature  of  the  non-immersed  mercury  column,  Fahrenheit  degrees. 
0.00009  «  difference  in  the  coefficient  of  expansion  of  the  mercury  and  glass. 

When  a  thermometer  is  used  in  a  liquid  or  in  air  or  gas  near  room  tem- 
perature, the  effects  of  radiation  can  often  be  ignored,  but  when  the  tem- 
perature of  hot  air  or  gas  is  desired,  means  are  usually  provided^for  mini- 
mizing the  effect  of  radiation.7  These  include  bright  metallic  shields 
around  the  thermometer  bulb,  and  the  use  of  aspirated  thermometers  in 
which  a  stream  of  the  air  or  gas  is  drawn  at  considerable  speed  across  the 
bulb  and  increases  the  influence  of  the  gas  temperature  on  the  thermom- 
eter indication.  In  any  case,  to  prevent  errors  in  temperature  measure- 
ments, there  should  be  ample  circulation  so  that  the  thermometer  will 
indicate  a  true  temperature  of  the  medium  under  observation,  and  ample 
time  should  be  allowed  for  the  thermometer  to  reach  the  same  temperature 
as  the  medium.  In  reading  a  thermometer  the  eye  should  be  at  the  same 
level  as  the  top  of  the  liquid  to  avoid  parallax. 

Industrial-type  thermometers  are  available  for  permanent  installation 
in  pipes  or  ducts.  These  instruments  are  fitted  with  metal  guards  to 
prevent  breakage,  and  are  useful  for  many  purposes.  However,  the  con- 
siderable heat  capacity  and  conductance  of  the  guards  or  shields  prevent 
such  thermometers  from  following  closely  the  fluctuations  in  a  medium  of 
varying  temperature. 

Thermocouples 

When  two  wires  made  of  dissimilar  metals  are  joined  by  soldering,  weld- 
ing or  merely  by  twisting,  a  thermocouple  or  thermo- junction  is  formed  and 
an  electromotive  force,  which  depends  upon  the  temperature  of  the  junc- 
tion, is  found  to  exist  between  the  wires.  When  the  wires  are  joined  at  two 
points  a  thermocouple  circuit  is  formed,  and  if  one  junction  is  kept  at  a 
temperature  different  from  the  other,  an  electric  current  flows  through  the 
circuit  due  to  the  difference  in  emf  developed  by  the  two  junctions.  This 
phenomenon  is  employed  for  temperature  measurements  in  thermocouple 
systems,  one  junction  being  ordinarily  kept  at  a  constant  temperature,  as 
in  an  ice  bath,  while  the  other  junction  is  placed  at  a  point  at  which  it  is 
desired  to  observe  the  temperature.  In  practice  it  is  desirable  to  utilize 
emf  to  indicate  temperature  because,  at  small  or  zero  current  flow,  the 
resistance  of  the  circuit  is  unimportant.  A  high  resistance  millivolt  meter 
is  useful  in  some  cases  but  the  potentiometer  yields  better  results.  In  the 
potentiometer  the  electromotive  force  generated  by  the  thermocouples  is 
balanced  against  an  electromotive  force  from  the  battery  so  that  observa- 
tions are  made  with  no  flow  of  current  through  the  thermocouple  circuit. 
A  conventional  arrangement  is  illustrated  in  Fig.  1.  The  thermocouple 
leads  A-B  are  so  connected  that  their  polarity  opposes  that  of  battery  C. 
If  the  position  of  E  on  the  graduated  slide  wire  rheostat  DF  is  adjusted 
until  galvanometer  G  shows  no  current  flowing,  resistance  DE  will  indicate 
directly  the  voltage  generated  by  the  thermocouple.  In  order  to  calibrate 
the  instrument,  switch  S  is  thrown  over  to  the  standard  cell  circuit  while 
rheostat  R  is  adjusted  so  that  the  galvanometer  shows  zero  current. 
Battery  C  then  exerts  the  known  voltage  of  the  standard  cell  at  DH. 

The  choice  of  materials  for  thermocouple  wires  is  determined  by  the 
range  of  temperature  to  be  measured.  Up  to  about  600  F  base  metals  such 
as  iron-constantan  or,  preferably  from  the  corrosion  standpoint,  copper- 
constantan  are  satisfactory  and  develop  a  relatively  large  emf  of  40  to  60 
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microvolts  per  degree.  Chromel-alumel  couples  are  useful  in  the  flue  gas 
temperature  range,  while  platinum  (platinum-rhodium)  couples  are  used  for 
higher  temperatures.  Impurities  make  large  differences  in  the  perform- 
ance of  thermocouple  wires  and  for  this  reason  calibration  of  samples  from 
each  spool  of  wire  is  essential  for  precise  work.  Data  on  wire  can  usually 
be  obtained  from  the  manufacturer. 

The  act^of  adjusting  rheostat  D-P  (Fig,  1)  for  zero  current  flow  is  known 
as  balancing  the  potentiometer.  Automatic  self-balancing  instruments 
of  both  the  indicating  and  recording  types  are  on  the  market.  They  usu- 
ally contain  an  automatically  compensating  cold  junction  to  avoid  the  use 
of  an  ice  bath,  and  special  thermocouple  wire  is  furnished  with  them  from 
the  factory. 

With  a  suitable  potentiometer,  small  wires  serve  as  well  for  thermo- 
couples as  large  ones,  and  the  fineness  of  the  wires  is  limited  only  by  consid- 
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FIG.  1.  BASIC  CIECUIT  AND  CONNECTIONS 
FOR  THERMOCOUPLE  AND  POTENTIOMETER 


FIG.  2.  TYPICAL  RESISTANCE  THER- 
MOMETER CIRCUIT  AND  CONNECTIONS 


eration  of  mechanical  strength  and  convenience  in  handling.  Small 
couples  respond  more  promptly  to  changes  in  temperature  and  are  less 
affected  by  radiation  than  large  ones.  For  use  in  heated  air  or  gases, 
thermocouples  are  often  shielded,  as  are  thermometers,  and  aspirated  ther- 
mooouplos  arc  sometimes  used.  An  arrangement  has  been,  described  for 
avoiding  error  due  to  radiation.  It  involves  several  thermocouples  of 
different  sizes,  the  true  temperature  being  estimated  by  extrapolation  of 
readings  to  zero  diameter.8 

By  the  use  of  thermocouples,  temperatures  at  remote  points  may  be  indi- 
cated or  recorded  on  conveniently  located  instruments ;  average  tempera- 
ture may  be  readily  obtained  by  connecting  several  couples  in  parallel  or  in 
series;  and  temperatures  may  be  obtained  within  thin  materials,  narrow 
spaces,  or  otherwise  inaccessible  locations. 

Thermocouples  in  series  with  every  alternate  junction  maintained  at  a 
common  temperature  will  give  an  emf  which,  divided  by  the  number  of 
couples  to  give  the  average  emf9  per  couple,  may  be  used  to  find  the  average 
temperature. 

Thermocouples  in  parallel,  having  the  similar  metals  of  a  number  of 
couples  connected  together  and  run  to  a  common  cold  junction,  will  cause 
an  indication  on  a  potentiometer  which  is  the  true  emf  only  if  the  electrical 
resistances  of  the  parallel  junctions  are  the  same.9' 10 
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Temperatures  of  surfaces  below  red  heat  are  difficult  to  determine  by 
any  other  means  than  thermocouples.  For  this  purpose,  a  thermocouple 
of  fine  wires  is  preferable  to  minimize  the  possibility  of  error  due  to  the 
conduction  of  heat  along  the  wires.  It  may  be  attached  to  a  metal  surface 
in  any  of  several  ways.  For  permanent  installations,  soldering,  brazing 
or  peening  may  be  desirable.  A  small  hole  is  drilled  for  the  peening  opera- 
ation;  the  thermocouple  is  inserted  and  the  metal  is  peened  to  retain  it. 
The  fact  that  the  thermocouple  is  in  electric  contact  with  the  surface  is 
unimportant  in  usual  circuits.  For  temporary  arrangements,  couples  may 
be  attached  by  means  of  surgical  or  cellophane  tape.  For  many  boiler  or 
furnace  surfaces,  furnace  cement  serves  very  well.  The  thermocouple 
may  be  attached  by  means  of  the  cement  when  the  surface  is  cold,  and  must 
be  treated  gently  and  usually  supported  until  the  cement  dries,  due  to  heat, 
and  hardens — after  which  it  has  ample  strength.  It  is  good  practice  to 
use  as  little  cement  as  possible,  and  also  to  plaster  the  wires  to  the  surface 
for  an  inch  or  so  from  their  junction  to  avoid  errors  due  to  heat  conduction 
along  the  wire.  Electric  insulation  between  the  wires  should  be  perfect 
except  at  the  junction  since,  otherwise,  the  indicated  emf  will  be  between 
those  existing  at  the  junction  and  at  the  short  circuit. 

Resistance  Thermometers 

Resistance  thermometers  depend  for  their  operation  upon  the  change  of 
electric  resistance  of  metal  with  change  in  temperature.  The  resistance 
generally  increases  with  rising  temperature.  Their  use  largely  parallels 
that  of  thermocouples,  although  readings  tend  to  be  unstable  above  950 
F.  Two-lead  temperature  elements  are  not  recommended,  since  they  do 
not  permit  correction  for  lead  resistance.  Three  leads  to  each  resistor 
are  necessary  to  obtain  consistent  readings. 

A  typical  circuit  used  by  several  manufacturers  is  shown  in  Fig.  2.  In 
this  design  a  differential  galvanometer  is  used,  in  wiiich  coils  L  and  II  exert 
opposing  forces  on  the  indicating  needle.  Coil  L  is  in  series  with  the  ther- 
mometer resistance  AB,  and  coil  H  is  in  series  with  the  constant  resistance 
R.  As  the  temperature  falls,  the  resistance  of  AB  decreases  allowing  more 
current  to  flow  through  coil  L  than  through  coil  H,  This  causes  an  in- 
crease in  the  force  exerted  by  coil  L,  pulling  the  needle  down  to  a  lower 
reading.  Likewise,  as  the  temperature  rises  the  resistance  of  AB  increases, 
causing  less  current  to  flow  through  coil  L  than  through  coil  1L  This 
forces  the  indicating  needle  to  a  higher  reading.  Rheostat  B  must  bo  ad- 
justed occasionally  to  maintain  a  constant  flow  of  current. 

As  compared  to  the  thermocouple,  the  resistance  thermometer  does  not 
require  a  cold  junction,  and  it  can  be  simply  scaled  for  more  accurate 
measurements ;  but,  generally  because  of  its  construction  it  is  more  costly 
and  is  apt  to  have  considerable  lag.  It  gives  best  results  when  used  to 
measure  steady  or  slowly  changing  temperature.  For  accurate  results 
the  entire  thermometer  coil  must  be  exposed  to  the  temperature  to  be 
measured. 

Pyrometers 

The  pyrometer  is  the  usual  instrument  for  measuring  high  temperatures 
such  as  those  of  incandescent  bodies  or  furnace  interiors.  There  are  two 
types.  In  the  radiation  pyrometer  the  radiant  energy  from  aa  observed 
surface  falls  on  a  thermopile,  and  the  emf  generated  by  the  pile,  measured 
by  a  galvanometer  or  potentiometer,  is  an  index  of  the  surface  temperature. 
With  the  optical  pyrometer  a  narrow  spectral  band,  usually  red,  emitted 
by  the  surface,  is  matched  visually  with  the  filament  of  a  special  electric 
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lamp.  The  emf  necessary  to  cause  the  filament  to  match  the  surface  In 
brightness  is  the  index  of  the  temperature  of  the  surface.  Pyrometers  are 
calibrated  by  means  of  various  metals  with  known  melting  or  freezing 
points.  Portable  as  well  as  laboratory  models  are  manufactured. 

Color  Indicating  Crayons 

Crayons  are  available,  the  marks  of  which  change  color  or  melt  at  speci- 
fied temperatures.  Such  crayons  have  been  sold  in  boxes  covering  the 
range  from  about  100  F  to  about  800  F  in  100  deg  steps,  with  a  precision  of 
some  10  deg.  They  are  a  rough  but  convenient  means  of  determining 
temperatures,  and  of  locating  isothermal  lines  on  surfaces  below  red  heat. 

PRESSURE  MEASUREMENT 
Pressure  Gages 

The  Bourdon  is  the  most  common  type  of  pressure  gage,  and  its  appear- 
ance probably  is  familiar  to  any  one  having  an  acquaintance  with  power 
plants  or  laboratories.  The  essential  element  of  such  a  gage  is  the  Bourdon 
tube,  a  metal  tube  of  oval  cross-section  curved  along  its  length  to  form  al- 
most a  complete  circle.  One  end  is  closed  and  the  other  is  connected  to  the 
vessel  in  which  the  pressure  is  to  be  measured.  With  an  increase  of  pres- 
sure, the  tube  tends  to  straighten,  and  vice  versa,  and  the  resulting  motion 
of  the  closed  end  is  communicated  by  suitable  linkages  to  a  needle  moving- 
over  a  graduated  dial.  If  the  range  is  above  about  20  psi,  such  gages  are 
usually  calibrated  by  means  of  a  dead  weight  tester,  whereby  known  pressures 
are  produced  in  a  fluid  by  imposing  known  weights  on  a  piston  of  known 
area.  Gages  are  commonly  set  to  read  accurately  at  or  near  the  pressure 
of  probable  use.  Gages  of  several  different  types  or  qualities  are  available 
on  the  market.11  Suction  gages  and  pressure  gages  with  ranges  below  about 
20  psi  are  ordinarily  calibrated  against  mercury  manometers. 

Manometers 

The  manometer  is  a  simple  and  useful  means  for  measuring  partial 
vacuum  and  low  pressure.  It  is,  moreover,  a  primary  instrument ;  it  does 
not  require  calibration,  and  it  is  often  used  as  a  standard  for  the  calibration 
of  other  instruments.  It  is  so  universally  used  that  both  the  inch  of  water 
and  the  inch  of  mercury  have  become  accepted  units  of  pressure  measure- 
ment. In  its  simplest  form,  the  manometer  consists  of  a  U-shaped  glass 
tube  partially  filled  with  a  liquid.  A  difference  in  height  of  the  two  fluid 
columns  denotes  a  difference  in  pressure  in  the  two  legs,  which  is  propor- 
tional to  the  difference  in  height. 

For  converting  manometer  readings  into  other  pressure  units,  certain 
proposed  standard  factors  are  applicable  for  precise  work.  These  are 
based  on  a  standard  gravitational  acceleration  of  32.1740  ft  per  (sec)  (sec) 
and  are  as  follows : 

1  Standard  Atmosphere  «  14.696  Ib  per  sq  in.  -  29.921  in.  mercury  at  32  F 
«  33.96  ft  water  column  at  68  F 

For  most  ordinary  purposes,  the  following  figures  are  of  ample  accuracy : 

1  Atmosphere  »  14.7  Ib  per  sq  in.  «  29.9  in.  mercury 
«=  34.0  ft  (408  in.)  water  column 

Manometer  tubes  should  be  chemically  clean.  The^bore  is  not  important, 
except  insofar  as  it  affects  the  meniscus  through  wetting  or  surface  tension. 
Bores  of  at  least  &  in.  for  rough,  and  \  in.  for  more  precise,  measurements 
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are  recommended.  Liquids  other  than  water  are  sometimes  used  for  low 
pressure  measurement  and,  when  this  is  done,  the  readings  must  be  cor- 
rected for  the  density  of  the  fluid  used. 

For  measuring  pressure  differences  of  a  few  inches  of  water,  or  less,  U- 
gages  are  often  set  at  an  angle  for  scale  amplification.  In  many  gages  of 
this  type,  commonly  termed  draft  gages  or  inclined  manometers,  only  one 
tube  of  small  bore  is  used  and  the  other  leg  is  replaced  by  a  reservoir.  The 
scale  is  calibrated  to  read  in  inches  of  water,  and  it  is  necessary  to  use  a  fluid 
having  the  same  gravity  as  that  for  which  the  gage  was  originally  calibrated, 
or  to  apply  a  correction  if  another  fluid  is  used.  Such  gages  may  be  checked 
one  against  another.  For  more  accurate  calibration  the  gage  may  be 
checked  against  a  micromanometer  or  a  calibrating  device  known  as  a  hook 
gage.12  The  accuracy  of  a  draft  gage  is  dependent  on  the  slope  of  the  tube, 
and  consequently  the  base  of  the  gage  must  be  leveled  carefully.  It  is  not 
desirable  to  use  a  slope  of  less  than  1  in  10.  Where  pressures  are  read  under 
extreme  conditions  of  temperature,  and  calibration  is  possible  only  at  nor- 
mal temperature,  it  is  necessary  to  correct  for  the  change  in  density  of  the 
liquid  in  the  manometer.13  For  measuring  low  pressure  differences  to 
within  0.001  in.  of  water,  very  sensitive  micromanometers  are  available,  such 
as  the  Illinois  or  Wahlen,  the  Meriam,  the  Trimount,  and  the  Emswiler.14- IB 

When  using  a  manometer  or  other  pressure  gage  for  measuring  air  flow, 
by  means  of  orifices,  the  type  of  duct  openings  used  for  manometer  con- 
nections and  their  location  are  important.  Where  velocities  are  low,  as  in 
some  plenum  chambers,  or  where  the  flow  is  free  of  large  eddies  and  parallel 
to  the  walls  of  a  duct,  a  drilled  hole  cleared  of  burrs  and  at  right  angles  to 
the  stream,  is  satisfactory.16  For  higher  velocities,  it  is  common  practice 
to  provide  four  holes  or  taps  around  the  periphery  of  the  duct.  Diamet- 
rically opposite  pairs  of  taps  are  connected  together,  and  then  such  pairs 
are  manifolded  together. 

An  alternate  method  involves  the  use  of  the  Pitot  tube,  shown  in  Fig.  3. 
This  instrument  should  be  pointed  up-stream,  parallel  with  the  air  flow. 
Where  the  flow  is  not  axial  or  parallel  to  the  side  walls  of  the  duct,  a  very 
close  approximation  of  the  static  pressure  and  the  flow  direction  can  be 
obtained  by  a  Fechheimer  tube.17 

Barometer 

The  simplest  and  earliest  type  of  barometer  consists  of  a  glass  tube  some- 
what more  than  30  in.  long  filled  with  mercury,  and  inverted  in  a  cup  par- 
tially filled  with  mercury.  The  height  of  the  mercury  column  in  the  tube 
above  the  mercury  surface  in  the  cup  is  a  measure  of  the  existing  atmos- 
pheric pressure,  except  for  the  slight  pressure  of  the  mercury  vapor  in  the 
space  above  the  mercury  in  the  tube.  This  can  ordinarily  be  ignored. 

Elaborate  mercury  barometers,  fitted  with  vernier  scales,  arc  available. 
For  precise  work,  corrections  must  be  made  for  the  thermal  expansion 
of  the  mercury  and  of  the  scales.18  The  instruments  ure  usually  Cali- 
brated for  32  F  mercury  and  62  F  scale  temperature,  and  the  correction 
C  to  be  subtracted  from  the  observed  barometer's  height  is  obtained  by 
means  of  Equation  2. 

„         ««-  28.630) 


(1.1123 1- 10978) 
where 

C  =  correction  to  be  subtracted,  inches  of  mercury. 
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h  =»  observed  height,  inches  of  mercury. 

t  =  observed  temperature  of  the  barometer,  Fahrenheit  degrees. 

Standard  atmospheric  pressure  at  sea  level  is  29.921  in.  Hgf  and  since 
normal  atmospheric  pressure  decreases  about  0.01  In.  Hg  for  each  10  ft 
increase  in  elevation,  It  is  important  to  make  a  correction  if  the  elevation 
of  the  barometer  is  not  that  of  the  test  apparatus.  In  many  cases  the 
barometric  reading -may  be  obtained  from  a  nearby  Weather  Bureau 
Station,  in  which  case  inquiry  should  be  made  as  to  whether  the  value  is  for 
station  or  sea  level  pressure. 

Atmospheric  pressure  may  also  be  measured  by  an  aneroid  barometer 
which  is  easily  portable.  In  this  type,  variations  in  atmospheric  pressure 
deflect  the  thin  surface  of  a  sealed  diaphragm  capsule.  Most  commercially 
available  aneroid  barometers  are  not  as  accurate  as  the  mercurial  type,  and 
the  best  require  occasional  recalibration.  Open-scale  aneroid  barometers 
are  more  expensive  than  common  mercurial  barometers.  Most  of  the  pres- 
sure gages  used  in  engineering  work  indicate  gage  pressures,  that  is,  the 
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FIG.  3.  STANDARD  PITOT  TUBE 

difference  between  the  pressure  being  measured  and  the  atmospheric  pres- 
sure. Such  pressures  are  called  gage  pressures.  Absolute  pressure  may 
be  obtained  by  adding  barometric  pressure  and  gage  pressure  algebraically. 

AIR  FLOW  MEASUREMENT 

The  theory  of  various  means  for  measuring  the  flow  of  fluids  is  discussed 
in  Chapter  4,  Fluid  Flow.  Heating  and  air  conditioning  engineers  are 
called  upon  to  measure  the  flow  of  air  more  often  than  that  of  other  gases, 
and  usually  the  air  is  measured  at  or  near  atmospheric  pressure,  tinder 
this  condition,  the  air  can  be  treated  substantially  as  an  Incompressible 
fluid  which  implies  that  simplified  formulas  can  be  used  with  sufficient 
accuracy  for  the  solution  of  many  problems.19 

The  Pitot  Tube 

The  construction  of  the  Standard  Pitot  Tube12  is  shown  in  Fig.  3  and  a 
formula  (No.  73  from  Chapter  4)  used  in  conjunction  with  it,  is  as  follows: 


Vm  «  1096.5   A/  — 


(3) 
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where 

Fm  =  velocity,  feet  per  minute. 

hm  s*  velocity  pressure  (Pitot  tube  manometer  reading),  inches  of  water. 
p  *  density  of  air,  pounds  per  cubic  foot. 

Since  the  velocity  in  a  duct  is  seldom  uniform  across  any  section,  and  since 
a  Pitot  tube  reading  indicates  a  velocity  at  ^  only  one  location,  a  traverse  is 
usually  made  to  determine  the  average  velocity  so  that  the  flow  can  be  com- 
puted. Suggested  Pitot  tube  locations  for  traversing^ round  and  rectangu- 
lar ducts  are  shown  in  Fig.  4.  In  general,  the  velocity  is  Jowest  near  the 
edges  or  corners,  and  greatest  at  or  near  the  center.  For  this  reason  a  large 
number  of  readings  should  be  taken  (in  the  case  of  round  ducts  not  less  than 
20)  along  two  diameters  at  centers  of  equal  annular  areas.  In  rectangular 
ducts  the  readings  should  be  taken  in  the  center  of  equal  areas  over  the 
cross-section  of  the  duct.  The  number  of  spaces  should  not  be  less  than  16, 
and  need  not  be  more  than  64.  When  less  than  64  are  taken,  the  number  of 
equal  spaces  should  be  such  that  the  centers  of  the  areas  are  not  more  than 
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FIG.  4.  PITOT  TUBE  TRAVERSE  FOE  ROUND  AJSTD  RECTANGULAR  DUCTS 

6  in.  apart.  In  determining  the  average  velocity  in  the  duct  from  the  read- 
ings given,  the  calculated  individual  velocities  or  the  square  roots  of  the 
velocity  heads  must  be  averaged.  It  is  incorrect  to  use  the  average  velocity 
head  for  this  purpose.  Pulsating  or  disturbed  flow  will  give  erroneous 
results  and  therefore,  if  possible,  the  Pitot  tube  should  be  located  at  least 
7-|  diameters  down-stream  from  a  disturbance  such  as  that  caused  by  a  turn ; 
or  a  criss-cross  type  of  flow  straightener  should  be  installed  in  the  duct  1 J 
diameters  ahead  of  the  Pitot  tube.12  Flow  straighteners  do  not  equalize 
flow  velocity  across  a  duct.  They  merely  serve  to  improve  the  precision  of 
measurements.  Equalization  can  be  effected,  if  desirable,  for  measuring  pur- 
poses by  the  use  of  wire  netting,  perforated  plates  or  cloth  screens  across 
the  duct. 

Many  forms  of  Pitot  tubes,  other  than  the  one  described,  have  been  used 
and  calibrated,20  A  double-ended  tube,21  one  end  pointing  down-stream, 
and  one  up-stream,  is  sometimes  used  for  low  velocities,  but  it  should  be 
carefully  calibrated  for  accurate  results.  A  special  form  of  this  tube  design 
consists  of  two  straight  |  in.  tubes  soldered  together,  closed  at  the  end, 
and  with  a  0.04  in.  hole  in  each  tube  opposite  the  line  of  contact.  This  tube 
is  useful  in  exploring  velocities  in  exhaust  inlets,  such  as  hoods  placed  around 
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grinding  wheels.    To  meet  special  conditions,  different  sized  Pltot  tubes 
which  are  geometrically  similar  to  the  standard  tube  can  be  used- 
Plate  Orifices 

Application  of  the  Pitot  tube  is  often  inconvenient  when  velocities  are 
low,  because  the  resultant  velocity  pressures  become  so  small  that  extraor- 
dinary means  are  necessary  for  measuring  them.  In  addition,  velocity 
surveys  of  the  whole  cross-sectional  area  of  a  duct  are  inexpedient  when 
numerous  test  runs  are  in  prospect.  Chiefly  for  these  reasons  orifices  are 
favored  for  much  test  work.  There  are  two  types:  the  plate  orifice  and 
the  shaped  orifice  or  nozzle.  Plate  orifices  are  simple  to  construct  and  con- 
venient to  use,  in  that  a  frame  can  be  made  to  support  them  in  the  duct  such 
that  one  can  be  removed  and  another  inserted  when  it  is  desirable  to  use  an 
orifice  of  a  different  size. 

Formulas  for  Orifices 

In  the  heating  and  air  conditioning  fields  it  is  usually  convenient  to  obtain 
orifice  pressure  drops  in  inches  of  water  column,  temperatures  in  Fahrenheit 
degrees  and  barometric  pressure  in  inches  of  mercury.  The  air  flow  is 
usually  desired  in  cubic  feet  per  minute  at  the  existing  condition,  so  that 
velocities  in  various  ducts  can  be  computed,  and  ia  pounds  per  hour  so  that 
computations  of  heat  transferred  by  the  air  can  be  based  on  weight,  tem- 
perature change  and  specific  heat.  Equation  55,  Chapter  4,  is  applicable 
and  for  most  purposes  it  can  be  altered  for  convenience  to  read  as  follows:' 


where 

QM  *»  air  flow,  cubic  feet  per  minute* 
K  »  orifice  coefficient, 
D  «  orifice  diameter,  inches. 

Tt  «  temperature  of  air  at  orifice,  Fahrenheit  degrees,  absolute, 
Bt  =>  absolute  pressure  ahead  of  orifice,  inches  of  mercury. 
hw  •»  pressure  drop  through  orifice,  inches  of  mercury. 

As  most  laboratories  are  less  than  1000  ft  above  sea  level,  precision  is  ade- 
quate in  many  cases  if  standard  atmospheric  pressure,  29.92  in.  Hg,  is 
assumed.  Equation  4  then  becomes  : 

Qu  «  0.95  KD*  VWf^  (5) 

After  the  flow  in  cubic  feet  per  minute  is  determined,  it  can  be  expressed 
in  pounds  of  air  per  hour  by  means  of  the  relation 


P  «=  pressure,  pounds  per  square  inch,  absolute. 
R  »  53.3,  the  gas  constant  for  air. 
Tt  «s»  absolute  temperature  of  the  flowing  air,  Fahrenheit  degrees,  absolute. 

The  thin-plate  square-edged  orifice  often  has  a  discharge  coefficient  K 
near  0.60.  The  exact  value  depends  on  the  location  of  the  connections,  the 
pressure  drop,  the  diameter  ratio  of  orifice  to  pipe,  and  the  sharpness  of  the 
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edge.22*28  Other  information  on  orifices  and  their  use  is  contained  in  Chap- 
ter 4,  Fluid  Flow. 

Shaped  orifices  or  nozzles  have  the  advantage,  if  well  made,  that  their 
discharge  coefficients  are  close  to  unity  so  that  the  probability  of  large  errors 
is  less.  Orifices  of  this  type  have  been  adopted  for  several  specific  purposes, 
and  designs  are  described  in  the  A.S.H.V.E.  Unit  Heater1  and  Unit  Venti- 
lator Codes,2  and  in  A.S.R.E.  Circular  133  entitled  "Standard  Methods  of 
Eating  and  Testing  Air  Conditioning  Equipment".  In  some  instances 
nozzles  are  used  in  multiple  so  that  the  capacity  of  the  testing  equipment 
can  be  changed  by  shutting  off  the  flow  through  one  or  more  nozzles.  An 
apparatus  designed  for  testing  the  air  flow  and  capacity  of  air  conditioning 
equipment  is  described  by  Wile24  in  an  article  in  which  pertinent  informa- 
tion on  nozzle  discharge  coefficients,  Reynolds  numbers,  and  the  resistance 
of  perforated  plates  is  also  presented.  Such  apparatus  in  some  laboratories 
is  commonly  referred  to  as  a  code  tester. 

The  Venturi  meter  is  like  the  nozzle,  except  for  the  addition  of  a  down- 
stream transition  section  that  reduces  the  pressure  drop  through  the  meas- 
uring apparatus. 

In  some  cases  air  velocity  through  a  duct,  heater  coil,  or  heating  unit  may 
be  most  conveniently  estimated  by  computation  from  the  heat  given  up  by 
the  coil,  and  the  temperature  rise  (measured  by  thermocouples)  of  the  air 
passing  through.  It  is  essential  to  have  a  uniform  flow  over  the  entire  inlet 
and  outlet  of  the  heater  at  the  plane  of  temperature  measurement. 

Propeller  or  Revolving  Vane  Anemometer 

The  propeller  or  revolving  vane  anemometer  consists  of  a  light  revolving 
wind-driven  wheel  connected  through  a  gear  train  to  a  set  of  recording  dials 
that  read  the  linear  feet  of  air  passing  in  a  measured  length  of  time.  It  is 
made  in  various  sizes,  3  in.,  4  in.,  and  6  in.  being  most  common.  Each 
instrument  requires  individual  calibration.  At  low  velocities  the  friction 
drag  of  the  mechanism  is  considerable.  In  order  to  compensate  for  this,  a 
gear  train  that  overspeeds  is  commonly  used.  For  this  reason  the  correc- 
tion is  often  additive  at  the  lower  range,  and  sub  tractive  at  the  upper  range, 
with  the  least  correction  in  the  middle  range  of  velocities.  Most  of  these 
are  not  sensitive  enough  for  use  below  200  fpm.  Anemometers  of  this  type 
are  practically  standard  for  wind  measurements,  and  may  be  used  in  large 
ducts  where  the  air  flow  is  not  seriously  altered  by  the  presence  of  the 
instrument  itself. 

Deflecting  Vane  Anemometer 

The  deflecting  vane  anemometer  consists  of  a  pivoted  vane  enclosed  in  a 
case.  Air  exerts  a  pressure  on  the  vane  as  it  passes  through  the  instrument 
from  an  up-stream  to  a  down-stream  opening.  The  movement  of  the  vane 
is  resisted  by  a  hair  spring  and  a  damping  magnet.  The  instrument  gives 
instantaneous  readings  of  directional  velocities  on  an  indicating  scale. 
With  fluctuating  velocities,  it  is  necessary  to  average  visually  the  swings  of 
the  needle  to  obtain  average  velocities.  This  instrument  is  very  useful  for 
studying  motion  of  the  air  in  a  room,25  and  in  locating  objectionable  drafts. 
Various  attachments  are  available,  such  as  the  double"tube  arrangement  for 
determining  velocities  in  ducts,  and  a  device  for  measuring  static  pressures. 
Each  instrument,  and  the  attachments  for  it,  must  receive  individual  cali- 
bration. For  determining  average  velocity  in  a  duct,  it  is  necessary  to 
traverse  the  duct  as  is  done  when  using  the  Pitot  tube. 
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Measurement  of  Velocities  at  Inlets  and  Outlets  of  Ducts 

In  the  field  It  is  often  desirable  to  make  volume  measurements  at  tlie  face 
of  the  supply  openings.  It  is  rare  to  have  access  to  the  interior  of  duct 
sections  where  the  flow  is  sufficiently  uniform  for  measurement.  For  accu- 
racy, the  instrument  and  its  application  should  be  checked  on  a  similar 
approach  and  grille  in  the  laboratory  before  use  in  the  field. 

Tests  have  shown  that  the  propeller  type  anemometer  can  be  used  suc- 
cessfully on  most  of  the  common  types  of  supply  grilles.26'27  The  core 
area  is  divided  into  equal  squares,  and  the  anemometer  is  held  against  the 
face  of  the  grille  for  the  same  length  of  time  in  each.  To  obtain  the  air 
volume  in  cubic  feet  per  minute,  the  average  corrected  velocity  in  feet  per 
minute  thus  obtained  is  multiplied  by  the  average  of  the  gross  and  net  free 
area  of  the  grille  (core)  in  square  feet. 

On  exhaust  openings,  the  anemometer  traverse  is  made  as  described 
previously.  The  air  volume  may  be  determined  by  multiplying  the  cor- 
rected velocity  in  feet  per  minute  by  the  gross  core  area  of  the  grille  in 
square  feet,  and  by  a  coefficientior  average  conditions  of  0.85.28 

When  a  propeller  type  anemometer  is  held  in  a  stream  of  varying  veloc- 
ities, it  tends  to  indicate  higher  than  the  true  average,  that  is,  the  speed  of 
the  propeller  is  nearer  to  the  top  velocity  in  its  area  than  it  is  to  the 
minimum  velocity.  This  is  the  main  reason  for  the  large  difference  in 
ratings  of  unit  ventilators  by  the  anemometer  method,  and  by  air  volume 
measurements  in  a  duct  approach  to  the  inlet.29 

Anemometers  can  be  used  within  their  range  at  the  face  of  supply  grilles 
when  properly  applied.  In  principle,  it  is  a  case  of  finding  the  velocity  at 
many  points,  and  using  the  average  thus  found  with  the  correct  discharge 
area  at  that  cross-section.  The  deflecting  vane  anemometer  equipped  with 
a  jet  on  the  end  of  a  rubber  tube  has  been  found  especially  convenient  and 
accurate  on  supply  grilles.80  On  modern  air  conditioning  grilles,  the  core 
area  is  used  without  a  correction  coefficient  when  the  jet  is  held  one  inch 
away  from  the  face  of  the  grille.  At  this  distance,  the  constriction  due  to 
the  thin  bars  has  disappeared,  since  the  small  air  jets  have  reunited  and  the 
air  stream  has  not  yet  spread  beyond  the  core  dimensions.  With  deflecting 
grilles  the  exploring  jet  should  be  turned  to  the  angle  giving  a  maximum 
reading.  With  suitable  traversing  tips  and  calibration,  this  instrument 
may  also  be  used  on  exhaust  grilles  if  proper  grille  factors  are  applied.81 
Those  contemplating  such  measurements  should  consult  the  references 
cited. 

Smoke  is  a  qualitative  tool  which  is  very  useful  in  studying  air  move- 
ments. Satisfactory  smoke  can  be  obtained  from  titanium  tetra-chloride 
(which,  however,  is  very  irritating  to  nasal  membranes)  or  by  mixing 
potassium  chlorate  and  powdered  sugar  (a  non-irritating  smoke)  and  firing 
the  mixture  with  a  match.  This  latter  process  evolves  considerable  heat, 
and  it  should  be  confined  in  a  pan  away  from  flammable  materials.  The 
titanium  tetra-chloride  smoke  lends  itself  to  spot  determinations,  partic- 
ularly for  leakage  through  casings  and  ducts,  as  it  can  be  easily  handled 
in  a  small  pistol-like  ejector.  The  fumes  of  aqua  ammonia  and  of  sulfuric 
acid,  if  permitted  to  mix,  form  a  white  precipitate  which  is  useful  for  some 
purposes.  Two  bottles,  one  containing  ammonia  water  and  the  other  acid, 
are  connected  to  a  common  nozzle  by  means  of  rubber  tubing.  Air  is 
forced  over  the  surfaces  of  the  liquids  in  the  bottles  by  means  of  a  syringe, 
and  the  two  streams,  upon  mixing  at  the  nozzle,  form  a  white  cloud. 
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The  Kata  Thermometer 

The  measurement  of  air  current  velocities  within  enclosed  spaces,  such  as 
the  rooms  of  a  house,  is  usually  a  tedious  undertaking.  ^  However,  useful 
data  can  be  obtained  by  using  the  instruments  described  in  following  para- 
graphs if  they  are  maintained  in  calibration,  and  the  user  understands  the 
operation  and  limitations  of  the  instruments.32 

One  of  the  instruments  useful  for  determining  the  velocity  of  air  currents 
in  free  spaces  is  the  Kata  thermometer  which  is  essentially  an  alcohol 
thermometer  with  a  large  bulb.  The  instrument  is  heated  above  100  F5 
and  then  the  time  in  seconds  required  for  it  to  cool  from  100  to^  95,  when 
located  in  the  air  current,  gives  a  measure  of  the  air  speed.  It  is  important 
to  have  the  Kata  thermometer  dry  before  taking  the  reading.  Each  Kata 
has  its  own  factor  etched  on  the  stem,  and  this  factor  must  be  used  with  its 
cooling  formula  or  chart  for  obtaining  the  velocity.  The  Kata  thermom- 
eter is  useful  in  exploring  ventilated  spaces  to  determine  whether  the  proper 
air  movement  and  distribution  are  being  maintained.  It  is  also  used  in 
determining  the  cooling  power  of  the  atmosphere,  since  it  loses  heat  by 
radiation  and  convection  when  dry,  and  by  radiation,  convection,  and 
evaporation  when  the  bulb  is  equipped  with  a  wetted  cloth  covering.83 

Hot  Wire  Anemometer 

In  the  hot  wire  anemometer,  a  wire  is  heated  electrically,  and  its  electrical 
resistance  is  measured  and  used  to  indicate  air  speed.34'35  This  is  possible 
because  the  resistance  depends  upon  the  temperature  of  the  wire  and  the 
temperature,  in  turn,  depends  on  the  speed  of  the  air  to  which  the  wire  is 
exposed.  In  a  variation  of  the  heated  bulb  thermometer,  a  current  of  elec- 
tricity flows  through  a  coil  around  the  bulb  of  a  thermometer  and  the 
difference  in  temperature,  indicated  by  this  heated  thermometer,  and  that 
of  the  air,  indicated  by  another  thermometer,  is  an  index  of  the  air  speed.86 
The  heated  thermocouple  anemometer  employs  a  thermocouple  instead  of 
a  thermometer.34  Calibration  is  necessary  for  all  instruments  of  this  class. 
Hot  wire  and  heated  thermometer  anemometers  are  of  interest  because  they 
are  sensitive  to  lower  air  speeds  than  other  types. 

Infiltration  or  Air  Change  Measurement 

In  the  past,  efforts  have  been  made  to  determine  the  rate  of  air  change  in 
buildings  by  impregnating  the  air  with  C(\  hydrogen,  water  vapor  or 
another  substance,  and  then  observing  the  rate  of  decrease  in  concentra- 
tion37 with  an  Orsat  apparatus,  a  psychrometer  or  another  suitable  means. 
Success  has  not  been  attained  in  a  satisfactory  degree,  chiefly  because  build- 
ing materials  absorb  or  reject  the  substances  used  to  impregnate  the  air, 
thus  impairing  the  precision  of  the  tests. 

HUMIDITY  MEASUREMENT 
Psychrometers 

Any  instrument  capable  of  measuring  the  humidity  or  hygrometric  state 
of  the  air  is  a  hygrometer.  A  psychrometer  is  a  particular  kind  of  hygrom- 
eter which  consists  of  two  mercury  thermometers,  one  of  which  has  a  cloth 
wicker  sock  applied  to  its  bulb.  For  use,  the  wick  is  wetted  with  water  and 
ventilated  with  air  moving  at  a  recommended  rate  of  900  fpm  or  more,  rela- 
tive to  the  instrument.88  In  the  simpler  and  more  common  type,  known  as 
the  sling  psychrometer,  the  two  thermometers  are  mounted  side  by  side  on 
a  frame  fitted  with  a  handle  by  which  the  device  can  be  whirled  through 
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the  air.  The  motion  is  arrested  for  reading  the  thermometers,  and  continued 
until  the  thermometer  readings  become  steady.  Due  to  evaporation,  the 
wet-bulb  thermometer  will  indicate  a  lower  temperature  than  the  dry-bulb 
thermometer,  and  the  difference  is  known  as  the  wet-bulb  depression. 
Charts  and  tables  are  available  showing  the  relation  between  the  thermom- 
eter readings  and  the  humidity.39'40  Data  are  usually  based  on  a  total 
pressure  of  one  standard  atmosphere.  For  precise  work,  a  correction  is 
necessary  for  barometric  pressure  and  is  usually  made  by  multiplying  the 
observed  relative  humidity  by  the  ratio  of  the  observed  to  the  standard 
atmospheric  pressure. 

For  air  temperatures  below  32  F,  the  water  on  the  wick  may  either  freeze 
or  super-cool,  and  its  state  must  be  known  and  a  proper  table  or  chart  used, 
since  the  wet-bulb  temperature  is  different  for  ice  and  for  water.  Some 
operators  remove  the  wick  from  the  wet-bulb  for  freezing  conditions  and 
dip  the  bulb  in  water  a  few  times,  allowing  the  water  to  freeze  on  the  bulb 
between  dips  and  to  form  a  film  of  ice.  Since  wet-bulb  depression  is  slight 
at  low  temperatures,  precise  temperature  readings  are  essential. 

In  the  ventilated  or  aspirated  psychrometer,  the  thermometers  remain 
stationary,  and  a  small  fan  or  blower  or  a  syringe  is  used  to  move  the  air 
across  the  thermometer  bulbs.  Various  designs  have  been  employed  in 
the  laboratories,  and  several  more  or  less  standardized  models  are  on  the 
market. 

The  Dew-Polnt  Hygrometer 

In  the  usual  form  of  these  instruments,  means  are  provided  for  cooling, 
and  of  observing  the  temperature  of,  a  surface  which  is  exposed  to  air.  The 
temperature  at  which  visible  condensation  occurs  on  the  surface  is  con- 
sidered the  dew-point  of  the  air.  With  the  dew-point  temperature  known, 
the  relative  humidity  and  other  properties  of  the  air  can  be  taken  from 
tables  and  charts  (See  Chapter  3).  A  bright  surface  or  metallic  mirror  is 
usually  employed  to  improve  the  visibility  of  the  dew  deposit,  and  various 
means  are  used  to  cool  the  mirror  froni  the  back,  including  evaporating 
ether  or  another  refrigerant,  or  a  stream  of  air  passed  through  dry  ice.  Dew- 
point  temperatures,  in  some  cases,  are  observed  by  means  of  thermometers 
in  fluids  in  contact  with  the  back  of  the  mirror,  but  in  modern  instruments 
thermocouples  are  used,  and  are  soldered  or  welded  to  the  mirror  itself. 
The  dew-point  apparatus  is  not  so  commonly  used  as  the  psychrometer, 
probably  because  it  is  less  convenient.  It  is  usable,  however,  for  higher 
temperatures  than  the  wet-and  dry-bulb  psychrometer,  and  should  be  con- 
sidered for  dew-points  near  or  above  the  boiling  point,  as  in  the  case  of  flue 
gases.  Special  apparatus  for  high  precision  has  been  constructed,  in  which 
the  photronic  cell  and  a  light  source  are  used  for  dew  or  frost  detection 
instead  of  visual  inspection. 

Air  Hygrometers 

Many  materials,  especially  organic  materials,  change  in  dimensions  with 
changes  in  humidity,  and  many  devices  have  been  designed  in  efforts  to 
utilize  this  action  in  simple  and  effective  humidity  indicators,  recorders  and 
controllers.  Unfortunately,  no  material  has  been  found  which  can  be  relied 
upon  to  perfectly  reproduce  its  action  when  exposed  to  repeated  identical 
changes  in  humidity.  The  field  has  been  well  explored,  and  instrument  and 
control  manufacturers  are  practically  unanimous  in  the  selection  of  human 
hair  for  this  service. 
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The  hair  hygrometer  consists  of  from  one  to  several  strands  of  hair  with 
a  mechanism  whereby  changes  in  length  of  the  strands,  due  to  changes  in 
humidity,  cause  an  indicator  to  move  across  a  dial.  In  the  recording  instru- 
ment, a  pen  is  moved  across  and  marks  a  moving  paper  ribbon,  indexed  in 
relative  humidity.  In  a  controller,  or  humidistat,  ^the  motion  makes  or 
breaks  an  electric  contact  governing  the  air  conditioning  equipment.  Such 
devices  require  initial  calibration  and,  for  precise  work,  frequent  recalibra- 
tion  or  setting,  especially  if  they  are  exposed  to  extremes  of  either  high  or 
low  humidity.  For  continuous  operation,  with  only  slight  changes  in  hu- 
midity, some  operators  report  satisfactory  reproducibility  of  results. 

Electrolytic  Hygrometers 

The  dampness,  and  therefore  the  electrical  resistance  of  a  salt  film,  varies 
with  the  humidity  of  the  atmosphere  to  which  the  film  is  exposed,  and  at 
least  two  types  of  instruments  based  on  this  fact  have  been  developed. 
The  Dunmore  hygrometer  was  originally  designed  for  use  in  radio-sondes 
or  small  balloons,  and  means  were  devised  whereby  the  device  transmits 
humidity  data  back  to  earth  in  the  form  of  a  radio  signal.  In  the  more 
usual  form,  this  hygrometer  consists  of  a  dual  winding  of  small  wire  on  a 
non-conducting  tube.  The  whole  Is  coated  with  an  electrolytic  film,  usually 
containing  a  salt  such  as  lithium  chloride,  which  forms  an  electric  connec- 
tion between  the  windings.  Means  are  provided  for  determining  the  elec- 
trical resistance  of  the  film,  which  is  an  indication  of  the  humidity.  In  the 
radio-sonde,  variations  in  the  resistance  of  the  film  affect  the  frequency  of 
an  oscillating  circuit.  These  hygrometers  are  usually  calibrated  by  com- 
parison with  a  wet  and  dry-bulb  psychrometer.  For  calibration  for  some 
purposes,  particularly  for  use  at  sub-zero  temperatures,  means  have  been 
provided  for  producing  atmospheres  of  known  humidity.41  Advantages  of 
instruments  of  this  type  for  some  scientific  and  industrial  purposes  are 
becoming  apparent,  and  some  forms  of  them  are  on  the  market. 

The  Weaver  type  hygrometer  is  particularly  useful  for  determining  the 
humidity  of  air  or  other  gas  in  pipes  or  closed  vessels  at  various  pressures 
and  temperatures.  It  consists  of  a  threaded  plug  carrying  a  central  elec- 
trode insulated  from  the  plug,  except  for  a  gelatinous  electrolytic  film.  The 
film  is  exposed  to  the  air  or  gas  from  the  pipe  or  vessel,  and  provision  is  made 
for  determining  its  electrical  resistance.  The  hygrometer,  or  detector,  is 
mounted  in  a  manifold  equipped  with  valves  whereby  the  film  can  be  alter- 
nately exposed  to  the  test  gas,  and  to  a  standard  gas  having  a  known  absolute 
humidity.  The  pressure  of  the  standard  gas  is  varied  until  contact  with  it 
establishes  the  same  resistance  in  the  film  as  the  test  gas,  and  the  humidity 
of  the  test  gas  is  then  determined  by  computation  based  on  the  gas  laws. 

Chemical  Hygrometry 

The  humidity  of  an  atmosphere  can  be  measured  directly  by  extracting 
and  weighing  the  water  vapor  from  a  known  sample.  For  precise  labora- 
tory work,  powerful  desiccants  such  as  sulphuric  acid  and  phosphorus  pent- 
oxide  are  use<j  for  the  extraction  process,  while  for  some  purposes,  calcium 
chloride,  lithium  chloride  or  silica  gel  are  satisfactory.  Freezing  the  water 
vapor  out  of  a  measured  stream  of  air  or  gas  with  solid  carbon  dioxide,  and 
weighing  the  resulting  ice,  is  a  similar  operation.  A  thermal  conductivity 
method  for  gas  analysis  can  be  used  for  temperatures  above  212  F,  or  for 
very  low  humidities.42 
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TBANSPER  THROUGH  BUILDING  MATERIALS 
Thermal  Conductivity 

Use  of  the  guarded  hot  plate  apparatus  for  determining  the  thermal  con- 
ductivity (k  value)  of  homogeneous  materials  was  adopted  by  A.S.H.V.E. 
in  1942,  and  has  become  practically  universal,  and  the  apparatus  is  de- 
scribed in  an  A.S.T.M.  publication.43' 44  It  consists  essentially  of  an  elec- 
trically heated  plate  and  two  water  cooled  plates.  Two  identical  speci- 
mens or  slabs  of  a  material  are  required  for  a  test,  and  one  is  mounted  on 
each  side  of  the  hot  plate.  A  cold  plate  is  then  pressed  against  the  outside 
of  each  specimen  by  a  clamp  screw.  Hot  plate  apparatus  accommodating 
specimens  on  the  order  of  one  foot  square  and  an  inch  or  more  thick,  is 
common.  The  apparatus  at  the  National  Bureau  of  Standards  takes  speci- 
mens 8  in.  square,  while  plates  as  large  as  3  ft  square  have  been  used.  The 
heated  plate  is  divided  into  two  portions:  the  central  or  measuring  section, 
and  the  outer  or  guard  section.  During  tests  the  two  sections  are  main- 
tained as  nearly  as  possible  at  the  same  temperature,  and  the  purpose  of  the 
guard  section  is  to  minimize  errors  due  to  edge  effects.  The  electric  energy 
required  to  heat  the  measuring  section  is  carefully  observed  and,  converted 
to  Btu  per  hour,  is  divided  by  the  area  and  the  temperature  gradient  to 
obtain  the  conductivity  of  a  material  tested. 

Wall  Conductances 

The  thermal  conductances  (C  values)  of  many  walls  can  be  satisfactorily 
estimated  from  the  conductivities  of  their  components  and  their  dimensions, 
but  some  walls  are  complicated  by  the  inclusion  of  metal,  for  instance,  and 
tests  for  conductance  are  required.  The  apparatus  is  required  to  accom- 
modate large  specimens  representing  actual  construction.  The  shielded 
hot  box  apparatus  was  developed  for  this  purpose.45  Specimens  for  the 
apparatus  at  the  National  Bureau  of  Standards  are  5  ft  long  and  8  ft  high, 
while  others  require  different  sizes,  some  larger,  others  smaller. 

The  guarded  hot  box  is  described  in  the  A.S.H.V.E.  Standard  Test  Code 
for  Heat  Transmission  through  Walls.45  The  apparatus  consists  essentially 
of  three  boxes:  a  cold  box,  cooled  by  a  refrigerating  machine;  a  hot  box, 
heated  electrically;  and  a  metering  box  also  heated  electrically.  Each  box 
has  an  open  side  to  be  placed  against  the  specimen.  The  cold  box  is  clamped 
against  one  side  of  the  specimen,  and  the  hot  box  against  the  other.  The 
hot  box  encloses  the  metering  box  and  is  kept  at  the  same  temperature  to 
minimize  heat  exchanges  to  or  from  the  metering  box,  except  through  the 
specimen.  The  electric  energy  necessary  to  heat  the  metering  box  is  meas- 
ured, converted  to  Btu  per  hour,  and  divided  by  the  area  and  the  tempera- 
ture difference  through  the  wall,  from  surface  to  surface,  to  yield  the 
conductance  of  the  wall.  The  transmittance  or  [lvalue  of  the  wall  is  then 
computed  by  means  of  the  surface  coefficients  from  Chapter  9. 

The  Nicholls  heat  flow  meter  is  sometimes  useful  for  measuring  steady 
heat  flow  through  a  wall  or  other  building  member.46  In  essence,  this  meter 
consists  of  a  plate  or  slab  of  material  of  known  thermal  resistance  having 
attached  thermocouples  on  both  sides.  For  use,  the  device  is  pressed 
against  or  cemented  to  the  wall  to  be  tested.  At  steady  state,  the  tempera- 
ture difference  through  the  slab,  measured  with  the  thermocouples,  with 
the  known  thermal  resistance  of  the  slab,  indicates  the  heat  flow  through 
the  slab  and  hence,  through  the  wall  covered  by  it.  For  best  results,  such 
meters  are  calibrated  by  means  of  a  guarded  hot  plate  or  other  suitable 
apparatus.  The  chief  precaution  is  to  assure  that  the  heat  flow  is  steady 
at  the  time  of  measurement. 
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EVALUATION  OF 

Advocates  of  radiant  heating  emphasize  the  fact  that  comfort  depends 
on  radiant  heat  exchanges,  as  well  as  air  temperature.  For  this  reason  sev- 
eral instruments  have  been  devised  to  evaluate  the  comfort  or  warmth  of 
rooms,  taking  radiant  as  well  as  convective  effects  into  account.  Prom- 
inent among  these  are  the  eupatheoscope,  the  globe  thermometer,  the 
thermal  integrator  and  the  heated  globe.47-48  Descriptions  are  contained  in 
the  references,  and  are  omitted  here  because  these  devices  are  not  widely 
used  in  America  for  several  reasons,  among  which  is  the  fact  that  radiant 
heating  with  high  temperature  sources  Is  not  a  chief  method  of  comfort 
heating  in  this  country. 

COMBUSTION  ANALYSIS 

There  are  two  approaches  to  the  problem  of  measuring  the  capacities  of 
fuel  burning  devices,  such  as  boilers  and  furnaces.  The  direct  or  calori- 
metric  test  consists  in  measuring  the  change  in  enthalpy  or  heat  content  of 
the  fluid,  air  or  water,  heated  by  the  device  and  multiplying  by  the  flow 
rate  in  pounds  per  hour  to  arrive  at  the  capacity  in  Btu  per  hour.4t>  The 
indirect  test  consists  in  determining  the  heat  lost  in  the  flue  gases  and 
deducting  it  from  the  heat  evolved  by  combustion  of  the  fuel.60  A  heat 
balance  consists  in  the  simultaneous  application  of  both  tests  to  the  same 
device.  The  indirect  test  almost  invariably  indicates  the  greater  capacity, 
and  the  difference  is  credited  to  radiation  from  the  boiler  or  furnace  casing 
and  unaccounted  for  loss. 

In  the  case  of  some  small  equipment,  the  expense  of  the  direct  test  is  not 
considered  justifiable,  and  the  indirect  test  is  relied  upon  with  an  arbitrary 
radiation  and  unaccounted  for  factor.50 

Flue  Gas  Analysis 

The  Orsat  apparatus  is  commonly  used  for  analyzing  flue  gases*  In  its 
ordinary  form,  it  consists  of  three  pipettes  and  a  means  for  isolating  a  sample 
of  flue  gas  in  a  graduate.  After  measuring,  the  sample  is  expelled  from  the 
graduate  into  the  first  pipette  where  the  carbon  dioxide  is  extracted  by 
potassium  hydroxide.  The  sample  is  then  remeasured  and  successively 
passed  into  the  second  and  third  pipettes,  where  the  oxygen  and  the  carbon 
monoxide  are  respectively  extracted  by  potassium  pyrogallate  and  cuprous 
chloride. 

For  field  testing  and  burner  adjustment,  simpler  portable  devices  are 
available  for  carbon  dioxide  determination  only.  From  curves,  based  on 
typical  hydrogen  content  of  several  common  fuels,  efficiencies  may  be 
estimated  from  the  carbon  dioxide  value  obtained.  More  elaborate  labora- 
tory equipment  is  sometimes  provided  for  precise  determination  of  carbon 
monoxide  content  by  burning  the  carbon  monoxide  to  carbon  dioxide  in 
presence  of  a  catalyst.51- 62  In  large  plants,  carbon  dioxide  recorders  arc 
used  to  obtain  a  continuous  indication  of  the  plant's  efficiency.53 

SMOKE  DENSITY  MEASUREMENTS 

Ringelmann  charts  are  widely  used  for  evaluating  the  density  of  smoke 
discharged  from  chimneys  or  stacks,  and  smoke  ordinances  are  based  on 
them  in  some  cities.  Each  chart  is  composed  of  a  series  of  crossed  black 
lines  on  white  paper  which,  at  a  distance  of  about  50  ft,  is  visually  compared 
with  the  smoke  under  observation.  Four  charts  are  used  with  different 
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TABLE  1.    RINGELMANN  SMOKE  CHART  SPACINOS 


NTJMBER 

THICKNESS  OP 

DISTANCES  IN  CLEAR 

OP  CASD 

LINKS,  MM 

BETWEEN  LINUS,  MM 

1 

1,0 

9.0 

2 

2.3 

7.7 

3 

3,7 

6.3 

4 

5.5 

4.5 

degrees  of  blackness  as  shown  in  Table  1.  The  smoke  density  Is  specified 
by  Ringelmann  numbers,  from  1  to  4. 

The  photo-electric  cell  is  used  in  some  apparatus  developed  for  smoke 
density  recording  in  large  plants.  The  same  device  is  included  in  the  test- 
ing equipment  for  domestic  oil  burners  described  in  National  Bureau  of 
Standards,  Commercial  Standard  CS75-42.5'i  Under  Laboratory  Tests  this 
publication  contains  the  following  section:  "Smoke  Determination. — After 
combustion  has  reached  equilibrium,  the  amount  of  smoke  in  the  flue  gases, 
when  viewed  lengthwise  through  4  feet  of  the  smoke  pipe  in  accordance  with 
the  Underwnters'  Laboratories,  Inc.,  Standard  for  Domestic  Oil  Burners 
(Subject  296),  March  1934  and  subsequent  revisions,  shall  not  reduce  the 
output  of  a  standard  photoelectric  cell  from  9  microamperes,  with  a  clear 
smoke  pipe,  to  less  than  8  microamperes."  The  Commercial  Standard  also 
requires  that  during  a  test  after  installation,  the  burner  shall  operate  with- 
out visible  smoke  at  the  chimney  top. 

A  method  of  evaluating  smoke  produced  by  pot  type  oil  burners  was 
developed  for  the  Institute  of  Cooking  and  Heating  Appliance  Manufac- 
turers by  R.  N.  St.  John.  A  glass  rod  is  interposed  between  a  light  source 
and  a  photo-sensitive  cell,  both  before  and  after  being  exposed  to^the  flue 
gases  from  a  heating  device.  The  diminution  of  the  light  transmitted  by 
the  rod,  due  to  the  deposit  of  soot  on  its  surface,  causes  a  reduction  in  the 
cell  emf  which  is  taken  as  an  index  of  the  concentration  of  smoke  in  the  flue 
gases.  A  description  of  the  method  is  contained  in  National  Bureau  of 
Standards  Commercial  Standard  CS104-46.50 

DETERMINATION  OF  AIR  CONTAMINANTS 

Two  measures  of  air  dustiness  are  in  use:  particles  per  unit  volume  of 
air,  and  weight  per  unit  volume  of  air.  A  comparative  method  consists 
in  drawing  known  samples  of  air  through  a  known  area  of  filter  cloth  or 
paper,  and  comparing  the  density  of  the  resulting  spots  with  blackness 
charts  or  with  spots  from  other  sources. 

For  counting,  particles  are  captured  in  a  device  such  as  the  Smith- 
Greenburg  impinger,  the  Owens  jet  dust  counter,  or  in  an  electrostatic  or  a 
thermal  precipitation  device  designed  for^the  purpose.55  Counting  is  done 
with  a  microscope,  and  the  method  yields  important  results  when  the  nature 
or  constituents  of  the  dust  are  of  interest. 

For  a  weight  determination,  a  known  volume  of  air  is  drawn  through  a 
porous  crucible  or  thimble,  and  the  weight  gained  by  the  thimble  during  the 
operation  is  the  weight  of  the  dust  captured  from  the  air  sample.56  For 
precise  work,  the  thimble  must  be  dried  in  a  desiccating  chamber  before 
weighing  each  time.  The  test  method  specified  in  the  A.S.H.V.E.  Code  for 
Testing  and  Eating  Air  Cleaning  Devices  Used  in  General  Ventilating  Work 
is  based  on  a  weight  method  for  evaluating  the  cleanliness  of  air  after  pass- 
ing through  an  air  cleaner.57 

The  Code  has  not  filled  all  needs  for  an  air  cleaner  testing  method  and  the 
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subject  is  now  under  Investigation  by  the  A.S.H.V.E.  Research  Laboratory. 
At  the  National  Bureau  of  Standards  a  test  method  was  developed  for 
interested  Government  agencies,  under  which  measured  samples  of  the  un- 
cleaned  air  and  of  the  air  cleaned  by  a  device  under  test  are  passed  through 
filter  papers.58  The  ratio  of  the  flow  rates  through  the  two  filter  papers 
is  adjusted  during  successive  tests,  until  the  resulting  dust  spots  approach 
equality  in  density  as  shown  by  a  photometer.  The  ratio  of  the  flow  rates 
is  then  indicative  of  the  effectiveness  of  the  cleaner  in  arresting  dust.  A 
statement  of  an  air  cleaner's  efficiency  by  any  test  method,  is  meaningless 
unless  the  test  dust  is  specified. 

Other  instruments  for  determining  gaseous  and  particulate  air  con- 
taminants are  described  in  industrial  hygiene  literature.55'  59>  G0'  61 

Sound  and  Vibration  Measurements 

Approximate  measurements  of  sound  intensity  can  be  made  by  aural 
methods.  The  ear  is  used  to  compare  the  measured  noise  with  sounds  of 
known  strength. 

Electrical  devices,  in  which  the  ear  plays  no  part,  furnish  the  most  satis- 
factory means  of  measuring  noise  intensities.  The  sound  meter  consists 
essentially  of  a  microphone  coupled  to  an  amplifier  designed  with  an  ear-like 
response.  The  output  of  the  microphone  is  read  on  a  sensitive  direct 
current  milliammeter  graduated  to  read  directly  in  decibels.  Instruments 
of  this  type,  if  connected  with  suitable  band  pass  filters,  can  be  used  to  study 
the  intensity  of  the  sound  over  its  entire  range  of  frequencies. 

Electrical  instruments  are  available  for  measuring  the  frequency,  ampli- 
tude and  acceleration  of  a  vibrating  mass.  They  are  usually  more  con- 
venient and  accurate  than  the  vibrating  reed  tachometer,  the  seismic  type 
displacement  meters  or  the  accelerometers  which  can  also  be  used  for 
this  purpose.  Sound  level  meters  are  discussed  in  several  text  books02' 63 
and  standards.64 
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1939,  p.  645). 

88  Temperature,  Humidity  and  Air  Motion  Effects  in  Ventilation,  by  0.  W.  Arms- 
pach  and  Margaret  Ingels  (A.S.H.V.E.  TRANSACTIONS,  Vol.  28,  1922,  p.  103). 

34  A.S.H.V.E.  RESEARCH  REPORT  No.  1165 — Development  of  Instruments  for  the 
Study  of  Air  Distribution  in  Rooms,  by  A.  P.  Kratz,  A.  E.  Hershey  and  R.  B.  Engdahl 
(A.S-H.V.E.  TRANSACTIONS,  Vol.  46,  1940,' p.  351). 

36  Development  of  Testing  Apparatus  for  Thermostats,  by  D.  D.  Wile  (A.S.H.V.E. 
TRANSACTIONS,  Vol.  42, 1936,  p.  349). 

«  u  The  Heated  Thermometer  Anemometer,  by  C.  P.  Yaglou  (Journal  Industrial 
Hygiene  and  Toxicology,  Vol.  20,  October,  1938,  No.  8). 

37  A.S.H.V.E.  RESEARCH  REPORT  No.  959— Indices  of  Air  Change  and  Air  Distribu- 
tion, by  F.  C.  Houghten  and  J.  L.  Blackshaw  (A.S.H.V.E.  TRANSACTIONS,  Vol.  39, 
1933,  p.  261). 

M  The  Temperature  of  Evaporation,  by  Willis  H,  Carrier  (A.S.H.V.E.  TBANSAC- 
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*»  Psychometric  Tables  for  Vapor  Pressure,  Relative  Humidity  and  Temperatures 
of  the  Dew-Point  (17.  8.  Department  of  Agriculture,  Weather  Bureau,  Washington, 
D.  0.)- 

40  A  Review  of  Existing  Psychrornetrie  Data  in  Relation  to  Practical  Engineering 
Problems,  by  W.  EL  Carrier  and  0. 0.  Maokey  (A £MJ5.  Transactions,  January,  1937, 
p.  33;  Discussion  AJSMJS.  Transactions^  August,  1937,  p.  528)« 

41  Divided  Flow  Low  Temperature  Humidity  Test  Apparatus,  by  Arnold  Wexler 
(National  Bureau  of  Standards,  Research  Paper  No.  1894). 

42  Gas  Analysis  by  Measurement  of  Thermal  Conductivity ,  by  H.  A.  Daynes  (Cam- 
bridge Press,  1933). 

43  Standard  Method  of  Test  for  Thermal  Conductivity  of  Materials  by  Means  of 
the  Guarded  Hot  Plate,  adopted  July,  1942,  by  A.S.ELV.E.  (A.S.T.M.  Designation 
C177-42T). 

44  Guarded  Hot  Plate  Apparatus  Complying  With  the  Requirements  of  Section  4 
of  A.S.TM.  Method  of  Test  for  Thermal  Conductivity  of  Materials  by  Means  of  the 
Guarded  Hot  Plate,  AJ3.TM. 

45  A  S.H  V.E.  Standard  Test    Code   for    Heat    Transmission   Through    Walls 
(A.S.ELV.E.  TRANSACTIONS,  Vol.  34, 1928,  p.  253),  adopted  1928, 

46  A.SJELV.E.  RESEARCH  RBPOKT  No.  685— Measuring  Heat  Transmission  in  Build- 
ing Structures  and  a  Heat  Transmission  Meter,  by  P.  Nicholls  (A.S.H.V.E.  TRANSAC- 
TIONS, Vol.  30,  1924,  p.  65). 

47  Instruments  and  Methods  for  Recording  Thermal  Factors  Affecting  Human 
Comfort,  by  C.  P.  Yaglou,  A.  P.  Kratz  and  C.-E.  A.  Winslow  (Year  Book,  American 
Journal  Public  Health,  36-37), 

4SThe  Thermo-Integrator-^-A  New  Instrument  for  the  Observation  of  Thermal 
Interchanges,  by  C.-E.  A.  Winslow  and  Leonard  Greenburg  (A.SJBLV.E.  TKANSAC- 
TJONS,  Vol.  41,  1935,  p.  149). 

49 1  =  B  =  R  Testing  and  Rating  Codes  for  Low  Pressure  Heating  Boilers,  1947 
(Institute  of  Boiler  and  Radiator  Manufacturers) . 

10  Commercial  Standard  for  Warm  Air  Furnaces  Equipped  with  Vaporizing  Pot 
Type  Oil  Burners,  C.S.  104-46,  National  Bureau  of  Standards, 

61  Rapid  Determination  of  Small  Amounts  of  Carbon  Monoxide,  by  Martin  Shep- 
herd.   Ind.  Eng.  Chem.  Anal.  Ed.  19, 77 : 1947. 

62  Determination  of  Small  Amounts  of  Carbon  Monoxide  in  Air  by  Various  Refer- 
ence Methods,  by  Martin  Shepherd,  National  Bureau  of  Standards  Journal  of  Re* 
search  38,  351-8;  1947  R.  P.  1777. 

53  A  Carbon  Monoxide  Recorder,  by  S.  H.  Katz,  D.  A.  Reynolds,  H.  W.  Frevert 
and  J.  J.  BloomSeld  (17.  S.  Bureau  of  Mines,  Technical  Paper  No,  355, 1026). 

54  Commercial  Standard  for  Mechanical  Draft  Oil  Burners  Designed  for  Domestic 
Installations,  C.S.  75-42,  National  Bureau  of  Standards. 

55  Industrial  Dust,  by  Phillip  Drinker  and  Theodore  Hatch  (McGraw-Hill  Book 
Company,  New  York), 

56  Testing  and  Rating  of  Air  Cleaning  Devices  Used  for  General  Ventilation 
Work,  by  S.  R.  Lewis  (A.S.H.V.E.  TRANSACTIONS,  Vol.  39,  1933,  p.  277). 

57  A.S.H.V.E.  Code  for  Testing  and  Rating  Air  Cleaning  Devices  Used  in  General 
Ventilation  Work,  adopted  January,  1934  (A.S.H.VJB.  TBANSACTIQNS,  Vol.  39,  1933, 
p.  225). 

58  A  Test  Method  for  Air  Filters,  by  Richard  S.  Dill  (A.SJLVJE.  TBANSACTIGNS, 
Vol.  44,  1938,  p.  379). 

59  Analytical  Chemistry  of  Industrial  Poisons,  Hazards  and  Solvents,  by  Morris 
B.  Jacobs  (Interscience  Publishers,  Inc.,  New  York,  1941), 

60  The  Determination  and  Control  of  Industrial  Dust,  by  J.  J  Bloomfield  and  J» 
M.  Dalla  Valle  (U.S.  Public  Health  Bulletin  No.  217,  1935). 

61  Sampling  and  Analysis  of  Atmospheric  Contaminants,  by  F.  A.  Patty  (Indus- 
trial  Hygiene  and  Toxicology,  Vol.  I,  Interscience  Publishers,  Inc ,  New  York,  1948). 

62  Electrical  Engineer's  Handbook,  by  Harold  Pender  and  Knox  Mcllvaine  (John 
Wiley  and  Sons,  New  York). 

63  Elements  of  Acoustical  Engineering,  by  Harry  F.  Olson  (D,  Van  Nostrand  Co,. 
New  York). 

64  American  Tentative  Standards  for  Sound  Level  Meters  for  Measurement  of 
Noise  and  Other  Sounds,  Z  24.3-1944  (American  Standards  Association). 
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FTIHE  Codes  and  Standards  listed  in  Table  1  represent  accepted  practice, 
JL  methods,  or  standards  prepared  and  accepted  by  the  organizations  in- 
dicated. They  are  valuable  guides  for  the  practicing  engineer  in  determin- 
ing test  methods,  ratings,  performance  requirements,  and  limits  applying 
to  equipment  used  in  heating,  ventilating,  and  air  conditioning.  Copies 
can  usually  be  obtained  from  the  organization  listed  in  the  reference  column. 

TABLE  1.    CODES  AND  STANDARDS  PREPAKED  AND  ACCEPTED 
BY  VARIOUS  SOCIETIES  AND  ASSOCIATIONS 


SUBJECT 

TITLE 

SPONSOK 

REFERENCE 

Air  Conditioning 

Code  of  Minimum  Requirements  for 
Comfort  Air  Conditioning  (1938) 

A.S.H.V.E. 
A.8J&JS. 

A.S.H.V.E. 

Air  Conditioning 
(120,000  Btu/tlr 
or  less) 

Code  and  Manual  for  the  Design  and 
Installation  of  Warm  Air  Winter  Air 
Conditioning  Systems  (1945). 

N.W.A.H.  &  A.C.A. 

N.W.A.H.  &  A.C.A. 
Manual  No.  7 

Air  Conditioning 
(Above  120,000 
Btu/hr) 

The  Technical  Code  for  the  Design 
and  Installation  of  Mechanical  Warm 
Air  Heating  Systema  (1948). 

N.W.A.H.  &  A.C.A. 

N.W.A.R.  &  A.C.A. 
Manual  No.  9 

Airplane 

Aeronautical  Recommended  Practice 
for  Heating  and  Ventilating  Air- 
planes (1943) 

S.A.8. 

-S.Jl.J57. 
ABP85 

Airplane 

Aeronautical  Recommended  Practice 
for  Internal  Combustion  Type  Air- 
plane Heaters  (1945). 

8JLJS. 

8.A.E. 
ARP  143A 

Attic  Ventilation 

Attic  Ventilation  Code  (1946) 

PJPJS.A. 

P.F.M.A. 

Boilers 

I»B-R  Testing  and  Rating  Code  for 
Low  Pressure  Heating  Boilers  (1947). 

LB.R 

LBM. 

Boilers 

Net  Square  Feet  Radiation  Loads  in  70 
Deg  Fahr,  Recommended  for  Low 
Pressure  Heating  Boilers  (1943). 

H.P.  &  A.C.C.N.A. 

H.P.  A  A.C.C.N.A. 

Boilers 

Net  Load  Recommendations  for  Heat- 
ing Boilers. 

#,P.  &  A.C.C.N.A. 

H.P.  &  A.C.C.N.A. 

Boilers 

Standard  and  Short  Form  Heat  Bal- 
ance Codes  for  Testing  Low  Pressure 
Steam  Heating  Solid  Fuel  Boilers 
(Codes  1  and  2)  (1929). 

A.S.H.V.E. 

A.S.H.V.E. 

Boilers 

A.S.H.V.E.  Performance  Test  Code 
for  Steam  Heating  Solid  Fuel  Boilers 
(Code  No.  3)  (1029). 

A.S.H.V.E. 

A.S.H.V.E, 

Boilers 

A.S.H.V.E.  Standard  Code  for  Test- 
ing Steam  Heating  Boilers  Burning 
Oil  Fuel  (1932). 

A.S.H.V.E. 

A.S.H.V.E. 

Boilers 

A.S.H.V.E.  Standard  Code  for  Rating 
Steam  Heating  Solid  Fuel  Hand 
Fired  Boilers  (Revised  April  1930). 

A.S.H.VE. 

A.S.H.V.E. 

Boilers 

A.S.H.V.E.  Standard  Code  for  Testing 
Stoker-Fired  Steam-Heating  Boilers 
(1838), 

A.S.H.V.E. 

A.S.H.V.E. 

Boilers 

A.S.M.E.  Boiler  Construction  Code 
for  Low  Pressure  Heating  Boilers  (1940 
with  1048  Addenda). 

A.S.M.E. 

A,8M£. 

Boilers 
(Miniature) 

A.8MJ5*  Miniature  Boiler  Code 
(1946). 

A.S.M.E. 

A.S.M& 

Boilers 

A.S.M.JS*  Boiler  Construction  Code 
(Combined  Edition)  (1946  with  1947 
Addenda). 

A.S.M.E. 

A.8MJB. 
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TABLU  1.    CODES  AND  STANDARDS— (Continued) 


SUBJECT 

TITLE 

SPONSOR 

REFERENCE 

Boilers  (Power) 

A.8.MJ8.  Power  Boiler  Code,  Includ- 
ing Rules  for  Inspection  (1946  with 
1947  Addenda). 

A.8.M.E. 

A.8.M.E. 

Boilers  (Power) 

Suggested  Rules  for  Care  of  Power 
Boilers  (1946). 

A.S.M.E. 

A.SM.E. 

Boilers  (Steel) 

Steel  Boiler  Institute  Rating  Code  for 
Commercial  Steel  Boilers  and  Resi- 
dential Steel  Boilers  (1948). 

S.B.I, 

S.BJ. 

Boilers  (Steel) 

Simplified  Practice  Recommendation 
for  Steel  Firebox  Heating  Boilers 
(1937). 

B.S. 
S.BJ. 

B.S. 
R157-37 

Boilers  (Steel) 

SBI  Code  for  Testing  Oil-Fired  Resi- 
dential Steel  Heating  Boilers  (1948). 

S.B.I. 

S.BJ. 

Building 
Requirements 

American  Standard  Building  Require- 
ments (1946). 

N.H.A. 
U.8JP.H.8. 

A.8.A. 
A53.1-1946 

Burners  (Gas) 

American  Standard  Testing  Require- 
ments for  Gas  Conversion  Burners 
(1941), 

A.G.A. 

A.S.A. 
Z2U7-1940 

Burners  (Gas) 

American  Standard  Requirements  for 
Installation  of  Domestic  Gas  Conver- 
sion Burners 

A.G.A. 

A.8.A. 
221.8-1948 

Burners  (Gas) 

American  Standard  Requirements  for 
Installation  of  Gas  Burning  Equip- 
ment in  Power  Boilers  (1942), 

A.G.A. 

A.8.A. 
Z2U3-1942 

Burners 
(Anthracite) 

Commercial  Standard  for  Domestic 
Burners  for  Pennsylvania  Anthracite 
(Underfeed  Type)  (1940). 

B.S. 
AJ.L. 

B.S» 

CS48-40 

Burners  (Oil) 

Commercial  Standard  for  Mechanical- 
Draft  Oil  Burners  Designed  for  Do- 
mestic Installations  (1942). 

B.S. 
Q.B.L 

B.S. 
CS75-42 

Chimneys  (Flue 
Linings) 

American  Standard  Sizes  of  Clay  Flue 
Linings  (1947). 

AJ.A. 
P.O. 

A.S.A. 

A62.4-1947 

Cleaners  (Air) 

A.S.E.V.E.  Standard  Code  for  Test- 
ing and  Rating  Air  Cleaning  Devices 
Used  in  General  Ventilation  Work 
(1934). 

A.S.H.V.E. 

See  A  .  S  .  H  »  V  .  E  , 

TRANSACTIONS,      Vol 

39,  1933,  p.  225 

Color  Scheme 
(Piping) 

Scheme  for  Identification  of  Piping 
Systems  (1945). 

H.P.  <fc  A.C.C.tf.A. 

HJP.  <fc  A.C.C.N.A. 

Engrg,  Stda.,  Sw.  2t 
Part  V 

Color  Scheme 
(Piping) 

Scheme  for  Identification  of  Piping 
Systems  (1928). 

A.S.M.E. 

A.S.A. 
Al  3-1  928 

Coils 

Proposed  Commercial  Standard  for 
Rating  and  Testing  Air  Cooling  Coils 
Using     Non-Volatile     Refrigerants 

B.C.MJ. 
B.S. 

^.-S, 
T.S.  4044 

Compressors 

Tentative  A.S.RJB.  Standard  Meth- 
ods of  Rating  and  Testing  Refrig- 
erant Compressors. 

A.S.R.E. 

A.S.H.V.E. 
A.C.R.M.A. 

A.S.R.E. 
Circular  No.  28 

Condensers 

A.SM.E.  Standard  Methods  of  Rating 
and  Testing  Evaporative  Condensers. 

A.S.R.E. 
A.S.H.V.B. 
A.C.R.M.A. 

A.8.R,%, 
Circular  No.  20 

Condensers 

Tentative  A.S.R.E.  Standard  Meth- 
ods of  Rating  Water-Cooled  Refrig- 
erant Condensers 

A.5.B.JJ. 
A.S.H.VJE. 
A.CM.M.A. 

A.S.R.E. 
CircaUr  No.  22 

Condensing 
Units 

A.S.R.E.  Standard  Methods  of  Rating 
and  Testing  Mechanical  Condensing 
Units  (1940). 

A.8.R.E. 
A.S.H.V.E. 
A.C.R.M.A. 

AM.n,%, 
Circular  No,  14-41 

Conductivity 

Standard  Method  of  Test  for  Thermal 
Conductivity  of  Materials  by  Means 
of  the  Guarded  Hot  Plate  (Tentative) 

A.S.H.VJE, 
A.S.R.E. 
A.S.T.M. 
N.R.C, 

A.S.H.VJBS. 

Codes  and  Standards 
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TABLE  1.    CODES  AND  STANDARDS— (Continued) 


SUBJECT 

TITLE 

SPONSOR 

REFERENCE 

Control    Equip- 
ment    (Indus- 
trial) 

Underwriters'  Laboratories,  Inc.. 
Standard  for  Industrial  Control 
Equipment  (July  1938,  reprinted 
Sept.  1945). 

U.L. 

V.L. 

Subject  508 

Controls 
Convector 

Underwriters'  Laboratories,  Inc., 
Standard  for  Temperature  Indicating 
and  Regulating  Equipment  (Jan. 

A.S.H.V.E.  Standard  Code  for  Test- 

U.L. 
A.S.H.V.E 

U.L. 

Subject  873 

A.S.H.V.E. 

ing  and  Rating  Concealed  Gravity 
Type  Radiation  (Steam  Code)  (1931). 

TRANSACTIONS,       Vol. 
37,  1931,  p.  367 

Con  vector 

A.S.H.V.E.  Standard  Codefor  Testing 
and  Rating  Concealed  Gravity  Type 
Radiation  (Hot  Water  Section)  (1933). 

A.S.H.V.E. 

A.S.H.V.E. 
TKANSACTIONB,      Vol. 
39,  1933,  p.  237 

Convector 

Commercial  Standard  for  Testing  and 
Rating  Convectors  (1947). 

B.S. 
CM.  A. 
LB.R. 

B.S. 

CS  140-47 

Coolers  (Air) 

Proposed  A.S.R.E.  Standard  Methods 
of  Rating  and  Testing  Forced  Circu- 
lation and  Natural  Convection  Air 
Coolers  for  Refrigeration  (1945). 

A.S.R.E, 
A.S.H.V.E. 
A.C.R.M.A. 
R.E.M.A. 

A.S.R.E, 
Circular  No.  25-44 

Coolers 

Tentative  A.S.R.E.  Standard  Meth- 
ods of  Rating  and  Testing  Water  and 
Brine  Coolers. 

A.S.R.E. 
A.S.H.V.E. 
A.C.R.M.A. 

A.S.R.E. 
Circular  No.  24 

Cooling  Units 

Standard  Methods  of  Rating  and  Test 
ing  Self  -Contained  Air  Conditioning 
Units  for  Comfort  Cooling  (1940), 

A.S.R.E. 
A.S.H.V.E. 
R.M.A. 

N.E.M.A. 
A.C.M.A. 

A.S.R.E. 
Circular  No.  16 

Ducts  and 
Fittings 

Simplified  Practice  Recommendation 
for  Pipes,  Ducts  and  Fittings  for 
Warm  Air  Heating  and  Air  Condi- 
tioning (1945). 

Mfrs. 
B.S. 

B.S. 
R207-45 

Exchangers 
(Heat) 

Standards  of  Tubular  Exchanger  Man- 
ufacturers Association  (1941). 

T.E.M.A. 

TJE.M.A. 

Exhaust 

Systems 

American  Standard  for  Grinding,  Pol- 
ishing, and  Buffing  Equipment  Sani- 
tation (1941). 

A.F.A. 

A.S.A. 
243-1041 

Exhaust 

Systems 

Tentative  Code  of  Recommended 
Practices  for  Testing  and  Measuring 
Air  Flow  in  Exhaust  Systems  (1937). 

A.F.A. 

A.F.A. 
Preprint     36-27 

Exhaust 
Systems 

Tentative  Recommended  Good  Prac- 
tice Code  and  Handbook  on  the  Fun- 
damentals of  Design,  Construction, 
Operation  and  Maintenance  of  Ex- 
haust Systems. 

A.F.A. 

A.F.A. 

Fans 

Definitions  and  Terms  in  Use  by  the 
Blower  Industry  (1946). 

N.A.FM. 

N.A.F  M. 
Bulletin  No.  105 

Fans 

Standard  Test  Code  for  Centrifugal 
and  Axial  Fans  (1938). 

N.A.FM* 
A.S.H.V.E. 

N.A.F.M. 
Bulletin  No.   103 

Fans 

Standards  for  Fans  (1947), 

N,EM.A. 

N.E.M.A, 

Publ.     47-128 

Fire  Prevention 

Building  Code  Recommended  by  the 
National  Board  of  Fire  Underwriters 
(1943). 

N.B.F.U. 

W.B.F.U. 

Fire  Prevention 

National  Fire  Codes  (1944), 

N.F.P.A. 

N.F.P.A. 

Fire  Prevention 

National  Fire  Code  for  the  Prevention 
of  Dust  Explosions  (1943). 

N.F.P.A. 

N.F.P.A, 

Furnaces  (Duct) 

American  Standard  Approval  Re- 
quirements for  Gas-  Fired  Duct  Fur- 
naces (1942). 

A.O.A. 

A.S.A. 
221.34-1942 

*  Also  endorsed  by  P. P.M. A. 
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TABLE  1.    CODES  AND  STANDARDS— (Continued) 


SUBJECT 

TITLE 

SPONSOR 

REFEIUBNCE 

Furnaces  (Gas, 
Floor) 

Commercial  Standard  for  Gas  Floor 
Furnaces—  Gravity  Circulating  Type 
(1942). 

B.S. 
A.G.A.EM. 

B.S. 

CS99-42 

Furnaces  (Gas) 

American    Standard    Approval    Re- 
quirements for  Central  Heating  Gas 
Appliances  (1943). 

A,G.A. 

A.S.A. 
721.13-1943 

Furnaces 
(Forced  Air, 
Solid-Fuel) 

Commercial  Standard  for  Solid-Fuel- 
Burning  Forced  Air  Furnaces  (1944). 

F.H.A. 
N.W.A.H.  &  A.C.A. 
A.I.L. 

B.S. 

CS109-44 

Furnaces  (Oil- 
Fired) 

Commercial  Standard  for  Warm  Air 
Furnaces  Equipped  with  Vaporizing 
Pot  Type  Oil  Burners  (1943). 

Mfrs. 
B.S, 

B.S. 

CS  104-43 

Furnaces  (Oil) 

A  Tentative  Code  for  Testing  Oil- 
Fired  Furnaces. 

N.W.A.H.  &  A.C.A. 

N.W.A.IL  tfc  A.C.A. 

Furnaces  (Oil) 

Commercial  Standard  for  Oil  Burning 
Floor  Furnaces  Equipped  with  Va- 
porizing Pot-Type  Burners  (1944). 

B.S. 
O.P.A. 

B.S. 
OS  11  3-44 

Garages 

Code  of  Minimum  Requirements  for 
Heating    and    Ventilating    Garages 
(1935). 

A.S.H.V.E. 

A.S.H.V.K. 

Gases  (Toxic) 
and  Dust 

American.  Standard  Allowable  Con- 
centration of  Harmful  Gases: 
Carbon  Monoxide 
Hydrogen  Sulfi.de 
Carbon  di-sulfide 
Benzene 
Cadmium 

A.S.A. 

A.S.A, 

7,37.1-1941 
747.2-1941 
£37.3-1941 
7,37.4-1941 
5537.5-1941 

Manganese 
Chromic  Acid  and  Chromates 
Mercury 
Metallic  Arsenic  and  Arsenic  Tri- 
oxide 

737.0-1942 
7,37.7-1943 
737.8-1943 
737,9-1943 

Xylene 
Lead  and  Certain  Inorganic  Lead 
Compounds 
Toluene 
Oxides  of  Nitrogen 
Methanol 

5537.10-1943 
237.114043 

Z37.12.194!) 
7,37.13-1944 

7.37.14-11)44 

Styrene-Monomer 
Formaldehyde 

737.15-1944 
Z37.  10-1  944 

Heat  Transfer 
(Walls) 

A.S.H.V.E.  Standard  Test  Code  for 
Heat  Transmission  Through  Walls 
(1928). 

A.S.H.VJB 

A.B.H.V.K. 

Homes  (Pre- 
fabricated) 

Commercial   Standard  for  Prefabri- 
cated Homes 

P.HM.L 
BS. 

JB.S. 

GS  125-47 

Mineral  Wool 

Commercial    Standard    for    Mineral 
Wool:  Blankets,  Blocks,  Insulating 
Cement,    and   Pipe   Insulation   for 
Heated  Industrial  Equipment  (1944). 

B.S, 
IM.WJ. 

B.8. 
CS117-44 

Mineral  Wool 

Commercial    Standard    for    Mineral 
Wool:  Loose,  Granulated,  or  Felted 
Form,  in  Low  Temperature  Installa- 
tions (1943). 

B.S. 
IM.WJ. 

8.M. 
CW105-43 

Mineral  Wool 

Recommended  Commercial  Standard 
for  Industrial  Mineral  Wool  Products 
—All  Types—Testing  and  Reporting 
(1946). 

LM.W.L 
B.S. 

B.S. 
OS  13  1-415 

Motors 

Nema  Motor  and  Generator  Standards 
(June  1945). 

N.E.M.A. 

N.K.M.A* 

45-102 

Motors 

Proposed  Test  Code  for  Single-Phase 
Motors  (1941). 

A.LE,®. 

AJ.E.M. 

Panel  System 
(Warm  Air) 

Code  and  Manual  for  the  Design  and 
Installation  of  Warm  Air  Ceiling 
Panel  Systems 

N.W.A.H.  &  A.C.A. 

N.W.AJL  &A,C,A. 
Manual  No.  7-A 
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TABLE  1.     CODES  AND  STANDARDS — (Continued) 


SUBJECT 

TITLE 

SPONSOE 

REFERENCE 

Pipe  &  Tubing 
(Copper  & 

Brass) 

Simplified  Practice  Recommendation 
for  Copper  Water  Tubes  and  Brass 
Pipe. 

Mfrs. 
B.S. 

B.S. 

R  217-46 

Piping 

American  Standard  Code  for  Pressure 
Piping  (1942). 

A.S.M.E 

A.8.A. 
B3U-1942 

Pumps 

Hydraulic  Institute  Test  Code  for 
Centrifugal  Pumps.  Hydraulic  In- 
stitute Test  Code  for  Rotary  Pumps 
(1943). 

HI. 

H.L 
Section  F 

Radiators 

Code  for  Testing  Radiators  (1927). 

A.S.H.V.E. 

A.S.H.V.E. 

Radiators 

Simplified  Practice  Recommendation 
for  Cast  Iron  Radiators  (1943). 

LB.R. 
B.S. 

B.S. 
R174-47 

Refrigeration 
(Equipment) 

Underwriters'  Laboratories,  Inc., 
Standard  _  for  Air  Conditioning  and 
Commercial  Refrigerating  Equip- 
ment (Feb.  1946). 

U.L. 

U.L. 
Subject  207A 

Refrigeration 
(Mechanical) 

American  Standard  Safety  Code  for 
Mechanical  Refrigeration  (1939). 

A.S.R.E. 

A.S.A. 

B9-1939** 

Refrigeration 

(Unit  Systems) 

Underwriters'  Laboratories,  Inc., 
Standard  for  Unit  Refrigerating  Sys- 
tems (Feb.  1946). 

U.L. 

U.L. 
Subject  207C 

Refrigerators 
(Gas-Fired) 

American  Standard  Approval  Re- 
quirements for  Refrigerators  Using 
Gas  Fuel  (1941). 

A.O.A. 

A.8.A. 
Z21.  19-1941 

Refrigerators 
(Household) 

American  Standard  Test  Procedures 
for  Household  Electric  Refrigerators 
(Mechanically  Operated)  (1944). 

A.8.R.E. 
U.S.D.A 

A.S.A. 
B38.2-1944 

Sound 

Sound  Measurement  Test  Code  for 
Centrifugal  and  Axial  Fans  (1942). 

N.A.F.M. 

N.A.FM. 
Bulletin  No.  104 

Sound 

American  Recommended  Practice  for 
the  Calibration  of  Microphones 
(1938). 

A.S.O/A. 

A.S.A. 
Z24.4-1938 

Space  Heaters 

American  Standard  Approval  Re- 
quirements for  Gas  Space  Heaters 
(1942). 

A.Q.A. 

A.S.A. 

Z2U1-1042 

Space  Heaters 

Commercial  Standard  for  Flue  Con- 
nected Oil-Burning  Space  Heaters 
Equipped  with  Vaporizing  Pot-Type 
Burners  (1943). 

I.C.  &  H.A.M. 

B.S. 
CS101-43 

Stokers 

Code  for  Determination  of  Rated  Ca- 
pacities of  Anthracite  Underfeed 
Stokers  (1944) 

S.M.A. 

S.M.A. 

Stokers 

Code  for  Determination  of  Rated  Ca- 
pacities of  Bituminous  Underfeed 
Stokers  (1944). 

S.M.A. 

S.M.A. 

Stokers 

Recommended  Minimum  Firebox 
Dimensions  and  Base  Heights  (1944). 

S.M.A. 

S.M.A. 

Stokers 

Recommended  Standards  Governing 
Minimum  Sotting  Heights  (1944). 

S.M.A. 

S.M.A. 

Tubing  (Seamless 
Copper  and 
Copper  Alloy) 

Simplified  Practice  Recommendation 
for  Copper  and  Copper-  Alloy  Round 
Seamless  Tube  (1948). 

Mfrs. 
B.S. 

B.S. 
R  235-48 

Unfired  Pressure 
Vessels 

Unfired  Pressure  Vessel  Code  (1950)  , 

A.BM.E. 

A.S.M.E. 

Unit  Heaters 

Standard  Code  for  Testing  and  Rating 
Steam  Unit  Heaters  (1930), 

A.S.H.V.E. 
l.U.H.A. 

A.S.H.V.E. 
l.U.H.A. 

Unit  Heaters 

Standard  Code  for  Testing  Hot  Water 
Unit  Heaters  (1942), 

l.U.H.A. 

l.U.H.A. 

Unit  Heaters 

American  Standard  Approval  Re- 
quirements for  Gas  Unit  Heaters 
(1940). 

A.O.A, 

A.S.A. 
£21  16-1940 

'  Also  designated  A.S.R.E  Circular  No.  15. 
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TABLE  1.    CODES  AND  STANDARDS — (Concluded) 


SUBJECT 

TITLE 

SPONSOR 

REFERENCE 

Unit  Ventilators 

A  S  H  V  E    Standard  Code  for  Test- 

A S  H  V  E 

A.S.H.V.E. 

ing  and  Rating  Steam  Unit  Ventila- 
tors (1934). 

Vacuum  Pumps 

A.S.H.V.E.  Standard  Code  for  Test- 
ing and  Rating  Return  Line  Low 
Vacuum  Heating  Pumps  (1934). 

A  S.H  V.E. 

A.S.H.V.E. 

Warm  Air 
(Gravity) 

Gravity  Code  and  Manual  for  the  De- 
sign and  Installation  of  Gravity 
Warm  Air  Heating  Systems  (1947). 

N.W.A.H.  &  A.C.A. 

N.W.A.H.  tfe  A.C.A. 

Section  No.  5 

Water  Heaters 

N.E.M.A.  Standards  for  Electric 
Water  Heaters  (1945). 

N.E.M.A. 

N.E.M.A. 
45-104 

Water  Heaters 

American  Standard  Approval  Re- 
quirements for  Gas  Water  Heaters 
(1944). 

A.G.A. 

A.S.A. 
7,21.10-1944 

Water  Heaters 

Testing  and  Rating  Hand-Fired  Hot 
Water  Supply  Boilers  (1948). 

F.H.A. 

B.S. 
CS145-47 

Wiring 

Interior  Wiring  Design  for  Commercial 
Buildings. 

AJ.E.E. 

A  J.J5M. 

Wiring 

National  Electrical  Code,  Standard  of 
N.B.F.U.  and  N.F.P.A.  (1947). 

N.B.F.U. 
N.F.P.A. 

N.B.F.U. 

A.C.M.A. 
A.C.R.M.A. 

A.F.A. 
A.G.A. 
A.G.A.E.M. 

A.I.A. 

A.I.E.E. 

A.I.L. 

A.S.A. 

A.S.  of  A. 

A.S.H.V.E. 

A.S.M.E. 

A.S.R.E. 

A.S.T.M. 

B.S. 

C.M.A. 

F.H.A. 

G.AM.A. 

H\P.  &  A.C.C.N.A. 

LB.R. 
I.C.H.A.M. 

I.M.W.L 
LU.H.A. 
N.A.F.M. 

NJB.F.U. 

N.EM.A. 

N.F.P.A. 

N.H.A. 

N.R.C. 

N.W.A.H.  &  A.C.A. 

O.B.I. 

O.H.I.A. 

O.P.A. 

P.C. 

P.F.M.A. 

P.H.M.L 

R.EM.A. 

R.M.A. 

S.A.E. 

S.B.L 

S.M.A. 

T.E.M.A. 

U.L. 

U.S.D.A. 

U.S.P.H.S. 


ABBREVIATIONS  AND  ADDRESSES 

Air  Conditioning  Manufacturers  Association,  superseded  1940  by  A. C. R.M.A. 

Air  Conditioning  and  Refrigerating  Machinery  Association,  Southern  Bldg.,  Wash- 
ington, D.  C. 

American  Foundrymen's  Association,  222  W.  Adams  St.,  Chicago,  111. 

American  Gas  Association,  420  Lexington  Ave.,  New  York,  N.  Y. 

Association  of  Gaa  Appliance  and  Equipment  Manufacturera,  superseded  1945  by 
G.A.M.A. 

American  Institute  of  Architects,  1741  New  York  Ave.,  Washington,  D,  C. 

American  Institute  of  Electrical  Engineers,  33  West  30th  St.,  New  York  IN,  N.  Y. 

Anthracite  Industries  Laboratory,  237  Old  River  Rd.,  Wilkes  Barre,  Pa. 

American  Standards  Association.,  70  East  45th  St.,  New  York,  N,  Y. 

Acoustical  Society  of  America,  919  N.  Michigan  Avo.,  Chicago.  III. 

American  Society  of  Heating  and  Ventilating  Engineers,  51  Madison  Ave.,  Now 
York,  N,  Y. 

American  Society  of  Mechanical  Engineers,  29  West  39th  St.,  New  York,  N.  Y. 

American  Society  of  Refrigerating  Engineers,  40  West  40th  St..  Now  York,  N.  Y. 

American  Society  for  Testing  Materials,  1916  Race  St.,  Philadelphia,  Pa. 

National  Bureau  of  Standards,  Washington,  D.  C. 

Convector  Manufacturers  Association,  400  W.  Madison  Ave.,  Chicago,  111, 

Federal  Housing  Administration,  Washington,  D.  C. 

Gas  Appliance  Manufacturers"  Association,  60  East  42nd  St.,  Now  York,  N.  Y. 

Hydraulic  Institute,  90  West  St.,  New  York,  N.  Y. 

Heating,  Piping  and  Air  Conditioning  Contractors  National  Association,  1250  Avo 
nue  of  the  Americas,  New  York,  N.  Y. 

Institute  of  Boiler  and  Radiator  Manufacturers,  60  East  42rid  St.,  New  York,  N,  Y. 

Institute  of  Cooking  and  Heating  Appliance  Manufacturers,  Shoreharn  Hotel, 
Washington,  D.  C. 


Detroit, 


Mich. 


National  Board  of  Fire  Underwriters,  85  John  St.,  New  York,  N.  Y. 

National  Electrical  Manufacturers  Association,  155  East  44th  St.,  Now  York,  N,  Y. 

National  Tire  Prevention  Association,  60  Batterymarch  St.,  Boston,  Maw. 

National  Housing  Agency,  Washington,  D.  C. 

National  Research  Council,  2101  Constitution  Av©.,  Washington,  D,  C. 

National  Warm  Air  Heating  and  Air  Conditioning  Association,   145  Public  Square, 

Cleveland,  Ohio. 

Oil  Burner  Institute,  superseded  1942  by  O.H.I.A. 
OiJ  Heat  Institute  of  America,  6  East  39th  St..  New  York,  N.  Y, 
Office  of  Price  Administration,  Washington,  D,  C. 
Producers  Council,  815-15th  St.,  N.W.,  Washington,  D,  C. 
Propeller  Pan  Manufacturers  Association,  2159  Guardian  Bld#.,  Detroit,  Mich, 
Prefabricated  Home  Manufacturers  Institute,  908  20th  St.,  N.W.,  Washington,  D.  C. 
Refrigeration  Equipment  Manufacturers  Association,  1107  Clark  Bldg»,  Pittsburgh, 

Refrigerating  Machinery  Association.    See  A.C.R.M.A. 

Society  of  Automotive  Engineers,  29  West  39th  St.,  New  York,  N  Y. 

Steel  Boiler  Institute,  1207  Land  Title  Bldg.,  Philadelphia  Pa, 

Stoker  Manufacturers  Association,  307  N.  Michigan  Ave,,  Chicago  111. 

Tubular  Exchanger  Manufacturers  Association,  366  Madison  Ave..  New  York.  N.  Y. 

Underwriters'  Laboratories,  207  East  Ohio  St.,  Chicago,  III, 

United  States  Department  of  Agriculture,  Washington, *D   C. 

United  States  Public  Health  Service,  Washington,  D.  C.  " 
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BROWNELL  CO.,  THE,  452  N.  Findlay  St.,  Dayton  1,  Ohio  ...................  1295 

BRYAN  STEAM  CORP.,  Chili  Pike,  Peru,  Ind  ...............................  1276 

BRYANT  HEATER  DIV.,  AFFILIATED  GAS  EQUIPMENT,  INC.,  17825  St. 

Clair  Ave.,  Cleveland  10,  Ohio  ........................................  1081 

BUFFALO  FORGE  CO.,  450  Broadway,  Buffalo,  N.  Y  ..........................  1188 

BUFFALO  PUMPS,  INC.,  450  Broadway,  Buffalo,  N.  Y  .......................  1337 

BURNHAM  CORP.,  Irvington-on-Hudson,  N.  Y  ...............................  1277 

C 

CAMPBELL  HEATING  CO.,  31st  and  Dean,  DesMoines,  Iowa  .........  1082-1083,  1094 

E.  K.  CAMPBELL  CO.,  1809  Manchester,  Kansas  City  3,  Mo  ..................     1095 

PHILIP  CAREY  MFG.  CO.,  THE,  Lockland,  Cincinnati  15,  Ohio  ...........  1380-1381 

CARNEGIE-ILLINOIS  STEEL  CORP.,  Pittsburgh,  Pa  .......................     1238 

CARRIER  CORP.,  Syracuse  1,  N.  Y  ....................................  1064r-1065 

CARTY  MOORE  ENGINEERING  CO.,  1150  W.Baltimore  Ave.,  Detroit  2, 

Mich  .................................................................     1349 

CELOTEX  CORP.,  THE,  120  S.  LaSalle  St.  Chicago  3,  111  ....................     1393 

CHELSEA  FAN  &  BLOWER  CO.,  INC.,  1206  Grove  St.,  Irvington  11,  N.  J  .......     1189 

CHICAGO  METAL  HOSE  CORP.,  Maywood,  111.  .........................  1130,  1240 

CHICAGO  PUMP  CO.,  2330  Wolfram  St.,  Chicago  18,  111.  ...................     1338 

CHICAGO  STEEL  FURNACE  CO.,  9326  S.  Anthony  Ave.,  Chicago  17,  111  .......     1098 

CHRYSLER  AIRTEMP,  DIV.  of  CHRYSLER  CORP.,  Dayton   1,  Ohio    1084-1085 
CLARAGE  FAN  CO.,  Kalamazoo,  Mich  .....................................     1066 

COAL-HEAT  (publication),  20  W.  Jackson  Blvd.,  Chicago  4,  111  .............     1412 

COMBUSTION  CONTROL  CORP.,  77  Broadway,  Cambridge  42,  Mass.  .....     1246 

COMBUSTION  ENGINEERING-SUPERHEATER,  INC.,  200  Madison  Ave,, 

New  York  16,  N.  Y  ...................................  .  ........  ,  ........     1296 

COMBUSTION  EQUIPMENT  DIVISION,  TODD  SHIPYARDS  CORP.,  8116 

—45th  Ave.,  Elmhurst,  Queens,  N.  Y  ....................................     1314 

A.  D.  COOK,  INC.,  Lawrenceburg,  Ind  ......................................     1339 

W.  B.  CONNOR  ENGINEERING  CORP.,  114  East  32nd  St.,  New  York  16, 

N.  Y  ..........................................   1140-1141-1142-1143,    1220-1221 

CONTINENTAL  AIR  FILTERS,  INC.,  2524  Helm  St.,  Louisville  1,  Ky  _____  ,     1139 

CRANE  CO.,  836  S.  Michigan  Ave.,  Chicago  5,  111  .......................  1278-1279 

CURTIS  REFRIGERATING  MACHINE  DIV.  of  CURTIS  MFG.  CO.,  1959 

Kienlen  Ave.,  St.  Louis  20,  Mo  ..............................  %  ...........     1178 

CYCLOTHERM  CORP.,  Oswego,  W.  Y  ......................................  1297 

D 

DE  BOTHEZAT  FANS  DIV.,  AMERICAN  MACHINE  &  METALS,  INC.,  East 

Moline,  111  ...........................................................     1190 

CHARLES  DEMUTH  &  SONS,  INC.,  245  Elm  Place,  Mineola,  N.  Y..  ,  .  .....     1219 

DETROIT  LUBRICATOR  CO.,  DIV.  of  AMERICAN  RADIATOR  &  STAND- 

ARD SANITARY  CORP.,  5900  Trumbull  Ave.,  Detroit  8,  Mich  ......     1248-1249 

DEWEY-SHEPARD  BOILER  CO.,  General  Sales  Office,  1311  N.  Capitol  Ave., 

Indianapolis,  Ind  .................................................     1298 

DOLE  VALVE  CO.,  THE,  1933  Carroll  Ave.,  Chicago  12,  111,  ................     1377 

DOLLINGER  CORP.,  6  Centre  Pk.,  Rochester  3,  N.  Y  .................     1144-1145 

DOMESTIC  ENGINEERING  (publications),  1801  Prairie  Ave.,  Chicago  16, 

111  ...................................................................     1413 

DRAVO  CORP.,  Heating  Section,  Dravo  Bldg.,  Fifth  &  Liberty  Aves.,  Pitts- 

burgh  22,  Pa  ..................................  .  ...........       1096-1097 

C.  A.  DUNHAM  CO.,  400  West  Madison  St.,  Chicago  6,  111 


DURANT  INSULATED  PIPE  CO.,  1015  Runnymede  St.,  P.  O.  Box  88,  Palo 

Alto,  Calif  ..............................................................     1333 

E 

EAGLE-PICHER  CO.,  THE,  American  Bldg.,  Cincinnati  1,  Ohio      ,  1394 

ELECTRIC  AUTO-LITE  CO.,  THE,  Instrument  &  Gauge  Div.,  Toledo  1,  Ohio  1247 

ELECTROMODE  CORP.,  45  Crouch  St.,  Rochester  3,  N.  Y.  1104 
ENTERPRISE  ENGINE  &  FOUNDRY  CO.,  Burner  Div.,  18th  and  'Florida 

Sts.,  San  Francisco  10,  Calif  ............................  1315 
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FARR  COMPANY,  Los  Angeles,  Calif 1146 

FARRAR  &  TREFTS,  INC.,  20  Milburn  St.,  Buffalo  12,  N.  Y 1299 

FBDDERS-QUIGAN  CORP.,  57  Tonawanda  St.,  Buffalo  7,  N.  Y..  1105 

FITZGIBBONS  BOILER  CO.,  INC.,  101  Park  Ave.,  New  York  17,  N.  Y.  .     1300-1301 
FLY  ASH  ARRESTOR  CORP.,  THE,  P.  0.  Box  1883,  Birmingham  1,  Ala.  1293 

FOSTER  WHEELER  CORP.,  165  Broadway,  New  York  6,  N.  Y 1158 

FRICK  CO.  (Inc.),  Waynesboro,  Pa 1179 

FUELOIL  &  OIL  HEAT,  (publication)  232  Madison  Ave.,  New  York  16,' N.  Y..     1414 
FULTON-SYLPHON  DIVISION,  ROBERTSHAW-FULTON  CONTROLS  CO., 

Knoxville  4,  Tenn 1250-1251 

G 

G&O  MANUFACTURING  CO.,  THE,  138  Winchester  Ave.,  New  Haven,  Conn.   1171 
GENERAL  AUTOMATIC  PRODUCTS  CORP.,  2300  Sinclair  Lane,  Baltimore 

13,  Md .     1280 

GENERAL  BLOWER  CO.,  8622  Ferris  Ave.,  Morton  Grove  5,  111 1191 

GENERAL  CONTROLS,  801  Allen  Ave.,  Glendale  1,  Calif 1252-1253 

GENERAL  ELECTRIC  CO.,  Air  Conditioning  Dept,  Bloomfield,  N.  J..  .     1068-1069 

GENERAL  ELECTRIC  CO.,  Apparatus  Dept.,  Schenectady,  N.  Y 1210-1211 

GILMAN  BROTHERS  CO.,  THE,  Gilinan,  Conn 1395 

GOLD  TOP  HEATING,  INC.,  P.  O.  Box  331,  Winfield,  Kansas 1309 

GRINNELL  CO.,  INC.  Providence  1,  R.  1 1106-1107 

H 

WILLIAM  S.  HAINES  &  CO.,  1010-12-14  Wood  St.,  Philadelphia  7,  Pa 1355 

HAMMOND  BRASS  WORKS,  Summer  Blvd.,  Hammond,  Ind 1360 

ARTHUR  HARRIS  &  CO.,  210-218  N.  Aberdeen  St.,  Chicago  7,  111 1241 

HASTINGS  AIR  CONDITIONING  CO.,  INC.,  Hastings,  Nebr 1067 

HEATING  &  VENTILATING  (publication),  148  Lafayette  St.,  New  York  13, 

N.  Y 1416 

HEATING,  PIPING  AND  AIR  CONDITIONING  (publication),  6  N.  Michigan 

Ave.,  Chicago  2,  111 1415 

HENDRICK  MFG.  CO.,  48  Dundaff  St.,  Carbondale,  Pa 1224-1225 

HENRY  VALVE  CO.,  Melrose  Park,  111 1254 

HOFFMAN  SPECIALTY  CO.,  1001  York  St.,  Indianapolis  7,  Ind. 

1356-1357-1358-1359 

HOOK  &  ACKERMAN,  18  East  41st  St.,  New  York  17,  N.  Y 1281 

HUBBELL  CORP.,  Hawley  Road,  Mundelein,  111 1255 

HUNTER  FAN  &  VENTILATING  CO.,  INC.,  P.  0.  Box  2858,  Desoto  Station, 

400  S.  Front  St.,  Memphis  2,  Tenn 1192 

I 

ILG  ELECTRIC  VENTILATING  CO.,  2880  N.  Crawford  Ave.,  Chicago  41, 

111 1108,  1193 

ILLINOIS  ENGINEERING  CO.,  Chicago  8,  111 1362-1363 

ILLINOIS  TESTING  LABORATORIES,  INC.,  Room  516,  420  N.  LaSalle  St., 

Chicago  10,  111 1256 

INDEPENDENT  REGISTER  CO,,  THE,  3747  East  93rd  St.,  Cleveland  5,  Ohio  1223 

INFRA  INSULATION,  INC.,  10  Murray  St.,  New  York  7,  N.  Y 1407 

INGERSOLL-RAND,  11  Broadway,  New  York  4,  N.  Y 1342 

INSULITE,  500  Baker  Arcade  Bldg.,  Minneapolis  2,  Minn 1396-1397 

INTERNATIONAL  BOILER  WORKS  CO.,  THE,  500  Birch  St.,  East  Strouds- 

burg,  Pa 1302 

INTERNATIONAL  EXPOSITION  CO.,  Grand  Central  Palace,  New  York  17, 

N.  Y 1343 

J 

JADEN  MFG.  CO.,  Hastings,  Nebr 1109 

JENKINS  BROS.,  80  White  St.,  New  York  13,  N.  Y 1378 

JOHNS-MANVILLE,  22  East  40th  St.,  New  York  16,  N.  Y 1398-1399 

S.  T.  JOHNSON  CO.,  940  Arlington  Ave.,  Oakland  8,  Calif 1316-1317 

JOHNSON  SERVICE  CO.,  Milwaukee,  Wis 1258-1259 

JOHNSTON  BROS.  INC.,  Ferrysburg,  Mich 1303 

JOY  MFG.  CO.,  General  Offices,  Henry  W.  Oliver  Bldg.,  Pittsburgh  22, 

Pa 1194-1195 


^030  1950  Guide 

K 

Page 

KAISER  ALUMINUM  &  CHEMICAL  SALES,  INC.,  1924  Broadway,  Oakland 

12,  Calif 1379 

KENNARD  CORP.,  1819  S.  Haniey  Rd.,  St.  Louis  17,  Mo 1110 

KEWANEE  BOILER  CORP.,  Kewanee,  111 1304-1305-1306-1307 

KIMBERLY-CLARK  CORP.,  Neenah,  Wis 1400-1401 

KNOWLES  MUSHROOM  VENTILATOR  CO.,  583  Upper  Mountain  Ave., 

Upper  Montclair,  N.  J 1222 

KRITZER  RADIANT  COILS,  INC.,  2909  Lawrence  Ave.,  Chicago  25,  111 1172 

L 

LADISH  CO.,  Cudahy  (Milwaukee  Suburb),  Wis 1242 

LAU  BLOWER  CO.,  THE,  2007  Home  Ave.,  Dept.  H,  Dayton  7,  Ohio 1196 

LEE  ENGINEERING  CO.,  Seaboard  Trust  Bldg.,  95  River  St.,  Hoboken, 

N.  J 1099 

LIBBEY-OWENS-FORD  GLASS  CO.,  Room  1038  HVA,  Nicholas  Bldg., 

Toledo  3,  Ohio  1390 

LILIE-HOFFMANN  COOLING  TOWERS,  INC,,  4 239  Duncan  Ave.,  St.  Louis 

10,  Mo 1159 

H.  C.  LITTLE  BURNER  CO.,  San  Rafael,  Calif 1318 

LOCKPORT  COTTON  BATTING  CO.,  Lockport,  N.  Y 1402 

M 

MARLEY  CO.,  INC.,  THE,  Fairfax  and  Marley  Roads,  Kansas  City  15,  Kan.  .1160 

MARLO  COIL  CO.,  6135  Manchester  Ave.,  St.  Louis  10,  Mo 1180 

MARSH  HEATING  EQUIPMENT  CO.,   SALES  AFFILIATES  of  JAS.  P. 

MARSH  CORP.,  Dept.  5,  Skokie,  111 1361 

JOS.  A.  MARTOCELLO  &  CO.,  229-231  North  13th  St.,  Philadelphia  7,  Pa.. .  1164 

McCORD  CORP.,  Air  Conditioning  &  Refrigeration  Div.,  Detroit,  Mich.. .  .  1111 

MCDONNELL  &  MILLER,  INC.,  Wrigiey  Bldg.,  Chicago  n,  m.. .  1328-1329-1330-1331 

McQUAY,  INC.,  1602  Broadway,  TO.,  Minneapolis  13,  Minn 1112-1113 

MERCOID  CORP.,  THE,  4201  Belmont  Ave.,  Chicago  41,  111 1257 

MEYER  FURNACE  CO.,  THE,  Peoria  1,  111 1086-1087 

MILLS  INDUSTRIES,  INC.,  4100  Fullerton  Ave.,  Chicago  39,  111.. 1181 

MINNEAPOLIS-HONEYWELL  REGULATOR  CO.,  2644  Fourth  Ave.,  So., 

Minneapolis  8,  Minn 1260-1261 

MODINE  MFG.  CO.,  1515  Dekoven  Ave.,  Racine,  Wis 1114-1115 

MOELLER  INSTRUMENT  CO.,  132nd  St.  and  89th  Ave.,  Richmond  Hill  18, 

N.  Y 1262 

MONARCH  MFG.  WORKS,  INC.,  2509  E.  Ontario  St.,  Philadelphia  34,  Pa. . .  1165 
MORRISON  PRODUCTS,  INC.,  East  168th  St.  and  Waterloo  Rd.,  Cleveland 

10,  Ohio 1197 

L.  J.  MUELLER  FURNACE  CO.,  Milwaukee  7,  Wis.  * 1088-1089 

MUNDET  CORK  CORP.,  Insulation  Div.,  7105  Tonnelle  Ave.,  North  Bergen, 

N.  J 1392 

D.  J.  MURRAY  MFG.  CO.,  Wausau,  Wis 1116 

N 

NASH  ENGINEERING  CO.,  THE,  234  Wilson  Rd.,  South  Norwalk,  Conn,    1340-1341 

NATIONAL  HEATER  CO.,  2182  Cleora  Ave.,  St.  Paul  4,  Minn 1100-1101 

NATIONAL  RADIATOR  CO.,  THE,  Johnstown,  Pa 1282-1283 

HERMAN  NELSON  CORP.,  THE,  Moline,  111 1118-1119 

JOHN  J.  NESBITT,  INC.,  Philadelphia  36,  Pa 1117 

ETABLISSEMENTS  NEU,  47,  Rue  Fourier,  Lille,  (Nord)  France 1226 

NEW  YORK  BLOWER  CO.,  THE,  32nd  St.  &  Shields  Ave.,  Chicago  16,  111., .     1198 

NIAGARA  BLOWER  CO.,  405  Lexington  Ave.,  New  York  17,  N.  Y 1070 

W.  H.  NICHOLSON  &  CO,,  211  Oregon  St.,  Wilkes-Barre,  Pa I364r~136S 

O 

OHIO  BRASS  CO,,  Mansfield,  Ohio .  1366 

ARTHUR  A.  OLSON  &  CO.,  Broad  and  Court  Sts.,  Canfield,  Ohio'. !/',".','!'.  1102 
OWENS-CORNING  FIBERGLAS  CORP.,  Toledo  1,  Ohio  ....  1148-1149 

OWENS-ILLINOIS  GLASS  CO.,  Kaylo  Div.,  Toledo  1,  Ohio.  1403 
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PACIFIC  LUMBER  CO.,  THE,  100  Bush  St.,  San  Francisco  4,  Calif 1404 

PACIFIC  STEEL  BOILER  DIV.,  U.S.  RADIATOR  CORP.,  Detroit  31,  Mich..  1289 

PARKS-CRAMER  CO.,  Fitchburg,  Mass 1071 

PATTERSON-KELLEY  CO.,  THE,  101  Burson  St.,  E.  Stroudsburg,  Pa 1167 

PENN  ELECTRIC  SWITCH  CO.,  Goshen,  Ind 1263 

PERFEX  CORP.,  Milwaukee  7,  Wis. 1264 

PETROLEUM  HEAT  &  POWER  CO.,  Stamford,  Conn 1320-1321 

PITTSBURGH  CORNING  CORP.,  307  Fourth  Ave.,  Pittsburgh  22,  Pa.  1388-1389 
PITTSBURGH  LECTRODRYER  CORP.,  Foot  of  32nd  St.,  P.  O.  Box  1766, 

Pittsburgh  30,  Pa. 1072 

PLUMBING  AND  HEATING  JOURNAL  (publication),  45  West  45th  St.,  New 

York  19,  N.  Y 1417 

H.  W.  PORTER  &  CO.,  INC.,  817-G  Frelinghuysen  Ave.,  Newark  5,  N.  J 1384 

POWERS  REGULATOR  CO.,  THE,  2719  Greenview  Ave.,  Chicago  14,  111 1265 

J.  F.  PRITCHARD  &  CO.,  Equipment  Div.,  908  Grand  Ave.,  Kansas  City  6,  Mo.  1161 
PROPELLAIR  DIV.,  ROBBINS  &  MYERS,  INC.,  1947  Clark  Blvd.,  Springfield, 

Ohio 1199 

FRANK  PROX  CO.,  INC.,  1201  S.  First  St.,  Terre  Haute,  Ind 1284 

PYLE-NATIONAL  CO.,  THE,  Multi-Vent  Div.,  1363-78  N.  Kostner  Ave., 

Chicago  51,  111 1228-1229 

R 

RAY  OIL  BURNER  CO.,  401-499  Bernal  Ave.,  San  Francisco  12,  Calif..  .  1322-1323 

C.  L.  RAYFIELD  CO.,  2010-18  S.  Halsted  St.,  Chicago  8,  111 1319 

RAYTHEON  MFG.  CO.,  Waltham  54,  Mass 1147 

REFLECTAL  CORP.,  155  East  44th  St.,  New  York  17,  N.  Y 1408 

REFRIGERATION  ECONOMICS  CO.,  INC.,  1231  Tuscarawas  St.  E.,  Canton 

2,  Ohio 1121 

REFRIGERATION  ENGINEERING,  INC.,  7250  E.  Slauson  Ave.,  Los  Angeles 

22,  Calif 1182 

REGISTER  &  GRILLE  MFG.  CO.,  INC.,  70  Berry  St.,  Brooklyn  11,  N.  Y 1227 

RESEARCH  PRODUCTS  CORP.,  Madison  10,  Wis 1150 

REVERE  COPPER  &  BRASS,  INC.,  230  Park  Ave.,  New  York  17,  N.  Y 1131 

RIC-WIL  CO.,  THE,  Union  Commerce  Bldg.,  Cleveland,  Ohio 1385 

RITTLING  CORP.,  THE,  1292-1298  Niagara  St.,  Buffalo  13,  N.  Y 1173 

ROCHESTER  MFG.  CO.,  INC.,  80  Rockwood  St.,  Rochester  10,  N.  Y. 1266 

ROME-TURNEY  RADIATOR  CO.,  THE,  Erie  Blvd.  East,  Rome,  N.  Y 1174 

S 

SARCO  CO.,  INC.,  Empire  State  Bldg.,  New  York  1,  N.  Y 1368-1369 

SARCOTHERM  CONTROLS,  INC.,  Empire  State  Bldg.,  New  York  1,  N.  Y.. .  1370 

SERVEL,  INC.,  Electric  Refrigeration  Div.,  Evansvllle  20,  Ind 1183 

SHAW-PERKINS  MFG.  CO.,  201  E.  Carson  St.,  Pittsburgh  19,  Pa U75 

SHEET  METAL  WORKER  (publication),  45  West  45th  St.,  New  York  19,  N.  Y.  1417 

SILVERCOTE  PRODUCTS,  INC.,  161  E.  Erie  St.,  Chicago  11,  111 1409 

SIMPLEX  MFG.  CO.,  198-206  N.  Main  St.,  Fond  du  Lac,  Wis 1267 

SIMPLEX  OIL  HEATING  CORP.,  11  Park  Place,  New  York  7,  N.  Y 1324 

H.  B.  SMITH  CO.,  INC.,  THE,  Westfield,  Mass 1285 

SNIPS  MAGAZINE  (publication),  5707  W.  Lake  St.,  Chicago  44,  111 1418 

H.  J.  SOMERS,  INC.,  6063  Wabash  Ave.,  Detroit  8,  Mich. 1152-1153 

SONNER-BURNER  CO.,  412-420  East  6th  Ave.,  Winfield,  Kansas 1310 

SPENCE  ENGINEERING  CO.,  INC.,  28  Grant  St.,  Walden,  N.  Y 1268 

SPENCER  HEATER,  LYCOMING-SPENCER  DIVISION-AVCO  MFG. 

CORP.,  Williamsport,  Pa 1286-1287 

SPRINGFIELD  BOILER  CO.,  1964  E.  Capitol  Ave.,  Springfield,  111 1288 

STANDARD  STAMPING  &  PERFORATING  CO.,  3111  West  49th  Place, 

Chicago  32,  111 1230 

STERLING,  INC.,  3738  N.  Holton  St.,  Milwaukee  12,  Wis 1269 

STEWART  MFG.  CO.,  INC.,  Cedar  Grove,  N.  J 1231 

STRONG,  CARLISLE  &  HAMMOND  CO.,  1392  W.  Third  St.,  Cleveland  13, 

Ohio 1367 

SWARTWOUT  CO.,  THE,  18511  Euclid  Ave.,  Cleveland  12,  Ohio 1214 
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TACO  HEATERS,  INC.,  137  South  St.,  Providence  3,  R.  1 1336 

TAYLOR  FORGE  &  PIPE  WORKS,  INC.,  P.O.  Box  485,  Chicago  90,  II! 1243 

TAYLOR  INSTRUMENT  COMPANIES,  Rochester  1,  N.  Y 1270 

THERMOBLOC  DIVISION,  PRAT-DANIEL  CORP.,  88  Water  St.,  East  Port 

Chester,  Conn 1120 

H.  A.  THRUSH  &  CO.,  Peru,  Ind I334r-1335 

TITUS  MFG.  CORP.,  113  East  8th  St.,  Waterloo,  Iowa 1234 

TITUSVILLE  IRON  WORKS  CO.,  THE,  DIV.  of  STRUTHERS  WELLS 

CORP.,  Titusville,  Pa 1308 

TORRINGTON  MFG.  CO.,  THE,  50  Franklin  St.,  Torrington,  Conn 1200-1201 

TRADE-WIND  MOTORFANS,  INC.,  5725  So.  Main  St.,  Los  Angeles  37,  Calif.  1202 

TRANE  CO.,  THE,  2021  Cameron  Ave.,  LaCrosse,  Wis 1122-1123 

TRION,  INC.,  1000  Island  Ave.,  McKees  Rocks,  Pa 1151 

TUBE  TURNS,  INC.,  Louisville  1,  Ky 1244 

TUTTLE  &  BAILEY,  INC.,  New  Britain,  Conn 1232-1233 

U 

UNITED  STATES  AIR  CONDITIONING  CORP.,  3388  Como  Avenue,  S.E., 

Minneapolis  14,  Minn 1073 

UNITED  STATES  RADIATOR  CORP.,  Detroit  31,  Mich 1290-1291 

UNITED  STATES  REGISTER  CO.,  Battle  Creek,  Mich 1235 

UNITED  STATES  STEEL  CORP.  SUBSIDIARIES,  Pittsburgh,  Pa 1238 

UNITED  STATES  TESTING  CO.,  INC.,  1415  Park  Ave.,  Hoboken,  N.  J 1410 

UTILITY  APPLIANCE  CORP.,  4851  S.  Alameda  St.,  Los  Angeles  11,  Calif.. . .  1092 

V 

VAPOR  HEATING  CORP.,  1450  Railway  Exchange,  Chicago  14,  111 1371 

VINCO  CO.,  INC.,  THE,  305  East  45th  St.,  New  York  17,  N.  Y 1326-1327 

VORTOX  CO.,  Claremont,  Calif 1154 

VULCAN  RADIATOR  CO.,  THE,  26  Francis  Ave.,  Hartford  6,  Conn 1176 

W 

WAGNER  ELECTRIC  CORP.,  6464  Plymouth  Ave.,  St.  Louis  14,  Mo 1212 

WALTON  LABORATORIES,  INC.,  Irvington  11,  N.  J 1076 

WARREN  WEBSTER  &  CO.,  Camden,  N.  J 1372-1373-1374-1375 

WATER  COOLING  EQUIPMENT  CO.,  8613  New  Hampshire  Ave.,  Affton  Sta., 

St.  Louis  23,  Mo 1162 

WATERMAN-WATERBURY  CO.,  THE,  1121  Jackson  St.,  N.  E.,  Minneapolis 

13,  Minn 1090-1091 

WEBSTER  ENGINEERING  CO.,  THE,  115  S.  Frisco  St.,  P.O.  Box  2168, 

Tulsa,  Okla 1311 

WEIL-McLAIN  CO.,  641  W,  Lake  St.,  Chicago  6,  111 1292 

WESTERN  BLOWER  CO.,  1800  Airport  Way,  Seattle  4,  Wash 1203 

WESTINGHOUSE  ELECTRIC  CORP.,  STURTEVANT  DIV.,  Hyde  Park, 

Boston  36,  Mass 1204-1205-1206-1207-4208-1209 

WILLIAMS  OIL-0-MATIC  DIV.,  EUREKA  WILLIAMS  CORP.,  Bloommgton, 

111 1325 

WILSON  &  CO.,  INC.,  Air  Filter  Div.,  4100  S'.  Ashland  Ave.,  Chicago  9,  HI..  1155 

GRANT  WILSON,  INC.,  141  W.  Jackson  Blvd.,  Chicago  4,  111. 1382 

L.  J.  WING  MFG.  CO.,  59  Vreeland  Mills  Road,  Linden,  N.  J 1124-1125-1126 

WOOD  CONVERSION  CO.,  Dept.  220-0,  First  National  Bank  Bidg.,  St.  Paul 

1,  Minn 1405 

WORTHINGTON  PUMP  &  MACHINERY  CORP.,  Air  Conditioning  &  Re- 
frigeration Div.,  Harrison,  N.  J 1074-1075 

Y 

YARNALL-WARING  CO.,  133  Mermaid  Ave.,  Philadelphia  18,  Pa.  ,           1376 

YORK  CORP.,  York,  Pa .             .   '"  '        '     1Q77 

YOUNG  RADIATOR  CO.,  Dept.  540,  Racine,  Wis .  "     "     1127 

YOUNG  REGULATOR  CO.,  5209  Euclid  Ave.,  Cleveland  3,  Ohio         .  1236 
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ACCUMULATORS 

Frick  Co.,  Inc.,  1179 
McQuay,  Inc.,  1112-1113 
Worthington  Pump  &  Machinery 
Corp.,  1074-1075 


ADSORBERS,  Odor 

W.  B.  Connor  Engineering  Corp., 
1140-1143,  1220-1221 

AIR  CLEANING  EQUIPMENT 

(See  also  Filters,  Air) 
Air  &  Refrigeration  Corp.,  1059 
Air  Devices,  Inc.,  1132,  1215 
Air  Filter  Corp.,  1133 
Air-Maze  Corp.,  The,  1134-1135 
American    Air    Filter    Co,,    Inc., 

1136-1138 

American  Moistening  Co.,  U63 
American    Radiator    &    Standard 

Sanitary  Corp.,  1272-1275 
Continental  Air  Filters,  Inc.,  1139 
Dollinger  Corp.  (formerly  Staynew 

Filter  Corp.)  1144-1145 
Fair  Co.,  1146 

Fly  Ash  Arrester  Corp,  The,  1293 
Etablissements  Neu,  1226 
Owens-Corning    Fiberglas    Corp., 

1148-1149 

J.  F.  Pritchard  &  Co.,  1161 
Baytheon  Mfg.  Co.,  1147 
Research  Products  Corp.,  1150 
Trion,  Inc.,  1151 
Vortox  Co.,  1154 
Westinghouse  Electric  Corp.,  Stur» 

tevant  Div,,  1204*1209 
Wilson  &  Co.,  lac.,  1155 

AIR  COMPRESSORS  (See  Com- 
pre&sors,  Air) 

AIR  CONDITIONING  COILS 

Acme  Industries,  Inc.,  1166 
Aerofux  Corp.,  1168-1170 
Airtherm  Mfg.  Co»  1093 
American  Blower  Corp.,  1060-1061 
Bell  &  Gossett  Co,,  1332-1333 
Carrier  Corp.,  1064-1065 
Curtis  Refrigerating  Machine  Div. 

of  Curtis  Mfg.  Co.,  1178 
Hastings  Air  Conditioning  Co.,  Inc., 

1067 

Jaden  Mfg.  Co.,  1109 
Kennard  Corp.,  1110 
Mario  Coil  Co,,  1180 
McCord  Corp.,  1111 
McQuay,  Inc.,  1112-1113 
Modine  Mfg.  60.,  1114-1115 
John  J.  Nesbitt,  Inc.,  1117 
Niagara  Blower  Co.,  1070 
Refrigeration  Economics  Co.,  Inc., 

1121 

Refrigeration  Engineering,  Inc.,  1182 
Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp,,  1073 
Vulcan  Radiator  Co.,  The,  1176 


Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Young  Radiator  Co.,  1127 

AIR  CONDITIONING  COM- 
PRESSION EQUIPMENT 

Airtemp  Div.,  Chrysler  Corp., 
1084-1085 

Carrier  Corp.,  1064-1065 

Curtis  Refrigerating  Div,,  of  Curtis 
Mfg.  Co.,  1178 

Frick  Co.,  Inc.,  1179 

General  Electric  Co.,  (Bloomfield, 
N.  J.),  1068-1069 

Mills  Industries,  Inc.,  1181 

Servel,  Inc.,  1183 

Trane  Co.,  The,  1122-1123 

Westinghouse  Electric  Corp.,  Sturte- 
vant  Div.,  1204-1209 

York  Corp.,  1077 

AIR  CONDITIONING  CON- 
TROLS (See  Controllers  and  Con- 
trol Equipment,  Humidity  and 
Temperature  Controls} 

AIR  CONDITIONING  REGIS- 
TERS AND  GRILLS  (See 
Grillea,  Registers} 

AIR  CONDITIONING  SCREEN 

(See  Shade  Screening) 

AIR  CONDITIONING  UNITS 


Air  &  Refrigeration  Corp.,  1059 
Airtemp  Div.,  Chrysler  Corp., " 


1085 


1084- 


Arnerican  Blower  Corp.,  1060-1061 
American    Radiator    &    Standard 

Sanitary  Corp.,  1272-1275 
Bahnson  Co.,  The,  1062-1063 
Bell  &  Gossett  Co.,  1332-1333 
Bryant  Heater  Div.,  1081 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Carrier  Corp.,  1064-1065 
Clarage  Fan  Co.,  1066 
Curtis  Refrigerating  Machine,  Div. 

of  Curtis  Mfg.  Co.,  1178 
Farr  Co.,  1146 
Fedders-Quigan,  Corp.,  1105 
Frick  Co.,  Inc.,  1179 
General  Electric  Co.   (Bloomfield, 

N.  J,),  1068-1069 
Hastings  Air  Conditioning  Co.,  Inc. 

1067 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Jaden  Mfg.  Co,,  1109 
S.  T.  Johnson  Co.,  1316-1317 
Kennard  Corp.,  1110 
Mario  Coil  Co.,  1180 
McQuay,  Inc.,  1112-1113 
Meyer  Furnace  Co.,  1086-1087 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
John  J.  Nesbitt,  Inc.,  1117 
Niagara  Blower  Co.,  1070 
Refrigeration  Economics  Co.,  Inc*, 

1121 


Refrigeration  Engineering,  Inc.,  1182 

Servel,  Inc.,  1183 

Trane  Co.,  The,  1122-1123 

United    States    Air    Conditioning 

Corp.,  1073 
Waterman-Waterbury     Co.,     The, 

1090-1091 

Western  Blower  Co.,  1203 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Waiiams-Oil-0-Matic  Div.,  Eureka 

Williams  Corp.,  1325 
Worthington  Pump   <fe  Machinery 

Corp.,  1074-1075 
York  Corp.,  1077 
Young  Radiator  Co.,  1127 

AIR  COOLING,  HUMIDIFYING 
AND  DEHUMIDIFYING  AP- 
PARATUS 

Aerofin  Corp.,  1168-1170 

Air  &  Refrigeration  Corp.,  1059 

Airtemp  Div.,  Chrysler  Corp.  1084- 

1085 

American  Blower  Corp.,  1060-1061 
American  Moistening  Co.,  1163 
Armstrong  Machine   Works,   1346- 

1347 

Bahnson  Co.,  The.,  1062-1063 
Buffalo  Forge  CoM  1188 
Buffalo  Pumps,  Inc.,  1337 
Carrier  Corp.,  1064-1065 
Clarage  Fan  Co.,  1066 
Farr  Co.,  1146 
Frick  Co.,  Inc.,  1179 
General  Electric  Co.   (Bloomfield. 

N.  J.).  1068-1069 
Kennard  Corp.,  1110 
Mario  Coil  Co.,  1180 
Modine  Mfg,  Co.,  1114-1115 
D.  J.  Murray  Mfg.  Co.,  1116 
John  J.  Nesbitt.  Inc.,  1117 
Etablissements  Neu,  1226 
Niagara  Blower  Co.,  1070 
Parks-Cramer  Co,,  1071 
J.  F,  Pritchard  <fc  Co.,  1161 
Refrigeration  Economics  Co.,  Inc., 

1121 
Refrigeration    Engineering,    lac., 

1182 

Trane  Co.,  The,  1122-1123 
United  States  Air  Cond'g  Corp,, 

1073 

Utility  Appliance  Corp..  1092 
Westinghouse  Electric  Corp..  Stur- 

tevant  Div.,  1204-1209 
York  Corp.,  1077 
Young  Radiator  Co.,  1127 

AIR  DIFFUSERS  AND  VENTI- 
LATORS, FLOOR  AND  WALL 
Air  Devices,  Inc.,  1132,  1215 
Aladdin  Heating  Corp.,  1184 
Anemostat  Corp.  of  America,  1210- 

1217 
W.  B.  Connor  Engineering  Corp., 

1140-1143, 1220-1221 
Charles  Demuth  &  Sons,  Inc.,  1219 
Independent    Register    Co.,    The, 
1223 


Numerals  following  Manufacturers'  Names  refer  to  pages  In  the  Catalog  Data  Section 
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Knowles  Mushroom  Ventilator  Co., 
1222 

Minneapolis-Honeywell  Regulator 
Co.,  1260-1261 

Pyle-National  Co.,  The,  Multi- 
Vent  Div.,  1228-1229 

Register  &  Grille  Mfg.  Co.,  Inc., 
1206 

Standard  Stamping  &  Perforating 
Co.,  1208 

Titus  Mfg.  Corp.,  1212 

Tuttle  &  Bailey,  Inc.,  1210-1211 


AIR  VELOCITY  METERS   (See  AXIAL  FLOW  FANS  (See  Fans, 
Meters) 


AIR  DUCTS  (See  Ducts) 


AIR  ELIMINATORS 
V.  D,  Anderson  Co.,  The,  1344-1345 
C.  A.  Dunham  Co.,  1350-1354 
Illinois  Engineering  Co.,  1362-1363 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P    Marsh 

Corp.,  1361 
Sarco  Co.,  Inc.,  1368-1369 


AIR  FILTER  GAGE 

Air  Devices,  Inc.,  1132,  1215 
Owens-Corning     Fiber  glas     Corp., 

1148-1149 
Research  Products  Corp.,  1150 


AIR   FILTERS   (See  Filters,   Air; 
Air  Cleaning  Equipment) 


AIR    MEASURING    INDICAT- 
ING AND  RECORDING  IN- 
STRUMENTS 
Anemostat  Corp.  of  America,  1216- 

1217 
Illinois  Testing  Laboratories,  Inc., 

1256 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Etablissements  Neu,  1226 
Parks-Cramer  Co.,  The,  1071 
Powers  Regulator  Co.,  The,  1265 
Taylor  Instrument  Go's.,  1270 


AIR    MOISTENING    APPARA- 
TUS (See  Humidifiers) 


AIR  PURIFYING  APPARATUS 

Air  &  Refrigeration  Corp.,  1059 

Air  Filter  Corp.,  1133 

W.  B.  Connor  Engineering  Corp., 

1140-1143, 1220-1221 
National  Radiator  Co.,  The  1282- 

1283 
J.  F.  Pritehard  &  Co.  (Puridryer 

Dept.),  1161 

Raytheon  Mfg.  Co.,  1147 
Trion,  Inc.,  1151 
Vortox  Co.,  1154 
Wilson  &  Co.,  Inc.,  1155 


AIR  RECEIVERS   (See  Receivers, 
Air) 


AIR  RECOVERY,  Method  of 

W.  B.  Connor  Engineering  Corp., 
1140-1143,  1220-1221 

AIR  TRAPS  (See  Traps  Air) 


AIR   TUBING,   Flexible    Metal 

(See  Tubing,  Flexible  Metallic) 


AIR  WASHERS 

Air  &  Refrigeration  Corp.,  1059 
American  Blower  Corp.,  1060-1061 
Bahnson  Co.,  The,  1062-1063 
Bayley  Blower  Co.,  1186 
Bishop  &  Babock  Mfg.  Co.,  The, 

(Massachusetts  Blower  Div.),  1187 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Carrier  Corp.,  1064-1065 
Clarage  Fan  Co.,  1066 
Continental  Air  Filters,  Inc.,  1139 
D   J.  Murray  Mfg.  Co.,  1116 
National  Radiator  Co.,  The,  1282- 

1283 

New  York  Blower  Co.,  The,  1198 
Niagara  Blower  Co.,  1070 
Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 

Western  Blower  Co.,  1203 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 

ALARMS,  Water  Level 

McDonnell    &   Miller,   Inc.,    1328- 

1331 
Photoswitch,     Inc.,     (Affiliate     of 

Combustion  Control  Corp.),  1246 
Yarnall-Waring  Co.,  1376 

ALUMINUM  DUCTS  (See  Ducts, 
Aluminum) 

ALUMINUM  FOIL,  Insulation 

Lockport  Cotton  Batting  Co.,  1402 
Refiectal  Corp.,  1408 
Silvercote  Products,  Inc.,  1409 

ALUMINUM  FOIL  VAPOR  BAR- 
RIER (See  Aluminum^Foil) 

ALUMINUM  SHEETS  (See  Sheets, 
Aluminum) 

AMMONIA  COILS  (See  Coils, 
Ammonia) 

ANCHORS,  Pipe 

H.  W.  Porter  &  Co.,  Inc.,  1384 
Ric-wiL  Co.,  The,  1385 

ANEMOMETERS 

Illinois  Testing  Laboratories,  Inc., 
1256 

ASBESTOS     PRODUCTS     (See 

Insulation) 
Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 

Celotex  Corp.,  The,  1393 
Johns-Manville,  1398-1399 
H.  W.  Porter  &  Co.,  Inc.,  1384 
Grant  Wilson,  Inc.,  1382 

ATOMIZING  SPRAY  NOZZLES 

(See  Spray  Nozzles) 

ATTIC  FAN  COOLERS  (See 
Fans,  Attic;  Ventilators,  Attic) 

AUTOMATIC  FUEL  BURNING 
EQUIPMENT  (See  Burners,  Au- 
tomatic; Gas  Burners;  Oil  Burners; 
Stokers) 

AUTOMATIC  SHUTTERS  (See 
Shutters,  Automatic) 


BASEBOARD  HEATING 
American    Radiator     &    Standard 

Sanitary  Corp.,  1272-1275 
Burnharn  Corp.,  1277 
Crane  Co.,  1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
Kritzer  Radiant  Coils,  Inc.,  1172 
Pacific   Steel    Boiler    Div.,    U.    S. 

Radiator  Corp.,  1289 
Kittling  Corp.,  The,  1173 
Rome-Turney  Radiator  Co.,  The, 

1174 

H,  B.  Smith  Co,,  Inc.,  The,  1285 
United  States  Radiator  Corp.,  1290- 

1291 

Vulcan  Radiator  Co.,  The,  1176 
Warren  Webster    &  Co.,  1372-1375 
Weil-McLain  Co.,  1292 


BELLOWS 

Chicago  Metal  Hose  Co.,  1130,  1240 


BENDS,  Pipe,  Ferrous  and  Non- 
Ferrous 

Eagle-richer  Co.,  The,  1304 
Grirmell  Co.,  Inc.,  110(5-1107 
Arthur  Harris  <fe  Co.,  1241 
Taylor  Forge  &  Pipe  Works,  Inc., 
1243 


BENDS  (See  Pipe,  Return*) 

BLOCKS,  Asbestos 

Philip  Caroy  Mfg.  Co.,  The,  1380- 

1381 
Grant  Wilson,  Inc.,  1382 


BLOCKS,  Glass 

American  Structural  ProduetH  Co., 

1386 
Pittsburgh  Coming  Corp.,  1388-1389 


BLOCKS,  Mineral  Wool 

Owens-Corning     FiboraUiM     Corp, 
1148-114!) 


BLOWER  HOUSINGS 

Bishop  &  Babcock  Mfo.  Co.,  The, 

(Massachusetts  Blower  Div.),  1187 
Lau  Blower  Co.,  The,  1196 
Meyer  Furnace  Co.,  Th*%  1086-1087 
United    States    Air    Conditioning 

Corp,,  1073 
Westinghouse  Electric  Corp.,  Sfcur- 

tevant  Div.,  1204-1200 

BLOWER  MOTORS  (See  Motor®, 
Electric) 


BLOWERS,     Centrifugal 

Fans) 


BLOWERS,  Fan  ($m  Fawt$  Sup- 
pig  and  Exhaust) 


BLOWERS,  Forced  Draft 

Aladdin  Heating  Corp,,  1184 
American  Blower  Corp,,  1060-1061 
American  Coolair  Corp,,  1185 
Bayley  Blower  Co.,  1186 
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Bishop  &  Babcock  Mfg.  Co.,  The, 

(Massachusetts  Blower  Div.),  1187 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Clarage  Fan  Co.,  1066 
General  Blower  Co.,  1191 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Joy  Mfg.  Co.,  1194-1195 
Herman  Nelson  Corp.,  The,  1118- 

1119 

New  York  Blower  Co.,  The,  1198 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
L.  J.  Wing  Mfg.  Co.,  1124-1126 


BLOWERS,  Heating  and  Venti- 
lating 

Aladdin  Heating  Corp.,  1184 
American  Blower  Corp.,  1060-1061 
American  Coolair  Corp.,  1185 
American  Foundry  &  Furnace  Co., 

1078-1079 
American    Radiator     &    Standard 

Sanitary  Corp.,  1272-1275 
Automatic    Gas    Equipment    Co., 

1103 

Bayley  Blower  Co.,  1186 
Bishop  &  Babcock  Mfg.  Co.,  The, 

(Massachusetts  Blower  Div.),  1187 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Campbell  Heating  Co.,  1082-1083, 

1094 

E.  K.  Campbell  Co.,  1095 
Clurage  Fan  Co.,  1066 
C.  A.  Dunham  Co.,  1350-1354 
General  Blower  Co.,  1191 
Hastings  Air  Conditioning  Co.,  Inc., 

1067 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Jaden  Mfg.  Co.,  1109 
Joy  Mfg.  Co.,  1194-1195 
Lau  Blower  Co.,  The,  1196 
Meyer  Furnace  Co.,  The,  1086-1087 
Morrison  Products,  Inc.,  1197 
L.  J-  Mueller  Furnace  Co.,  1088-1089 
Herman  Nelson  Corp.,  The,  1118- 

1119 

New  York  Blower  Co.,  The,  1198 
Niagara  Blower  Co.,  1070 
Torrington  Mfg.  Co.,  The,  1200-1201 
Trade-Wind  Motorfans,  Inc.,  1202 
Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 

Utility  Appliance  Corp.,  1002 
Western  Blower  Co.,  1203 
Westinghouse  Electric  Corp,,  Stur- 

tevant  Div.,  1204-1209 
L.  J,  Wing  Mfg.  Co.,  1124-1126 

BLOWERS,  Pressure 

American  Blower  Corp.,  1000-1061 

American  Coolair  Corp.,  1185 

Bayley  Blower  Co.,  1186 

Buffalo  Forge  Co.,  1188 

Clarage  Fan  Co.,  1066 

General  Blower  Co.,  1191 

Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Ingersoll-Rand,  1342 
United    States    Air    Conditioning 

Corp.,  1073 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 

BLOWERS,  Turbine 

Western  Blower  Co.,  1203 

L.  J.  Wing  Mfg.  Co.,  1124-1126 

BLOWERS.  Warm  Air  Furnace 

Aladdin  Heating  Corp.,  1184 


American  Foundry  &  Furnace  Co., 

1078-1079 

American  Furnace  Co.,  1080 
Bishop   &  Babcock  Mfg.  Co.,  The 

(Massachusetts  Blower  Div.),  1187 
Bryant  Heater  Div.,  1081 
Campbell   Heating  Co.,   1082-1083, 

1094 

Clarage  Fan  Co.,  1066 
General  Blower  Co.,  1191 
Meyer  Furnace  Co.,  The,  1086-1087 
Morrison  Products,  Inc.,  1197 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
Utility  Appliance  Corp.,  1092 
L.  J.  Wing  Mfg.  Co.,  1124-1126 


BOILER-BURNER 

Air  Devices,  Inc.,  1132,  1215 

Aldrich  Co.,  1271 

American    Radiator    &    Standard 

Sanitary  Corp.,  1272-1275 
Automatic  Burner  Corp.,  1313 
Bryan  Steam  Corp.,  1276 
Bryant  Heater  Div.,  1081 
Burnham  Corp.,  1277 
Fitzgibbons  Boiler  Co.,  Inc.,  1300- 

1301 
General  Automatic  Products  Corp., 

1280 
General   Electric  Co.    (Bloomfield, 

N.  J.),  1068-1069 
Gold  Top  Heating,  Inc.,  1309 
Hook  &  Ackerman,  1281 
S.  T.  Johnson  Co.,  1316-1317 
National  Radiator  Co.,  The,  1282- 

1283 
Pacific   Steel   Boiler   Div.,   U.   S. 

Radiator  Corp.,  1289 
Petroleum    Heat    &    Power    Co., 

1320-1321 

Ray  Oil  Burner  Co.,  1322-1323 
Sonner  Burner  Co.,  1310 
Weil-McLain  Co.,  1292 
Williams  Oil-0-Matic  Div.,  Eureka 

Williams  Corp.,  1325 


BOILER  COMPOUNDS  (See  Com- 
pounds, Boiler") 

BOILER  COVERING  (See  Cover- 
ing, Pipe  and  Surfaces') 

BOILER     FEED     PUMPS     (See 
Pumps,  Boiler  Feed) 

BOILER  FEEDERS  (See  Feeders, 
Boiler) 


BOILER  GRATES  (See  Grates  or 
Boilers) 

BOILER   WATER   FIELD   KIT, 
for  Testing  and  Treating 

Vinco  Co.,  Inc.,  The,  1326-1327 

BOILER  WATER  TREATMENT 

Vinco  Co.,  Inc.,  The,  1326-1327 


BOILERS,  Cast-iron 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 
American    Radiator    <fe    Standard 

Sanitary  Corp.,  1272-1275 
Bryant  Heater  Div.,  1081 
Burnham  Corp,,  1277 
Crane  Co.,  1278-1279 
Hook  <fe  Ackerman,  1281 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
National  Radiator  Co.,  The,  1282- 

1283 


Pacific    Steel   Boiler    Div.,    U.    S. 

Radiator  Corp.,  1289,  1290-1291 
Petroleum    Heat     &    Power    Co., 

1320-1321 

Frank  Prox  Co.,  Inc.,  1284 
H.  B.  Smith  Co.,  Inc.,  The,  1285 
Spencer    Heater    Div.,    The   Avco 

Mfg  Corp.,  1286-1287 
United  States  Radiator  Corp..  1290- 

1291 

Weil-McLain  Co.,  1292 
Williams  Oil-0-Matic  Div.,  Williams 

Eureka  Corp.,  1325 


BOILERS,  Down  Draft 

Farrar  &  Trefts,  Inc.,  1299 
Kewanee  Boiler  Corp.,  1304-1307 
Pacific    Steel   Boiler    Div,,    U.    S. 
Radiator  Corp.,  1289 


BOILERS,  Gas  Fired 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

Aldrich  Co.,  1271 
American    Radiator    &    Standard 

Sanitary  Corp.,  1272-1275 
Bryan  Steam  Corp.,  1276 
Bryant  Heater  Div.,  1081 
Burnham  Corp.,  1277 
Combustion        Engineering-Super- 
heater, Inc.,  1296 
Crane  Co.,  1278-1279 
Cyclotherm  Corp.,  1297 
Dewey-Shepard  Boiler  Co.,  1298 
Farrar  &  Trefts,  Inc.,  1299 
Fitzgibbons  Boiler  Co.,  Inc.,  1300- 

1301 

Hook  &  Ackerman,  1281 
International  Boiler  Works  Co.,  1302 
Johnston  Bros.,  Inc.,  1303 
Kewanee  Boiler  Corp.,  1304-1307 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
National  Radiator  Co.,  The,  1282- 

1283 
Pacific   Steel   Boiler   Div.,    U.    S 

Radiator  Corp,  1289 
Frank  Prox  Co.,  Inc.,  1284 
Spencer   Heater   Div.,   The  Avco 

Mfg.  Corp.,  1286-1287 
United  States  Radiator  Corp.,  1290- 

1291 

Vapor  Heating  Corp.,  1371 
Weil-McLain  Co.,  1292 


BOILERS,  Heating 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

Aldrich  Co.,  1271 
American    Radiator    <fe    Standard 

Sanitary  Corp.,  1272-1275 
Babcock  &  Wilcos  Co.,  The,  1294 
Brownell  Co.,  The,  1295 
Bryan  Steam  Corp.,  1276 
Bryant  Heater  Div.,  1081 
Burnham  Corp.,  1277 
Crane  Co.,  1278-1279 
Cyclotherm  Corp.,  1297 
Dewey-Shepard  Boiler  Co.,  1298 
Farrar  &  Trefts,  Inc.,  1299 
Fitzgibbons  Boiler  Co.,  Inc..  1300- 

1301 
General  Electric  Co.,  (Bloomfield, 

N.  J.),  1068-1089 
Hook  &  Ackerman,  1281 
International    Boiler    Works    Co.. 

The,  1302 

Johnston  Bros,  Inc.,  1303 
Kewanee  Boiler  Corp.,  1304-1307 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
National  Radiator  Co.,  The,  1282- 

1283 
Pacific   Steel   Boiler   Div.,   U.    8. 

Radiator  Corp.,  1289 
Petroleum    Pleat    &    Power    Co., 

1320-1321 
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Frank  Pros  Co.,  Inc.,  1284 

H.  B.  Smith  Co.,  Inc.,  The,  1285 

Spencer    Heater   Div.,    The   Avco  Spencer   Heater    Div.,    The   Avco 

Mfg.  Corp.,  1286-1287  Mfg.  Corp.,  1286-1287 

Springfield  Boiler  Co.,  128S  Springfield  Boiler  Co.,  1288 

Titusville    Iron  Works    Co.,    The  Titusville    Iron    Works    Co.,    The 

(Div.  of  Struthers  Wells  Corp.),  (Div.  of  Struthers  Wells  Corp.), 

1308  1308 

United  States  Radiator  Corp.,  1290-  Williams  Oil-0-Matic  Div.,  Williams 

1291  Eureka  Corp.,  1325 


Petroleum  Heat  &  Power  Co.,  1320-   BURNERS,  Oil  (See  OH  Burners) 
1321 


Vapor  Heating  Corp.,  1371 
Weil-McLain  Co.,  1292 


BOILERS,  Magazine  Feed 

Farrar  &  Trefts,  Inc.,  1299 
Spencer    Heater    Div.,   The 
Mfg.  Corp.,  1286-1287 


BOILERS,  On  Burning 

Air  Devices,  Inc.,  1132,  1215 


BOILERS,  Unit  Steam  Gener- 
ator 

Cyclotherm  Corp.,  1297 
International  Boiler  Works  Co.,  The, 
Avco       1302 

Johnston  Bros,,  Inc.,  1303 
Springfield  Boiler  Co.,  1288 
Vapor  Heating  Corp.,  1371 


CALKING,  Building 
Philip  Carey  Mfg.  Co.,  The,  1380- 
1381 


CARBON,  Activated 
W.  B.  Connor  Engineering  Corp., 
1140-1143,  1220-1221 


CASTINGS,  Bronze  and  Dairy 

Nickel  Silver  Metal 
Arthur  Harris  &  Co.,  1241 


BOILERS,  Water  Tube 


CELLULAR   GLASS    (See  Glass, 
Cellular} 


Airtemp  Div.,  Chrysler  Corp.,  1084-    American    Radiator     &    Standard 

Sanitary  Corp.,  1272-1275 
Babcock  &  Wilcox  Co.,  The,  1294 
Bryan  Steam  Corp.,  1276  f 
Combustion        Engineering-Super- 
heater, Inc.,  1296 
Foster  Wheeler  Corp.,  1158 


Aldrich  Co.,  1271 

American    Radiator     &    Standard 

Sanitary  Corp.,    1272-1275 
Babcock  &  Wilcox  Co.,  The,  1294 
Bryan  Steam  Corp.,  1276 
Burnham  Corp.,  1277 
Crane  Co.,  1278-1279 
Cyclotherm  Corp.,  1297 
Dewey-Shepard  Boiler  Co.,  1298 
Farrar  &  Trefts,  Inc.,  1299 
Fitzgibbons  Boiler  Co.,  Inc.,  1300- 

1301 
General  Electric  Co.    (Bloomfield, 

N.  J.),  1068-1069 
International    Boiler    Works    Co., 

The,  1302 

Johnston  Bros.,  Inc.,  1303 
Kewanee  Boiler  Corp.,  1304-1307 


CEMENT,  Asbestos 
Philip  Carey  Mfg.  Co.p  The,  1380- 
1381 


International    Boiler    Works    Co.,    CEMENT,  Insulating 


30.,  Inc.,  The,  1285 
Springfield  Boiler  Co.,  1288 


1381 


-vxuo    Iron    Works    Co.,    The    B^KcherCo.,  The   139 4 
(Div.  of  Struthers  Wells  Corp.),    Johns-Manville,  1398-1399 
1308 


BRACKETS,  Radiator 

American    Radiator     & 


Sanitary  Corp.,  1272-1275 


CEMENT,  Mineral  Wool 

,     ,    Philip  Carey  Mfg.  Co.,  The  1380- 
Standard       1331 


Eagle-Picher  Co.,  The,  1394 


National  Radiator  Co.,  The,  1282-  Carty    &  Moore  Engineering  Co., 

1283  1349 

Psrifip   Stpel   Boiler    Div      U     S  Grinnell  Co.,  Inc.,  1106-1107                ^m,^-,,,,     «  *                 /«       « 

Sdiator Corp    1289  Pacific    Steel   Boiler    Div.,    U.    S.    CEMENT     Refractory    (See   Re- 

Petroleum  Heat  &  Power  Co.,  1320-  Radiator  Corp.,  1289                            fractones) 

1321  United  States  Radiator  Corp.,  1290- 
Frank  Prox  Co.,  Inc.,  1284 
H.  B.  Smith  Co.,  Inc.,  The,  1285 


Spencer  Heater   Div.,   The   Avco 

Mfg.  Corp.,  1286-1287 
Springfield  Boiler  Co.,  1288 


CHIMNEYS  (See  Breechings) 


BREECHINGS 


Brownell  Co.,  The,  1295 
The    Farrar  &  Trefts,  Inc.,  1299 


Titusville    Iron   Works    Co.,    JLUO 

(Div.  of  Struthers  Wells  Corp.), 

1308 

United  States  Radiator  Corp.,  1290-  BURNERS,  Automatic 

1291  A  T  J    '    V.    /""I           1O71 

Vapor  Heating  Corp    1371  Enterprise°Engme  &  Foundry  Co., 

Weil-McLam  Co.,  1292  101  K 

Williams  Oil-0-Matic  Div.,  Williams  Ge*eral  Automatic  Products  Corp., 

Eureka  Corp.,  1325  1280 

Gold  Top  Heating,  Inc.,  1309 
S.  T.  Johnson  Co.,  1316-1317 

BOILERS,  Steel  Johnst9n  Bros.,  Inc.,  1303 

Airtemp  Div.,  Chrysler  Corp.,  1084-  gay  Oil  Burner  Co.,  1322-1323 

1085  SimplexjDil  Heatmg^Corp^  1324 


Aldrich  Co.,  1271 
Brownell  Co.,  The,  1295 
Bryan  Steam  Corp.,  1276 
Burnham  Corp.,  1277 


ix  orp., 

Sonner  Burner  Co.,  Inc.,  1310 


CIRCULATORS,      Hot     Water 
Heating 

Bell  &  Gossett  Co.,  1332-1333 

Chicago  Pump  Co.,  1338 

Crane  Co.,  1278-1279 

Hoffman  Specialty  Co.,  1356-1359 

Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas,  P.  Marsh 

Corp.,  1361 
Minneapolis-Honey  wol  I     Regulator 

Co.,  1260-1261 
Pacific    Stool  Boiler  Div.,    U.    B. 

Radiator  Corp.,  1289 
Taco  Heaters,  Inc.,  1338 
H.  A.  Thrush  &  Co.,  1334-1335 
Trane  Co.,  The,  1122-1123 
United  States  Radiator  Corp.,  1290- 

1291 


}^,,  BURNERS,    Combination    Gas 

Combustion    "  'Engineering-Super-       anc*  ^ 

heater,  Inc.,  1296  Babcock  &  Wilcox  Co.,  The,  1294 

Cyclotherm  Corp.,  1297  Combustion       Engineering-Super-   ™  irAXrwtxa  Air  c<?*    A'  n*™*** 

296  CLEANERS,  Air  (0«  Air  Cleaning 

!  Furnace  and  Boiler) 


Dewey-Shepard  Boiler  Co.,  1298 
Farrar  &  Trefts,  Inc.,  1299 
Fitzgibbons  Boiler  Co.,  Inc.,  1300- 

1301 

Foster  Wheeler  Corp.,  1158 
International    Boiler    Works    Co., 

The,  1302 

Johnston  Bros.,  Inc.,  1303 
Kewanee  Boiler  Corp.,  1304-1307 


Automatic) 


heater,  Inc.,  1296  " 
Combustion  Equipment  Div.,  Todd 

Shipyards  Corp.,  1314 
Dewey-Shepard  Boiler  Co.,  1298 
Enterprise  Engine  &  Foundry  Co.,    COAL  BURNERS   (/See  Burners, 

Burner  Div.,  1315 
S.  T.  Johnson  Co.,  1316-1317 
Ray  Oil  Burner  Co.,  1322-1323 

^.^wvfuuuu  j^wA4.ujL  ^vif ,  *wv-x— JLUVI         Simplex  Oil  ELQQi'ti'o.Q  Corp.,  1324 
National  Radiator  Co.,  The,  1282-   Webster  Engineering  Co.,  The,  1311 

1283  Philip  Carey  Mfg.  Co.,  The,  1380- 

Pacific  Steel   Boiler   Div.,   U.   S.  1381 

Radiator  Corp.,  1289  BURNERS,  Gas  (See  Gas  Burners)   Eagle-Picher  Co.,  The,  1394 
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COILS,  Aluminum 
Aerofin  Corp.,  1168-1170 
Mario  Coil  Co.,  1180 
McQuay,  Inc.,  1112-1113 
John  J.  Nesbitt,  Inc.,  1117 
Niagara  Blower  Co.,  1070 
Refrigeration  Economics  Co.,  1121 
Rome-Turney  Radiator  Co.,  The, 

1174 

Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Young  Radiator  Co.,  1127 


COILS,  Ammonia 

Acme  Industries,  Inc.,  1166 

Aerofin  Corp.,  1168-1170 

G   &  O  Manufacturing  Co.,  The, 

1171 

Kennard  Corp.,  1110 
Mario  Coil  Co.,  1180 
McQuay,  Inc.,  1112-1113 
Modine  Mfg.  Co.,  1114-1115 
Niagara  Blower  Co.,  1070 
Refrigeration  Economics  Co.,  Inc., 

1121 
Refrigeration     Engineering,     Inc., 

1182 

Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 

Yarnall-Waring  Co.,  1376 
York  Corp.,  1077 


McQuay  Inc.,  1112-1113 
Modine  Mfg.  Co.,  1114-1115 
D.  J.  Murray  Mfg.  Co.,  1116 
John  J.  Nesbitt,  Inc.,  1117 
New  York  Blower  Co.,  The,  1198 
Niagara  Blower  Co.,  1070 
Refrigeration  Economics  Co.,  Inc., 

1121 
Refrigeration     Engineering,     Inc., 

1182 
Rome-Turney  Radiator  Co.,  The, 

1174 

Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Young  Radiator  Co.,  1127 

COILS,  Pipe,  Copper 

Arthur  Harris  &  Co.,  1241 
Kritzer  Radiant  Coils,  Inc.,  1172 
Niagara  Blower  Co  ,  1070 
United    States    Air    Conditioning 
Corp.,  1073 

COILS,  Pipe,  Iron 

Acme  Industries,  Inc.,  1166 
Bayley  Blower  Co.,  1186 
Kritzer  Radiant  Coils,  Inc.,  1172 
Niagara  Blower  Co.,  1070 


COILS,  Blast 

Aerofin  Corp.,  1168-1170 
Airtherm  Mfg.  Co.,  1093 
American  Blower  Corp.,  1060-1061 
G  &  0  Mfg.  Co.,  The,  1171 
Hastings  Air  Conditioning  Co.,  Inc., 

1067 

Kennard  Corp.,  1110 
Mario  Coil  Co.,  1180 
McCord  Corp.,  1111 
McQuay,  Inc.,  1112-1113 
Modine  Mfg.  Co.,  1114-1115 
D.  J.  Murray  Mfg.  Co.,  1116 
John  J.  Nesbitt,  Inc.,  1117 
New  York  Blower  Co.,  The,  1198 
Niagara  Blower  Co.,  1070 
Refrigeration  Economics  Co.,  Inc., 

1121 

Rittling  Corp.,  Thes  1173 
Rome-Turney  Radiator  Co.,  The, 

1174 

Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 

Vulcan  Radiator  Co.,  The,  1176 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Young  Radiator  Co., 


COILS,  Brass 

Arthur  Harris  &  Co.,  1241 
Mario  Coil  Co.,  1180 
McQuav,  Inc.,  1112-1113 
Trane  Co.,  The,  1122-1123 


COILS.  Cooling 

Aerofin  Corp.,  1168-1170 
American  Blower  Corp.,  1060-1061 
Frick  Co.,  Inc.,  1179 
G  &  0  Mfg.  Co.,  The,  1171 
Arthur  Harris  &  Co.,  1241 
Hastings  Air  Conditioning  Co.,  Inc., 

1067 

Kennard  Corp.,  1110 
Mario  Coil  Co.,  1180 
McCord  Corp.,  1111 


COILS,  Pipe  and  Tube,  Non- 
Ferrous 

McQuay,  Inc.,  1112-1113 
Niagara  Blower  Co.,  1070 
Rome-Turney  Radiator  Co.,  The, 

1174 
Westinghouse  Electric  Corp.,  Box 

868,  Pittsburgh,  1204-1209 


COILS,  Stainless  Steel 

Arthur  Harris  &  Co.,  1241 
McQuay,  Inc.,  1112-1113 
Niagara  Blower  Co.,  1070 
Trane  Co.,  The,  1122-1123 


COMPRESSOR  TUBING,  Flex- 
ible (See  Tubing,  Flexible  Metallic') 


COMPRESSORS,  Air 

Curtis  Refrigerating  Machine  Dir. 

of  Curtis  Mfg.  Co.,  1178 
Ingersoll-Rand,  1342 
Joy  Mfg.  Co.,  1194-1195 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Nash  Engineering  Co.,  1340-1341 
Worthington  Pump  and  Machinery 

Corp.,  1074-1075 


COMPRESSORS,  Refrigeration 

Airtemp  Div.,  Chrysler  Corp,  1084- 

1085 

Carrier  Corp.,  1064-1065 
Curtis  Refrigerating  Machine  Dir. 

of  Curtis  Mfg.  Co.,  1178 
Frick  Co.,  1179 


COILS,  Tank 

Bell  &  Grossett  Co.,  1332-1333 
Taco  Heaters,  Inc.,  1336 
Western  Blower  Co.,  1203 

COLLECTORS,  Fly  Ash 

Fly  Ash  Arrestor  Corp.,  The,  1293 
Power  Div.,  Prat-Daniel  Corp.,  1120 

COMBUSTION  CHAMBERS 

National  Radiator  Co.,  The,  1282- 
1283 

COMPOUNDS,  Boiler 

Vinco  Co.,  Inc.,  The,  1326-1327 
Grant  Wilson,  Inc.,  1382 

COMPOUNDS,  Boiler  and  Radi- 
ator Sealing 

Vinco  Co.  Inc.,  THe,  1326-1327 
Grant  Wilson,  Inc.,  1382 

COMPOUNDS,   Soot  Destroyer 

Vinco  Co.,  Inc.,  The,  1326-1327 
Grant  Wilson,  Inc.,  1382 

COMPRESSOR    MOTORS    (See 
Motors,  Electric) 


Ingersoll-Rand,  1342 

Mills  Industries,  Inc.,  1181 

Servel,  Inc.,  1183 

Trane  Co.,  The,  1122-1123 

Westinghouse  Electric  Corp.,  Stur- 

tevant  Div,,  1204-1209 
Worthington  Pump    &  Machinery 

Corp.,  1074-1075 
York  Corp.,  1077 


CONCRETE  INSERTS 
(See  Inserts,  Concrete] 


CONDENSERS  and  EVAPORA- 
TORS 

Acme  Industries,  Inc.,  1166 
Baltimore  Aircoil  Co.  Inc.,  1177 
Bell  <fc  Gossett  Co.,  1332-1333 
Carrier  Corp.,  1064-1065 
Curtis  Refrigerating  Machine  Div. 

of  Curtis  Mfg.  Co.,  1178 
Farrar  &  Trefts,  Inc.,  1299 
Foster  Wheeler  Corp.,  1158 
Frick  Co.,  1179 
G  &  0  Mfg.  Co.,  The,  1171 
General  Electric  Co.,  (Bloomfield, 

N.  J,),  1068-1069 
Arthur  Harris  &  Co.,  1241 
Kennard  Corp.,  1110 
Mario  Coil  Co.,  1180 
McQuay,  Inc.,  1112-1113 
National  Radiator  Co.,  The,  1282- 

1283 

Niagara  Blower  Co.,  1070 
Patterson-Kelley  Co.,  The,  1167 
Refrigeration  Economics  Co.,  Inc., 

1121 
Rome-Turney  Radiator  Co.,  The, 

1174 

Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp..  1073 
Westinghouse  Electric  Corp.,  Sttur- 

tevant  Div.,  1204-1209 
Worthington  Pump    &  Machinery 

Corp.,1074-1075 
Young  Radiator  Co.,  1127 


CONDUIT,  Refrigeration  (See 
Hose,  Flexible  Metal,  and  Liquid, 
Gas,  Vapor) 


CONDUITS,  Underground  Fit- 
tings 

H.  W.  Porter  &  Co.,  Inc.,  1384 
Ric-wiL  Co.,  The,  1385 


Numerals  following  Manufacturers'  Names  refer  to  pages  in  the  Catalog  Data  Section 
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CONDUITS,  Underground  Pipe    Simplex  Mfg.  Co.,  1267 


CONTROL,  Air  Volume  Damper 

Air  Devices,  Inc.,  1132,  1215 
American  Foundry  &  Furnace  Co., 

1078-1079 
Anemostat  Corp.  of  America,  1216- 

1217 
W.  B.  Connor  Engineering  Corp., 

1140-1143,  1220-1221 
Johnson  Service  Co.,  1258-1259 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Powers  Regulator  Co.,  The,  1265 
Young  Regulator  Co.,  1236 


CONTROL,  Boiler  Water  Level 

Combustion  Control  Corp.,  1246 
McDonnell  &  Miller,  Inc.,  1328-1331 
Mercoid  Corp.,  The,  1257 
Penn  Electric  Switch  Co.,  1263 
Sarco  Co.,  Inc.,  1368-1369 
Warren  Webster  &  Co.,  1372-1375 


CONTROL  EQUIPMENT,  Com- 
bustion 

Combustion  Control  Corp.,  1246 
Detroit  Lubricator    Co.,    Div.    of 

American  Radiator    &  Standard 

Sanitary  Corp.,  1248-1249 
General  Controls,  1252-1253 
Illinois  Engineering  Co.,  1362-1363 
Mercoid  Corp.,  The,  1257 
Minneapolis- Honey  well     Regulator 

Co.,  1260-1261 
Pacific   Steel   Boiler   Div.,    U.   S. 

Radiator  Corp.,  1289 
Penn  Electric  Switch  Co.,  1263 
Perfex  Corporation,  1264 
Simplex  Mfg.  Co.,  1267 
United     States     Radiator     Corp., 

1290-1291 

Webster  Engineering  Co.,  The,  1311 
L.  J.  Wing  Mfg.  Co.,  1124-1126 


CONTROL  EQUIPMENT,  Time 

General  Controls,  1252-1253 
General  Electric  Co.,  (Schenectady, 

N.  Y.),  1210-1211 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Photoswitch,     Inc.,     (Affiliate     of 

Combustion  Control  Corp.),  1246 


CONTROLLERS     AND     CON- 
TROL  EQUIPMENT   (See  Hu- 
midity and   Temperature  Control) 
Alco  Valve  Co.,  1245 
American  Moistening  Co.,  1163 
C.  A.  Dunham  Co.,  1350-1354 
Fulton  Sylphori  Div.,  The,  Robert- 
shaw»Fulton  Controls  Co.,  1250- 
1251 

General  Controls,  1252-1253 
Hoffman  Specialty  Co.,  1356-1359 
Hubbell  Corp.,  1255 
Illinois  Engineering  Co.,  1362-1363 
Johnson  Service  Co.,  1258-1259 
Marsh    Heating    Equipment    Co., 
Sales  Affiliate  of  Jas.  P.  Marsh 
Corp.,  1361 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Parks-Cramer  Co.,  1071 
Perfex  Corporation,  1264 
Powers  Regulator  Co,,  The,  1265 
Sarcotherm  Controls,  Inc.,  1370 


CONVECTION  HEATERS 
C.  A.  Dunham  Co.,  1350-1354 
Kritzer  Radiant  Coils,  Inc  ,  1172 
Modine  Mfg.  Co.,  1114-1115 
Kittling  Corp.,  The,  1173 
Rome-Turney  Radiator  Co.,   The, 

1174 

Shaw-Perkins  Mfg.  Co.,  1175 
Trane  Co.,  The,  1122-1123 
Warren  Webster  &  Co.,  1372-1375 
Young  Radiator  Co.,  1127 

CONVECTORS  &  CONVEC- 
TOR  ENCLOSURES 

Airtherm  Mfg.  Co.,  1093 

American    Radiator     &    Standard 

Sanitary  Corp.,  1272-1275 
Crane  Co.,  1278-1279 

C.  A.  Dunham  Co.,  1350-1354 
Fedders-Quigan  Corp.,  1105 
G  &  0  Mfg.  Co.,  The,  1171 
Kritzer  Radiant  Coils,  Inc.,  1172 
Modine  Mfg.  Co.,  1114-1115 
National  Radiator  Co.,  1282-1283 
John  J.  Nesbitt,  Inc.,  1117 

Pacific  Steel  Boiler  Div.,  U.  S.  Rad- 
iator Corp.,  1289 

Kittling  Corp.,  The,  1173 

Rome-Turney  Radiator  Co.,  The, 
1174 

Shaw-Perkins  Mfg.  Co.,  1175 

Standard  Stamping  &  Perforating 
Co.,  1230 

Trane  Co.,  The,  1122-1123 

Tuttle  &  Bailey,  Inc.,  1232-1233 

United  States  Radiator  Corp.,  1290- 
1291 

Warren  Webster  &  Co.,  1372-1375 

Young  Radiator  Co.,  1127 

COOLING  EQUIPMENT,  Air 

Aerofin  Corp.,  1168-1170 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

American  Blower  Corp.,  1060-1061 
Bell  &  Gossett  Co.,  1332-1333 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Carrier  Corp.,  1064-1065 
DeBothezat  Fans  Div.,  American 

Machine  &  Metals,  Inc.,  1190 
Farr  Co.,  1146 

Fedders-Quigan  Corp.,  1105 
General  Electric  Co.,  (Bloomfield, 

N.  J.),  1068-1069 
Joy  Mfg.  Co.,  1194-1195 
Kennard  Corp.,  1110 
McQuay,  Inc.,  1112-1113 
Meyer  Furnace  Co.,  The,  1086-1087 
L.  J.  Mueller  Furnace  Co.,  1088-1089 

D.  J.  Murray  Mfg.  Co.,  1116 
Niagara  Blower  Co.,  1070 
Patterson-Kelley  Co.,  The,  1167 
Refrigeration  Economics  Co.,  Inc.. 

1121 

Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 

Utility  Applianc©  Corp.,  1092 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Worthington  Pump    &  Machinery 

Corp.,  1074-1075 
York  Corp.,  1077 
Young  Radiator  Co.,  1127 

COOLING  EQUIPMENT,  Oil 

Aerofin  Corp.,  1168-1170 
Bell  <fe  Gossett  Co.,  1332-1333 


Mario  Coll  Co.,  1180 
Marley  Co.  Inc.,  The,  1160 
Niagara  Blower  Co.,  1070 
Patterson-Kelley  Co.,  The,  1167 
Refrigeration  Economics  Co.,  Inc., 

1121 

Trane  Co.,  The,  1122-1123 
Young  Radiator  Co.,  1127 


COOLING  EQUIPMENT,  Water 

(See  also  Water  Cooling] 
Acme  Industries,  Inc.,  1166 
Aerofin  Corp.,  1168-1170 
Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

Bell  &  Gosset  Co.,  1332-1333 
Binka  Mfg.  Co.,  1156-1157 
Carrier  Corp.,  1064-1065 
DeBothezat  Fans   Div.,  American 

Machine  &  Metals,  Inc.,  1190 
Foster  Wheeler  Corp.,  1158 
Frick  Co.,  Inc.,  1179 
Hastings  Air  Conditioning  Co.,  Inc., 

1067 

Jaden  Mfg.  Co.,  1109 
Kennard  Corp.,  1110 
Lilie-IIoffmann  Cooling  Towers, 

Inc.,  1150 

Mariey  Co.  Inc.,  The,  11(50 
Mario  Coil  Co.,  1180 
McQuay,  Inc.,  1112-1113 
Modine  Mf#,  Co.,  1114-1115 
John  J.  Nesbitt,  Inc.,  1117 
Niagara  Blower  Co.,  1070 
Patterson-Kelley  Co.,  The,  1107 
J.  F.  Pritchard  &  Co.,  llfU 
Refrigeration  Economics  Co.,  Inc., 

1121 

Trane  Co.,  The,  1122-1123 
United     States    Air    Conditioning 

Corp.,  1073 

Water  Cooling  Equipment  Co.,  1162 
Westinghouse  Klectno  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Yarnall-Warin*  Co.,  1370 
York  Corp.,  1077 
Young  Radiator  Co.,  1127 

COOLING  TOWER  FANS 

DeBothezat  Fans  Div.,  American 
Machine  &  MetalH,  Inc.,  1190 

LUie-Hoffman  Cooling  Towers,  Inc., 
1159 

Joy  Mf*.  Co.,  1194-1195 

Marley  Co.,  Inc.,  The,  1100 

J,  F.  Pritchard  &  Co.,  1161 

Westinghoufle  Electric  Corp.,  Stur- 
tevant  Div.,  1204-1209 

L.  J.  Wing  Mfg.  Co,,  1124-1120 


COOLING  TOWERS,  Atmos- 
pheric, Mechanical  Draft, 
Forced  Draft,  Induced  Draft 

(See    also     Cooling    Equipment. 

Water) 

Acme  Industries,  Inc,»  H60 
Air  <fc  Refrigeration  Corp,,  1050 
Airtemp  Div,,  Chrysler  Corp.,  1084- 

1085 

Baltimore  Aircoil  Co,,  Inc.,  1177 
BintoMfg.  Co.,  1150-1157 
Curtis  Refrigerating  Machine  Div. 

of  Curtis  Mfg.  Co.,  1178 
Foster  Wheeler  Corp,,  1168 
Kennard  Corp.,  1110 
LHie-  Hoffmann    Cooling    Towerg, 

Inc.,  1159 

Marley  Co,,  Inc.,  The,  1160 
Mario  Coil  Co.,  1180 
J.  F.  Pritchard  &  Co.,  1161 
Refrigeration     Engineering,     Inc., 

1182 

Trane  Co.,  The,  1122-1123 
Vulcan  Radiator  Co.,  The,  1170 
Water  Cooling  Equipment  Co,,  1102 
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CORK  PRODUCTS 

(See  Insulation] 
Mundet  Cork  Corp.,  1392 

CORROSION,  Treatment  of 

Durant  Insulated  Pipe  Co.,  1383 
H.  W.  Porter  &  Co.,  Inc.,  1384 
Ric-wiL  Co.,  The,  1385 
Vinco  Co.,  Inc.,  The,  1326-1327 

COUPLINGS,  Flexible 
Grant  Wilson,  Inc.,  1382 

COVERING,  Pipe  and  Surface 

Armstrong  Cork  Co.,  1391 

Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 

Durant  Insulated  Pipe  Co.,  1383 
Eagle-Picher  Co.,  The,  1394 
Infra  Insulation,  Inc.,  1407 
Johns-Manville,  1398-1399 
Kimberly  Clark  Corp.,  1400-1401 
Mundet  Cork  Corp.,  1392 
Owens-Corning     Fiberglas     Corp., 

1148-1149 

Owens-Illinois  Glass  Co.,  1403 
Pittsburgh  Corning  Corp.,  1388-1389 
H.  W.  Porter  &  Co.,  Inc.,  1384 
E,eflectal  Corp.,  1408 
Ric-wiL  Co.,  The,  1385 
Grant  Wilson,  Inc.,  1382 


Bahnson  Co.,  The,  1062-1063 

W.  B.  Connor  Engineering  Corp., 

1140-1143,  1220-1221 
Fly  Ash  Arrester  Corp.,  The,  1293 
Johnson  Service  Co.,  1258-1259 
Minneapolis-Honeywell     Regulator 

Co  ,  1260-1261 

Powers  Regulator  Co.,  The,  1265 
Titus  Mfg.  Corp.,  1234 
Tuttle  &  Bailey,  Inc.,  1232-1233 
United  States  Register  Co.,  1235 
Young  Regulator  Co.,  1236 


CUT-OFFS,  Low  Water 

General  Controls,  1252-1253 
McDonnell  &  Miller,  Inc.,  1328-1331 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Warren  Webster  &  Co.,  1372-1375 


DAMPERS,     Back    Draft     (See 
Dampers,  Air  Volume  Control') 


DAMPERS,  Flue 

Simplex  Mfg.  Co.,  1267 


DAMPERS,  Mechanical 

Johnson  Service  Co.,  1258-1259 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Powers  Regulator  Co.,  The,  1265 
Young  Regulator  Co.,  1236 


DAMPER  REGULATOR  SETS 

American    Radiator    &    Standard 

Sanitary  Corp.,  1272-1275 
Minneapolis -Honey  well     Regulator 

Co.,  1260-1261 
Perfex  Corporation,  1264 
Tuttle  &  Bailey,  Inc.,  1232-1233 
Young  Regulator  Co.,  1236 

DAMPER  REGULATORS, 

Boiler  (See  Regulators) 
Detroit    Lubricator   Co.,    Div.    of 

American  Radiator   &  Standard 

Sanitary  Corp.,  1248-1249 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Simplex  Mfg.  Co.,  1267 
Spence  Engineering  Co.,  Inc.,  1268 
Trane  Co.,  The,  1122-1123 

DAMPER  REGULATORS,  Fur- 
nace 

Fulton  Sylphon  Div.,  The,  Robert- 
shaw-Fulton  Controls  Co.,  1250- 
1251. 

General  Controls,  1252-1253 

Minneapolis-Honeywell  Regulator 
Co.,  1260-1261 

Simplex  Mfg.  Co.,  1287 

United  States  Register  Co.,  1235 

Young  Regulator  Co.,  1236 


DAMPERS,  Air  Volume  Control 

Air  Devices,  Inc.,  1132-1215 
Aladdin  Heating  Corp.,  1184 
American  Foundry  &  Furnace  Co., 

1078-1079 
Anemostat  Corp.  of  America,  1216- 

1217 


DEFLECTION  GRILLE  (See 
Grilles,  Registers  and  Ornamental 
Metal  Work,  also  Louvers,  Registers) 

Hendrick  Mfg.  Co.,  1224-1225 

Titus  Mfg.  Corp.,  1234 


DEHUMIDIFIERS 

Air  &  Refrigeration  Corp.,  1059 
American  Blower  Corp.,  1060-1061 
Bayley  Blower  Co.,  1186 
Bryant  Heater  Div.,  1081 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Carrier  Corp.,  1064-1065 
Clarage  Fan  Co.,  1066 
New  York  Blower  Co.,  The,  1198 
Niagara  Blower  Co.,  1070 
Pittsburgh  Lectrodryer  Corp.,  1072 
J.  F.  Pritchard  &  Co.,  1161 
Refrigeration     Engineering,     Inc., 

1182 

Trane  Co.,  The,  1122-1123 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
York  Corp.,  1077 


DEHYDRATORS,  Refrigerant 

Henry  Valve  Co.,  1254 


DESTROYERS,   Soot    (See  Soot 
Destroyers) 


DIFFUSERS,  Air  (See  Air  Dif- 
fusers,  and  Ventilators,  Floor  and 
Wall) 


DISCS,  Removable  Composition 

Jenkins  Bros.,  1378 


DISTRICT  HEATING  (See  Cm- 
rosion,  Treatment  of—Expansion 
Joints— Insulation,  Underground 
— Meters,  Pipe) 


DRAFT  APPARATUS  (See  Blow- 
ers, Forced  Draft) 

DRAFT  CONTROL,  Barometric 
Perfex  Corporation,  1264 
Simplex  Mfg.  Co.,  1267 
Webster  Engineering  Co.,  1311 

DRYING  EQUIPMENT 
Air  Devices,  Inc.,  1132,  1215 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Campbell  Heating  Co.,   1082-1083. 
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Dravo  Corp.,  1096-1097 
Electromode  Corp.,  1104 
Modine  Mfg.  Co.,  1114-1115 
National  Heater  Co.,  1100-1101 
Niagara  Blower  Co.,  1070 
J.  F.  Pritchard  &  Co.,  1161 
Trane  Co.,  The,  1122-1123 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 

DUCT  INSULATION  (See  Insu- 
lation, Ducts,  Ventilating,  Air 
Conditioning) 

DUCTS,  Aluminum 

Kaiser  Aluminum  &  Chemical  Sales, 
Inc.,  1379 

DUCTS,  Prefabricated 

Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 

L.  J.  Mueller  Furnace  Co.,  1088-1089 
United  States  Register  Co.,  1235 

DUST  COLLECTING  EQUIP- 
MENT 

American  Air  Filter  Co.,  Inc.,  1136- 

1138 

American  Blower  Corp,,  1060-1061 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
General  Blower  Co.,  1191 
Etablissements  Neu,  1226 
Power    Div.,    Prat-Daniel    Corn., 

1120 

Trion,  Inc.,  1151 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Wilson  &  Co.,  Inc.,  1155 

DUST  COLLECTORS,  Cloth 
Type 

American  Air  Filter  Co.,  Inc.,  1136- 
1138 

EJECTORS,  Sewage 

Chicago  Pump  Co.,  1338 
Worthington  Pump    &  Machinery 
Corp.,  1074-1075 

ELECTROSTATIC    AIR 
CLEANERS 

Air-Maze  Corp..  1134-1135 
American  Air  Filter  Co.,  Inc.,  1136- 

1138 

Raytheon  Mfg.  Co.,  1147 
Wilson  &  Co.,  Inc.,  1155 
Trion,  Inc.,  1151 
Westinghouse  Electric  Corp,,  Stur- 

tevant  Div.,  1204-1209 

EVAPORATIVE  CONDENSERS 
(See  Condensers  and  Emporators) 


DISTRICT    HEATING,    High-    EVAPORATORS 

temperature  Fluid  Systems          American  Blower  Corp.,  1060-1061 
Durant  Insulated  Pipe  Co.,  1383         Bell  &  Goasett  Co.,  1332-1333 


Numerals  following  Manufacturers'  Names  refer  to  pages  in  the  Catalog  Data  Section 
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Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Farrar  &  Trefts,  Inc.,  1299 
Foster  Wheeler  Corp.,  1158 
Arthur  Harris  &  Co.,  1241 
Refrigeration  Engineering,  Inc.,  11W 
Rome-Turney  Radiator  Co.,  The, 

TnS  Co.,  The,  1122-1123 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div  ,  1204-1209 
Young  Radiator  Co.,  1127 

EXHAUST   HEADS   (See  Heads, 
Exhaust) 

EXHAUST    TUBING,    Flexible 
(See  Tubing,  Flexible,  Metallic} 

EXHAUSTERS 

Air  Devices,  Inc.,  1132, 1215 

American  Blower  Corp.,  1060-1061 

G.  C.  Breidert  Co.,  1213 

Buffalo  Forge  Co.,  1188 

Buffalo  Pumps,  Inc.,  1337 

Clarage  Fan  Co.,  1066 

General  Blower  Co.,  1191 

Ilg  Electric  Ventilating    Co.,  1108, 

1193 

Joy  Mfg.  Co.,  1194-1195 
John  J.  Nesbitt,  Inc.,  1117 
New  York  Blower  Co.,  The,  1198 
Swartwout  Co.,  The,  1214 
Trade-Wind  Motorfans,  Inc.,  1202 
Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
L.  J.  Wing  Mfg.  Co.,  1124-1126 

EXPANSION  JOINTS 

Badger  Mfg.  Co.,  1239 

Chicago   Metal   Hose  Corp.,   1130, 

1240 

Foster  Wheeler  Corp.,  1158 
Fulton  Sylphon  Div.,  The,  Robert- 

shaw-Fulton  Controls  Co.,  1250- 

1251 

Arthur  Harris  &  Co.,  1241 
Illinois  Engineering  Co.,  1362-1363 
H.  W.  Porter  Co.,  1384 
Warren-Webster  &  Co,,  1372-1375 
Yarnall-Waring  Co.,  1376 

EXPANSION  LOOPS 

Ric-wiL  Co.,  The,  1385 

EXPOSITIONS 

International  Exposition  Co.,  1343 

FAN  BLADES 

Torrington  Mfg.  Co.,  The,  1200-1201 

FAN  MOTORS  (See  Motors,  Elec- 
tric') 

FAN  STACKS 

Power  Div.,  Prat-Daniels  Corp.,  1120 

FANS,  Attic 

American  Blower  Corp.,  1060-1061 
American  Coolair  Corp.,  1185 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 
Chelsea  Fan  &  Blower  Co..  Inc., 

1189 
DeBothezat  Fans  Div.,  American 

Machine  &  Metals,  Inc.,  1190 


Eagle-Picher  Co.,  The,  1394 

General  Blower  Co.,  1191 

Hunter   Fan    &    Ventilating    Co., 

Inc.,  1192 
Ilg  Electric  Ventilating  Co.,  Inc., 

1108, 1193 

Lau  Blower  Co.,  The,  1196 
Propellair  Div.,  Robbina  &  Myers, 

Inc.,  1199 

Torrington  Mfg.  Co.,  The,  1200-1201 
Trade- Wind  Motorfans,  Inc.,  1202 
United  States  Air  Conditioning 

Corp.,  1073 
L.  J.  Wing  Mfg.  Co.,  1124-1126 

FANS,  Axial  Flow 

Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
DeBothezat  Fans  Div.,  American 

Machine  &  Metals,  Inc.,  1190 
Hunter  Fan  &  Ventilating  Co.,  1192 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Joy  Mfg.  Co.,  1194-1195 
Etablissements  Neu,  1226 
New  York  Blower  Co.,  The,  1198 
Propellair  Div.,  Robbins  &  Myers, 

Inc.,  1199 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
L.  J.  Wing  Mfg.  Co.,  1124-1126 

FANS,  Centrifugal 
Aladdin  Heating  Corp.,  1184 
American  Blower  Corp.,  1060-lOg 
American  Coolair  Corp..  1185 
American  Foundry  &  Furnace  Co., 

1078-1079 

Bayley 'Blower  Co.,  1186 
Bishop  &  Babcock  Mfg.  Co.,  The 

(Massachusetts  Blower  Div.),  1187 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Campbell  Heating  Co.,  1082-1083, 

1094 

E.  K.  Campbell  Co.,  1095 
Clarage  Fan  Co.,  1066 
Fly  Ash  Arrester  Corp.,  The,  1293 
General  Bbwer  Co.,  1191 
Hastings  Air  Conditioning  Co.,  Inc., 

1067 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Morrison  Products,  Inc.,  1197 
L.  J.  Mueller  Furnace  Co.,  1088- 

1089 
Herman  Nelson  Corp.,  The,  1118- 

1119 

Etablissements  Neu,  1226 
New  York  Blower  Co.,  The,  1198 
Niagara  Blower  Co.,  1070 
Torrington  Mfg.  Co.,  The,  1200-1201 
Trade-Wind  Motorfans,  Inc.,  1202 
Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 

Western  Blower  Co.,  1203 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
L.  J.  Wing  Mfg,  Co.,  1124-1126 


FANS,  Electric 

American  Coolair  Corp.,  1185 
Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 
Chelsea  Fan  &  Blower  Co.,  Inc., 

1189 

General  Blower  Co.,  1191 
General  Electric  Co.,  (Schenectady, 

N.  Y.),  1210-1211  f 
Hunter  Fan  &  Ventilating  Co.,  Inc., 

1192 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 
Etablissements  Neu,  1226 


Propellair  Div.,  Robbins  &  Myers, 

Inc.,  1199 
Torrington    Mfg.    Co.,   The,    1200- 

1201 

Trade-Wind  Motorfans,  Inc.,  1202 
L.  J.  Wing  Mfg.  Co.,  1124-1126 


FANS,  Furnace 
Aladdin  Heating  Corp.,  1184 
American  Blower  Corp.,  1060-1061 
American  Foundry  &  Furnace  Co., 

1078-1079 
Bishop  &  Babcock  Mfg.  Co.,  The 

(Massachusetts  Blower  Div.),  1187 
Clarage  Fan  Co.,  1066 
DeBothezat  Fans   Div.,   American 

Machine  &  Metals,  Inc.,  1190 
Joy  Mfg.  Co.,  1194-1195 
Meyer  Furnace  Co.,  The,  1086-1087 
Morrison  Products,  Inc.,  1197 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
United    States    Air    Conditioning 

Corp.,  1073 
L.  J,  Wing  Mfg.  Co.,  1124-1126 


FANS,  INDUCED  DRAFT 
American  Blower  Corp.,  1060-1061 
Buffalo  Forge  Co.,  1188 
Power  Div.,  Prat- Daniels  Corp.,  1120 
L.  J.  Wing  Mfo  Co.,  1124-1120 


FANS,  Portable 

Bayley  Blower  Co.,  1186 

Chelsea  Fan   &  Blower  Co.,  Inc., 

1189 

General  Blower  Co.,  1191 
General  Electric  Co.,  (Schenectady, 

N.  Y.),  1210-1211 
Hunter   Fan    &    Ventilating   Co., 

Inc.,  1192 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Lau  Blower  Co.,  The,  1196 
Herman  Nelson  Corp.,  1118-1119 
Propellair  Div.,  Robbins  &  Myers 

Inc.,  1199 

Torrington  Mfg.  Co.,  The,  1200-1201 
L.  J.  Wing  Mfg.  Co.,  1124-1128 


FANS,  Propeller 

American  Bloxvftr  Corp.,  1000-1061 
American  Ceolair  Corp.,  1185 
Bishop  &  Babcock  Mfg.  Co.,  The 

(Massachusetts  Blower  Div.),  1187 
Buffalo  Forge  Co.,  1188 
Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 
Chelsea  Fan  &  Blower  Co.,  Inc., 

1189 
DeBothezat  Fans  Div.,  American 

Machine  &  Metals,  Inc.,  1100 
General  Blower  Co.?  1191 
Hunter  Fan  &  Ventilating  Co.,  Inc., 

1192 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Lau  Blower  Co.,  The,  1198 
Herman  Nelson  Corp.,  The,  1118- 

1119 

Etablissements  Neu.  1220 
New  York  Blower  Ck,  The,  1198 
J.  F.  Pritchard  &  Co.,  1161 
Propellair  Div.,  Robbins  <&  Myers, 

Inc.,  1199 

Torrington  Mfg.  Co.,  The,  1200-1201 
Trade-Wind  Motorfans,  Inc.,  1202 
Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp,,  1073 

Western  Blower  Co.,  1203 
L.  J,  Wing  Mfg.  Co.,  U24-1126 
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FANS,  Supply  and  Exhaust 
Aladdin  Heating  Corp.,  1184 
American  Blower  Corp.,  1060-1061 
American  Coolair  Corp.,  1185 
American  Foundry  &  Furnace  Co., 

1078-1079 
Bayley  Blower  Co.,  1186 

Bishop  &  Babcock  Mfg.  Co.,  The 

(Massachusetts  Blower  Div.),  1187 
Buffalo  Forge  Co,,  1188 
Buffalo  Pumps,  Inc.,  1337 
Philip  Carey  Mfg.  Co.,  The,  1330- 

1381 
Chelsea  Fan   &  Blower  Co.,  Inc., 

1189 

Clarage  Fan  Co.,  1066 
DeBothezat  Fans   Div.,  American 

Machine  &  Metals,  Inc.,  1190 
General  Blower  Co.,  1191 
Hunter  Fan  &  Ventilating  Co.,  Inc., 

1192 
Hg  Electric  Ventilating:  Co,,  1108, 

1193 

Joy  Mfg.  Co.,  1194-1195 
Lau  Blower  Co.,  The,  1196 
Herman  Nelson  Corp.,  The,  1118- 

1119 

Etablissements  Neu,  1226 
New  York  Blower  Co.,  The,  1198 
Niagara  Blower  Co.,  1070 
Propellair  Div.,  Robbing  &  Myers, 

Inc.,  1199 

Trade-Wind  Motorfans,  Inc.,  1202 
Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
L.  J.  Wing  Mfg.  Co.,  1124, 1126 

FANS,  Ventilating  (See  Fans, 
Attic,  Axial  Flow,  Centrifugal, 
etc.") 

FEED  WATER  HEATERS  (See 
Heaters,  Feed  Water) 

FEED   WATER   REGULATORS 

(See  Regulators,  Feed  Water) 

FEEDERS,  Boiler  Water 
Cyclotherm  Corp.,  1297 
McDonnell  &  Miller.  Inc.,  1328-1331 
Warren  Webster  &  Co.,  1372-1375 

FELT,  Insulating,  (See  Insulation 
Felt) 

FELT,  Sound  Deadening 

Armstrong  Cork  Co.,  1391 

Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 

Johns-Manville,  1398-1399 
Kimberly-Clark  Corp.,  1400-1401 
Owens-Corning     Fiberglas     Corp., 

1148-1149 

Grant  Wilson,  Inc.,  1382 
Wood  Conversion  Co.,  1405 

FIBER  INSULATION  (See  In- 
sulation) 

FILTERS,  Air  (See  Air  Cleaning 

Equipment) 

Air  &  Refrigeration  Corp.,  1059 
Air  Devices,  Inc.,  1132,  1215 
Air  Filter  Corp.,  1133 
Air-Maze  Corp.,  The,  1134-1135 
American  Air  Filter  Co.,  Inc.,  1136- 

1138 

American  Moistening  Co.,  1163 
Continental  Air  Filters,  Inc.,  1139 
Dollinger  Corp.,  1144-1146 


Fair  Co.,  1146 
Etablissements  Neu,  1226 
Owens-Corning     Fiberglas     Corp., 

1148-1149 

J.  F.  Pritchard  &  Co.,  1161 
Raytheon  Mfg.  Co.,  1147 
Research  Products  Corp.,  1150 
H.  J.  Somers,  Inc.,  1152-1153 
Trion,  Inc.,  1151 
Vortox  Co.,  1154 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Wilson  &  Co.,  Inc.,  1155 

FILTERS,     AIR,     Continuous, 
Automatic 

American  Air  Filter  Co.,  Inc.,  1136- 

1138 

Continental  Air  Filters,  Inc.,  1139 
DoUinger  Corp.,  1144-1145 

FILTERS,  Grease 

Air  Devices,  Inc.,  1132,  1215 
Air-Maze  Corp.,  1134-1135 
American  Air  Filter  Co.,  Inc.,  1136- 

1138 

Continental  Air  Filters,  Inc.,  1139 
Dollinger  Corp.,  1144-1145 
Farr  Co.,  1146 
Research  Products  Corp.,  1150 

FILTERS,  Liquid 

Air-Maze  Corp.,  The,  1134-1135 

Dollinger  Corp.,  1144-1145 

FILTERS,  Odors 
W.  B.  Connor  Engineering  Corp., 
1140-1143,  1220-1221 

FIREBRICK,  Insulating 

Armstrong  Cork  Co.,  1391 
Babcock  &  Wilcox  Co.,  The,  1294 
Johns-Manville,  1398-1399 

FITTINGS,    ALLOY   AND 
STAINLESS,  Non-Ferrous 

Ladish  Co.,  1242 

FITTINGS,  Flared 

Grinnell  Co.,  Inc.,  1106-1107 

FITTINGS,  Hot  Water  Heating 
Systems 

Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,  1361   • 
Pacific   Steel  Boiler   Div.,    U.   S. 

Radiator  Corp.,  1289 
Taco  Heaters,  Inc.,  1336 
H.  A.  Thrush  &  Co.,  1334-1335 
Trane  Co.,  The  1122-1123 
United  States  Radiator  Corp.,  1290- 

1291 

FITTINGS,  Jacketed  Steam  and 
Oil 

Parks-Cramer  Co.,  1071 

FITTINGS,  Pipe,  Acid  Resisting 

Ladish  Co.,  1242 

Taylor  Forge  &  Pipe  Works,  Inc., 
1243 

FITTINGS,  Pipe,  Flanged 

Grinnell  Co.,  Inc.,  1106-1107 

Henry  Valve  Co.,  1254 

Taylor  Forge  &  Pipe  Works,  Inc., 

1243 
York  Corp.,  1077 


FITTINGS,  Pipe,  Galvanized 
Taylor  Forge  &  Pipe  Works,  lac., 
1243 

FITTINGS,  Pipe,  Screwed 
Grinnell  Co.,  Inc.,  1106-1107 
Henry  Valve  Co.,  1254 
Ladish  Co.,  1242 

FITTINGS,  Pipe,  Solder 
American  Brass  Co.,  The,  1128-1129 

FITTINGS,  Pipe,  Steel 

Henry  Valve  Co.,  1254 

Ladish  Co.,  1242 

Taylor  Forge  &  Pipe  Works,  Inc., 

1243 
Tube  Turns,  Inc.,  1244 

FITTINGS,    Pipe    forl  Under- 
ground Conduit 

H.  W.  Porter  &  Co.,  Inc.,  1384 
Ric-wiL  Co.,  The,  1385 

FITTINGS,  Pipe,  Welded 

Taylor  Forge  &  Pipe  Works,  lac.. 

1243 
Tube  Turns,  Inc.,  1244 

FITTINGS,  Welding 

Grinnell  Co.,  Inc.,  1106-1107 

Ladish  Co.,  1242 

Taylor  Forge  &  Pipe  Works,  lac., 

1243 
Tube  Turns,  Inc.,  1244 

FLANGES,  Galvanized  or  Non- 
Ferrous 

Simplex  Mfg.  Co.,  1267 

FLANGES,  Lead,  Roof 
Bagle-Picher  Co.,  The,  1394 
Simplex  Mfg.  Co.,  1267 

FLANGES,  Pipe,  Blind 
Ladish  Co.,  1242 

Taylor  Forge  &  Pipe  Works,  lac., 
1243 

FLANGES,  Pipe,  Reducing 

Ladish  Co.,  1242 

Taylor  Forge  &  Pipe  Works,  Inc.. 

1243 
Tube  Turns,  Inc.,  1244 

FLANGES,  Pipe,  Steel 

Ladish  Co.,  1242 

Taylor  Forge  &  Pipe  Works.  lac., 

1243 
Tube  Turns,  Inc.,  1244 

FLANGES,  Welding 

Ladish  Co.,  1242 

Taylor  Forge  &  Pipe  Works,  Inc., 

1243 
Tube  Turns,  Inc.,  1244 

FLOATS,    Ferrous    and    Non- 
ferrous  (Seamless) 
Arthur  Harris  &  Co.,  1241 

FLOOR  PLATES 

Carnegie-Illinois  Steel  Co.,  1238 
Pacific   Steel   Boiler   Div.,   XT.    S, 

Radiator  Corp.,  1289 
United  States  Radiator  Corp.,  1200- 

1291 
United   States   Steel   Corp.,    Sub. 

1238 
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FLUE  GAS  ANALYSIS 
Minneapolis-Honeywell     Regulator 
Co.,  1260-1261 

FOOD  SAVERS 

W.  B.  Connor  Engineering  Corp., 
1140-1143,  1220-1221 


FORCED-AIR  DUCTS  and  FIT- 
TINGS (See  Ducts;  Fittings) 


FORCED  DRAFT  COOLING 
TOWERS  (See  Cooling  Towers, 
Induced  Draft,  Mechanical  Draft) 

Acme  Industries,  Inc.,  1166 

Air  &  Refrigeration  Corp.,  1059 

Binks  Mfg.  Co.,  1156-1157 

Foster  Wheeler  Corp.,  1158 

Kennard  Corp.,  1110 

Lilie-Hoffmann  Cooling  Towers, 
Inc.,  1159 

Refrigeration  Engineering,  Inc.,  1182 

Trane  Co.,  The,  1122-1123 

Water-Cooling  Equipment  Co.,  1162 


FUEL  BURNING  EQUIPMENT, 
Automatic  (See  Burners,  Auto- 
matic; Gas  Burners;  Oil  Burners; 

Stokers)  ' 

FUEL  OIL,  Heating,  Pumping 
and  Straining  Units 

Ace  Engineering  Co.,  1312 

Detroit    Lubricator    Co.,    Div.    of 

American  Radiator   &   Standard 

Sanitary  Corp.,  1248-1249 
General  Automatic  Products  Corp., 

1280 

S.  T.  Johnson  Co.,  1316-1317 
Petroleum  Heat  &  Power  Co.,  1320- 

1321 
Ray  Oil  Burner  Co.,  1322-1323 

FURNACE  AND  BOILER 
CLEANERS,  Air 


FURNACE  PIPE 

American  Furnace  Co.,  10SO 
Mever  Furnace  Co.,  The,  1086-1087 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
United  States  Register  Co.,  1235 


FURNACES,  Electric 

Electromode  Corp.,  1104 
Westinghouse  Electric  Corp.,   Box 
868,  Pittsburgh,  1204-1209 

FURNACES,  Oil  Burning,  Floor 

Chicago  Steel  Furnace  Co.,  1098 
Dravo  Corp  ,  1096-1097 
H.  C.  Little  Burner  Co.,  1318 
National  Heater  Co.,  1100-1101 

FURNACES,  Wall 

H.  C.  Little  Burner  Co.,  1318 
Utility  Appliance  Corp.,  1092 


FURNACES,  Warm  Air,  Heavy 
Duty 

Air  Devices,  Inc.,  1132,  1215 
Airtherm  Mfg.  Co.,  1093 
Aladdin  Heating  Corp.,  1184 
American  Foundry  &  Furnace  Co., 

1078-1079 
E.  K.  Campbell  Co.,  1095 


Campbell  Heating  Co.,   1082-1083, 

1094 

Chicago  Steel  Furnace  Co.,  1098 
Dravo  Corp.,  1096-1097 
Lee  Engineering  Co.,  1099 
H.  C.  Little  Burner  Co.,  1318 
Meyer  Furnace  Co.,  The,  1086-1087 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
National  Heater  Co.,  1100-1101 
Arthur  A.  Olson  <fe  Co.,  1102 
Pacific    Steel    Boiler    Div.,    U.    S. 

Radiator  Corp.,  1289 
Ray  Oil  Burner  Co.,  1322-1323 
United  States  Radiator  Corp.,  1290- 

1291 
Waterman-Waterbury     Co.,     The, 

1090-1091 
Williams  Oil-0-Matic  Div.,  Eureka 

Williams  Corp.,  1325 

FURNACES,  Warm  Air,  Resi- 
dence 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

Aladdin  Heating  Corp.,  1184 
American  Foundry  &  Furnace  Co., 

1078-1079 

American  Furnace  Co.,  1080 
American    Radiator     <fc    Standard 

Sanitary  Corp.,  1272-1275. 
Bryant  Heater  Div.,  1081 
Campbell  Heating  Co.,   1082-1083, 

1094 

Chicago  Steel  Furnace  Co.,  1098 
Electromode  Corp.,  1104 
Fitzgibbons  Boiler  Co.,  Inc.,  1300- 

1301 
General  Electric  Co.    (Bloomfield, 

N.  J.),  1068-1069 

Hoffman  Specialty  Co.,  1356-1359 
S.  T.  Johnson  Co.,  1316-1317 
H.  C.  Little  Burner  Co.,  1318 
Mever  Furnace  Co.,  The,  1086-1087 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
Pacific    Steel   Boiler    Div.,    U.    S. 

Radiator  Corp.,  1289 
Petroleum  Heat  &  Power  Co.,  1320- 

1321 

Ray  Oil  Burner  Co.,  1322-1323 
United  States  Radiator  Corp.,  1290- 

1291 

Utility  Appliance  Corp.,  1092 
Waterman-Waterbury  Co.,  The, 

1090-1091 
Williams  Oil-0-Matic  Div.,  Eureka 

Williams  Corp.,  1325 

GAGES,  Altitude 

Electric  Auto-Lite  Co.,  The,  Instru- 
ment &  Gauge  Div.,  1247 

Pacific  Steel  Boiler  Div,,  U.  S. 
Radiator  Corp.,  1289 

United  States  Radiator  Corp.,  1290- 
1291 

GAGES,  Compound 

C.  A.  Dunham  Co.,  1350-1354 
Electric  Auto-Lite   Co.,   The,   In- 
strument &  Gauge  Div.,  1247 

GAGES,  Liquid  Level 

Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Rochester  Mfg.  Co.,  Inc.,  1266 
Taylor  Instrument  Cos.,  1270 
Yarnall-Waring  Co.,  1376 

GAGES,  Pressure 

C.  A.  Dunham  Co.,  1350-1354 
Electric  Auto-Lite  Co.,  The,  Instru- 
ment &  Gauge  Div    1247 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Perfex  Corporation,  1264 
Rochester  Mfg.  Co.,  Inc.,  1266 
Taylor  Instrument  Cos.,  1270 


GAGES,  Steam 
Dole  Valve  Co.,  The,  1377 
C.  A.  Dunham  Co.,  1350-1354 
Electric  Auto-Lite  Co.,  The,  Instru- 
ment &  Gauge  Div.,  1247 
Hoffman  Specialty  Co.,  1356-1359 
Minneapolis-Honeywell     Regulator 
Co.,  1260-1261 

GAGES,  Tank 

Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Rochester  Mfg.  Co.,  Inc.,  1266 

GAGES,  Vacuum 

Dole  Valve  Co.,  The,  1377 
C.  A.  Dunham  Co.,  1350-1354 
Electric  Auto-Lite  Co.,  The,  Instru- 
ment &  Gauge  Div.,  1247 
Minneapolis- Honey  well     Regulator 

Co.,  1260-1261 

Rochester  Mfg.  Co.,  Inc.,  1266 
Taylor  Instrument  Cos.,  1270 


GAGES,  Vapor 

a  A.  Dunham  Co.,  1350-1354 
Minneapolis- Honey  well     Regulator 
Co.,  1260-1261 

GAGES,  Water 

Owens-Corning     Fiberglas     Corp. 

1148-1149 
Yarnall-Waring  Co.,  1370 


GAS  BURNERS 

American  Furnacft  CY>,,  1080 
Babcock  &  Wilcox  Co.,  The,  1294 
Bryant  Heater  Div.,  1081 
Combustion  Equipment  Div.,  Todd 

Shipyards  Corp.,  1314 
Crane  Co.,  1278-1279 
General  Automatic  Products  Corp., 

1280 

Gold  Top  Heating  Inc.,  1309 
Hook  &  Aokftrman,  12S1 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
Pacific   Stool    BoiW    Div.,    U.    8. 

Radiator  Corp.,  12M 
Ray  Oil  Burner  Co,,  1322-1323 
Simplex  Oil  Heating  C-ori>.f  1324 
Sonncr  Burner  Co.,  1310 
United  StateH  Radiator  TJorp.,  1290- 

1291 

Utility  Appliance  Porp.,  1002 
Waterman-Waterbury     Co.,     The, 

1090-1001 

Webster  EnRinewmpj  Co.,  Thft,  1311 
Williams  Oil-0-Matic  Div.,  Eureka 

Williams  Corp.,  1325 


GAS     SAFETY     PILOTS     (See 


GASKETS,  Asbestos 

Grant  Wilson,  Inc.,  1382 

GASKETS,  Cork 

Armstrong  Cork  Co.  (Building  Ma- 
terials Div.),  1301 
Mundet  Cork  Corp.,  1302 


GLASS    (See    /n*«Ja«vw,    Double 
Glass) 


GLASS  BLOCK  ROOFLK5HTS 

(See  Skylights) 
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GLASS  BLOCKS 

American  Structural  Products  Co-, 

1386 
American  3  Way-Luxfer  Prism  Co., 

1387 
Pittsburgh  Corning  Corp.,  1388-1389 


GLASS,  Cellular 
Armstrong  Cork  Co.  (Building  Ma- 
terials Div.),  1391 
Pittsburgh  Corning  Corp.,  1388-1389 


GOVERNORS,  Pump 

McDonnel  &  Miller,  Inc.,  1328-1331 
Spence  Engineering  Co.,  Inc.,  1268 
Warren  Webster  &  Co.,  1372-1375 


GRATES  FOR  BOILERS 

Brownell  Co.,  The,  1295 


GRATES  FOR  BOILERS  AND 

FURNACES 

Combustion  Engineering-Super- 
heater, Inc.,  1296 

National  Radiator  Co.,  The,  1282- 
1283 

;    HEAT  RECLAIMERS 

GREASE  FILTERS   (See   Filters    C.  L.  Rayfield  Co.,  1319 
Grease} 


HEAT  EXCHANGERS 

Acme  Industries,  Inc.,  1166 

Aerofin  Corp.,  1168-1170 

Bell  &  Gossett  Co.,  1332-1333 

Brownell  Co.,  The,  1295 

Farrar  &  Trefts,  Inc.,  1299 

Prick  Co.,  Inc.,  1179 

Kennard  Corp.,  1110 

McQuay,  Inc.,  1112-1113 

National  Radiator  Co.,  The,  1282- 

1283 

John  J.  Nesbitt,  Inc.,  1117 
Niagara  Blower  Co.,  1070 
Patterson-Kelley  Co.,  The,  1167 
J.  F.  Pritchard  &  Co.,  1161 
Refrigeration  Economics  Co.,  1121 
Rome-Turney  Radiator  Co.,  The, 

1174 

Power  Div.,  Prat-Daniel  Corp.,  1120 
H.  A.  Thrush  &  Co.,  1334-1335 
Titusville   Iron   Works   Co.,   The, 

(Div.  of  Struthers-Wells  Corp.), 

1308 

Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 

Western  Blower  Co.,  1203 
Worthington   Pump    &  Machinery 

Corp.,  1074-1075 
Young  Radiator  Co.,  1127 


GRILLES,  REGISTERS  AND 
ORNAMENTAL  METAL 

WORK  (See  al^o  Louvers,  Reg- 
isters) 

American  Foundry  &  Furnace  Co., 
1078-1079 

Auer  Register  Co.,  The,  1218 

Bahnson  Co.,  The,  1062-1063 

Dole  Valve  Co.,  The,  1377 

Hendrick  Mfg.  Co.,  1224-1225 

Independent  Register  Co.,  The, 
1223 

Minneapolis-Honeywell  Regulator 
Co.,  1260-1261 

Etablissements  Neu,  1226 

Pyle-National  Co.,  The,  Multi- 
Vent  Div.,  1228-1229 

Register  &  Grille  Mfg.  Co.,  Inc., 
1227 

Standard  Stamping  &  Perforating 
Co.,  1230 

Stewart  Mfg.  Co.,  Inc.,  1231 

Titus  Mfg.  Corp.,  1234 

Tuttle  &  Bailey,  Inc.,  1232-1233 

United  States  Air  Conditioning 
Corp.,  1073 

United  States  Register  Co.,  1235 

Young  Regulator  Co.,  1236 

HANGERS,  Pipe 

Grinnell  Co.,  1106-1107 


HANGERS,  Radiator 

Carty    &  Moore  Engineering  Co., 

1349 
Pacific   Steel   Boiler   Div.,   U.   S. 

Radiator  Corp.,  1289 
United  States  Radiator  Corp.,  1290- 

1291 

HEADS,  Exhaust 

Knowles  Mushroom  Ventilator  Co., 
1222 

HEADS,  Sprinkler  (Fire  Protec- 
tion) 
Grinnell  Co.,  Inc.,  1106-1107 


HEAT  SURFACE 
Aerofin  Corp.,  1168-1170 
Fedders-Quigan  Corp.,  1105 
G  &  0  Mfg.  Co.,  The,  1171 
General  Electric  Co.,   (Bloomfield, 

N.  J.),  1068-1069 
McQuay,  Inc.,  1112-1113 
Modine  Mfg.  Co.,  1114-1115 
John  J.  Nesbitt,  Inc.,  1117 
Niagara  Blower  Co.,  1070 
Kittling  Corp.,  The,  1173 
Rome-Turney  Radiator  Co.,  The, 

1174 

Trane  Co.,  The,  1122-1123 
Vulcan   Radiator   Co.,    The,    1176 
Warren  Webster  &  Co.,  1372-1375 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Young  Radiator  Co.,  1127 


HEATERS,  Ait 

Aerofin  Corp.,  1168-1170 
Air  Devices,  Inc.,  1132,  1215 
Airtherm  Mfg,  Co.,  1093 
American  Foundry  <fe  Furnace  Co., 

1078-1079 

Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
E.  K.  Campbell  Co.,  1095 
Campbell  Heating  Co.,  1082-1083, 

1094 

Carrier  Corp.,  1064-1065 
Chicago  Steel  Furnace  Co.,  1098 
Combustion       Engineering-Super- 
heater, Inc.,  1296 
Combustion  Equipment  Div.,  Todd 

Shipyards  Corp.,  1314 
Dravo  Corp.,  1096-1097 
Electromode  Corp.,  1104 
Fedders-Quigan  Corp.,  1105 
General  Electric  Co.,  (Schenectady, 

N.  Y.),  1210-1211 
Grinnell  Co.,  Inc.,  1106-1107 
Lee  Engineering  Co.,  1099 
McQuay,  Inc.,  1112-1113 
Meyer  Furnace  Co.,  The,  1086-1087 
Modine  Mfg.  Co.,  1114-1115 
L.  J.  Mueller  Furnace  Co.,  1088- 

1089 

National  Heater  Co.,  1100-1101 
Herman  Nelson  Corp.,  1118-1119 


Arthur  A.  Olson  &  Co.,  1102 
Patterson-Kelley  Co.,  The,  1167 
Springfield  Boiler  Co.,  1288 
Thermobloc      Div.,      Prat-Daniel 

Corp.,  1120 

Trane  Co.,  The,  1122-1123 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
L.  J.  Wing  Mfg.  Co.,  1124-1126 
Young  Radiator  Co.,  1127 


HEATERS,       Automatic       Hot 
Water,  Domestic 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

Bryant  Heater  Div.,  1081 
Combustion        Engineering-Super- 
heater Inc.,   (Chattanooga  Dir.) 

1296 

Crane  Co.,  1278-1279 
Dewey-Shepard  Boiler  Co.,  1268 
General  Automatic  Products  Corp., 

1280 
General  Electric  Co.,  (Schenectady, 

N,  Y.),  1210-1211 
S.  T.  Johnson  Co.,  1316-1317 
Pacific   Steel   Boiler   Div.,   U.   S. 

Radiator  Corp.,  1289 
Petroleum  Heat  &  Power  Co.,  1320- 

1321 

Ray  Oil  Burner  Co.,  1322-1323 
United  States  Radiator  Corp.,  1290- 

1291 
Westinghouse  Electric  Corp.,   Bos 

868,  Pittsburgh,  1204-1209 


HEATERS,  Blast 

Aerofin  Corp.,  1168-1170 
Airtherm  Mfg.  Co.,  1093 
Carrier  Corp.,  1064-1065 
Electromode  Corp.,  1104 
G  &  O  Mfg.  Co.,  The,  1171 
Hastings  Air  Conditioning  Co.,  Inc., 

1067 

Lee  Engineering  Co.,  1099 
McCord  Corp.,  1111 
McQuay,  Inc.,  1112-1113 
Modine  Mfg.  Co.,  1114-1115 
D.  J.  Murray  Mfg.  Co.,  1116 
National  Radiator  Co.,  The,  1282- 

1283 

Niagara  Blower  Co.,  1070 
United    States    Air    Conditioning 

Corp.,  1073 
Rome-Turney  Radiator  Co.,  The, 

1174 

Trane  Co.,  The,  1122-1123 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Young  Radiator  Co.,  1127 


HEATERS,  Cabinet 

Electromode  Corp.,  1104 
Modine  Mfg.  Co.,  1114-1115 
Trane  Co.,  The,  1122-1123 
Young  Radiator  Co.,  1127 


HEATERS,  Electric 

Electromode  Corp.,  1104 

General  Electric  Co.,  (Schenectady, 

N.  Y.),  1210-1211 
Westinghouse  Electric  Corp.,   Box 

868,  Pittsburgh,  1204-1209 


HEATERS,  Feed  Water 

Bell  &  Gossett  Co.,  1332-1333 
Brownell  Co.,  The,  1295 
Foster  Wheeler  Corp.,  1158 
Pacific   Steel   Boiler,   Div.    U,    S. 

Radiator  Corp.,  1289 
Patterson-Kelley  Co.,  The,  1167 
Swartwout  Co.,  The,  1214 
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Titusville    Iron   Works    Co.,    The, 

(Div.  of  Struthers  Wells  Corp.), 

1308 
United  States  Radiator  Corp.,  1290- 

1291 

Warren  Webster  &  Co.,  1372-1375 
Westinghouse   Electric  Corp.,   Box 

868,  Pittsburgh,  1204-1209 
Worthington  Pump    &   Machinery 

Corp.,  1074-1075 

HEATERS,  Fuel  Oil 
Ace  Engineering  Co.,  1312 
Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

Automatic  Burner  Corp.,  1313 
Bell  &  Gpssett  Co.,  1332-1333 
Combustion  Equipment  Div., 

(Todd  Shipyards  Corp.),  1314 
Cyclotherm  Corp.,  1297 
H.  C.  Little  Burner  Co.,  1318 
Arthur  A.  Olson  &  Co.,  1102 
Patterson-Kelley  Co.,  The,  1167 
Ray  Oil  Burner  Co.,  1322-1323 
Taco  Heaters,  Inc.,  1336 
Thermobloc      Div.,      Prat-Daniel 

Corp.,  1120 
H.  A.  Thrush  &  Co.,  1334-1335 

HEATERS,  Gas 

Bryant  Heater  Div.,  1081 
Campbell   Heating   Co.,   1082-1083 

1094 

Cyclotherm  Corp.,  1297 
Dravo  Corp.,  1096-1097 
Hook  &  Ackerman,  1281 
Lee  Engineering  Co.,  1099 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
National  Heater  Co.,  1100-1101 
Arthur  A.  Olson  &  Co.,  1102 
Thermobloc       Div.       Prat- Daniel 

Corp.,    1120 
Utility  Appliance  Corp.,  1092 

HEATERS,  Hot  Water  Service 

Aerofin   Corp.,    1168-1170 
Air  Devices,  Inc.,  1132,  1215 
Airtemp     Div.,     Chrysler     Corp., 

1084-1085 
Aldrich  Co.,  1271 
American    Radiator     &    Standard 

Sanitary  Corp.,  1272-1275 
Automatic  Burner  Corp.,  1313 
Bell  &  Gossett  Co.,  1332-1333 
Brownell  Co.,  The,  1295 
Burnham  Corp.,  1277 
Crane  Co.,   1278-1279 
Cyclotherm  Corp.,  1297 
Dewey-Shepard  Boiler  Co.,  1298 
Hook  &  Ackerman,  1281 
S.  T.  Johnson  Co.,  1316-1317 
Johnston  Bros.,  Inc.,  1303 
Kewanee  Boiler  Corp.,  1304-1307 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
National  Radiator  Co.,  The,  1282- 

1283 
Pacific   Steel   Boiler   Div.,   TJ.    S. 

Radiator  Corp.,  1289 
Patterson-Kelley  Co.,  The,   1167 
Petroleum    Heat    &    Power    Co., 

1320-1321 

Ray  Oil  Burner  Co.,  1322-1323 
H.  B.  Smith  Co.,  Inc.,  The,  1285 
Spencer  Heater   Div.,   Avco   Mfg. 

Corp.,     1286-1287 
United  States  Radiator  Corp.,  1290- 

1291 

Vapor  Heating  Corp.,  1371 
Weil-McLain   Co.,   1292 
Williams  Oil-0-Matic  Div.,  Eureka 

Williams   Corp.,   1325 


HEATERS,  Indirect 

Aerofin   Corp.,    1168-1170 
Bell  &  Gosset  Co.,  1332-1333 


Campbell    Heating  Co.,  1082-1083, 

1094 
Pacific   Steel   Boiler   Div.,    U.    S. 

Radiator  Corp.,  1289 
Patterson-Kelley  Co.,  The,   1167 
Taco  Heaters,   Inc.,  1336 
H.  A.  Thrush  &  Co.,  1334-1335 
United  States  Radiator  Corp.,  1290- 

1291 

HEATERS,  Storage 
Hook   &  Ackerman,  1281 
Kewanee  Boiler  Corp.,  1304-1307 
Pacific  Boiler  Div.,  U.  S.  Radiator 

Corp.,    1289 

Patterson-Kelley  Co.,  The,   1167 
United  States  Radiator  Corp.,  1290- 

1291 

HEATERS,  Tank 

Bell  &  Gossett  Co.,  1332-1333 
Bryant  Heater  Div.,  1081 
Hook   &  Ackerman,  1281 
Pacific    Steel    Boiler   Div.,    U.    S. 

Radiator  Corp.,   1289 
Patterson-Kelley  Co.,  The,   1167 
Spencer   Heater   Div.,    Avco   Mfg. 

Corp.,  1286-1287 

HEATERS,     Unit 

Air-therm  Mfg.  Co.,  1093 

American  Blower  Corp.,   1060-1061 

American  Foundry  &  Furnace  Co., 

1078-1079 

Automatic  Gas  Equipment  Co.,  1103 
Bayley  Blower  Co.,  1186 
Bishop  &  Babcock  Mfg.  Co.,  The 

(Massachusetts  Blower  Div.),  1187 
Bryant  Heater  Div.,  1081 
Burnham    Corp.,    1277 
Campbell  Heating   Co.,   1082-1083, 

1094 

Carrier  Corp.,  1064-1065 
Chicago  Steel  Furnace  Co.,  1098 
Clarage  Fan  Co.,  1066 
Crane   Co.,   1278-1279 
Dravo  Corp.,  1096-1097 

C.  A.  Dunham  Co.,  1350-1354 
Electromode   Corp.,   1104 
Fedders-Quigan    Corp.,    1105 
General  Electric  Co..  (Schenectady, 

N.  Y.),  1210-1211 
Grinnell  Co.,  Inc.,  1106-1107 
Hastings  Air  Conditioning  Co.,  Inc. 

1067 
Eg  Electric  Ventilating  Co.,    1108, 

1193 

Kennard  Corp.,  1110 
Lee  Engineering  Co.,  1099 
H.  C.  Little  Burner  Co.,  1318 
McCord   Corp.,    1111 
McQuay,   Inc.,    1112-1113 
Modine  Mfg.  Co.,  1114-1115 
L.  J.  Mueller  Furnace  Co.,  1088-1089 

D.  J.  Murray  Mfg.  Co.,  1116 
National  Heater  Co.,  1100-1101 
Herman  Nelson  Corp.,  The,  1118- 

1119 

John  J.  Nesbitt,  Inc.,  1117 
Niagara  Blower  Co.,  1070 
Arthur  A.  Olson  &  Co.,  1102 
Pacific   Steel  Boiler   Div.,   TJ.   S. 

Radiator  Corp..  1289 
Kittling  Corp.,  The,  1173 
Rome-Turney  Radiator  Co.,  The, 

Thermobloc      Div.,      Prat-Daniel 

Corp.,    1120 

Trane  Co.,  The,  1122-1123 
United    States    Air    Conditioning 

Corp.,  1073 
United  States  Radiator  Corp.,  1290- 

1291 

Warren  Webster  &  Co.,  1372-1375 
Western  Blower  Co.,  1203 
Westinghouse  Electric  Corp.,  Stur- 

tevant   Div.,   1204-1209 
L.  J.  Wing  Mfg.  Co.,  1124-1126 
Young  Radiator  Co.,  1127 


HEATERS,  Unit,  Electric 
Electromode  Corp.,  1104 
Eg  Electric   Ventilating  Co.,  1108, 
1193 

HEATERS,  Unit,  Gas  Fired 
Airtherm  Mfg.  Co.,  1003 
American  Furnace  Co.,  1080 
Automatic    Gas    Equipment    Co.. 

1103 

Bryant  Heater  Div.,  1081 
Carrier  Corp.,  1064-1065 
Dravo  Corp.,  1090-1007 
Hastings  Air  Conditioning  Co.,  Inc.. 

1067 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Lee  Engineering  Co.,  1099 
L.  J.  Mueller  Furnace  Co.,  1088-10S9 
National  Heater  Co.,  1100-1101 
Arthur  A.  Olson  &  Co.,  1102 
Thermobloc      Div.,       Prat-Daniel 

Corp.,  1120 
United    States    Air    Conditioning 

Corp.,  1073 

Utility  Appliance  Corp.,  1092 
Williams  Oil-0-Matic  Div.,  Eureka 

Williams   Corp.,    1325 
L.  J.  Wing  Mfg.  Co.,  1124-1126 

HEATERS,  Unit,  Oil  Fired 
Thermobloc      Div.,      Prat-Daniel 
Corp.,  1120 

HEATERS,  Unit,  Turbine 
L.  J.  Wing  Mfg.  Co.,  1124-1126 

HEATING,  PUMPING,  and 
STRAINING  UNITS,  Fuel  OH 

Combustion  Equipment  Div., 
(Todd  Shipyards  Corp.),  1314 

S.  T.  Johnson  Co.,  1310-1317 

HEATING  SYSTEMS,  Air, 
Heavy  Duty 

Airthorm  Mfg.  Co.,  10WJ 
American  Foundry  &  Furnace  Co., 

1078-1079 
Campbell  Heating  Co.,   1082-1083, 

1094 

Chicago  Steel  Furnace  Co.,  1008 
Dravo  Corp.,  1QCHMQ07 
Eleetromode  Corp,,   1104 
Lee  Engineering  Co.,  1099 
Meyer  Furnace  Co.,  The,  1086-1087 
L.  J.  Mueller  Furnace  Co,,  1088-1089 
National  Heater  Co.f  1100-H01 
Niagara  Blower  Co.,  1070 
Pacific   Steel    Boiler    Div.,   U.   S. 

Radiator  Corp.,  123& 
Arthur  A.  Olson  &  Co.,  1102 
Ray  Oil  Burner  Co.,  1322-1323 
Trane  Co.,  The,  1122-1123 
United    States    Radiator    Corp., 

1290-1291 

HEATING  SYSTEMS,  Air  Resi- 
dence 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 
American  Foundry  <&  Furnace  Co., 

1078-1079 
American    Radiator    &    Standard 

Sanitary    Corp.,    1272-1275 
Bryant  Heater  Div,,  1081 
Burnham  Corp..  1277 
Campbell  Heating  Co.,  1082-1083, 

1094 

Chicago  Steel  Furnace  Co.,  1008 
Electromode  Corp.,   1104 
General  Electric  Co.,  (Bioonifield, 

N.  J.\   1008-1000 

Meyer  Furnace  Co.,  The,  1080-1087 
L.  J.  Mueller  Furnace  Co.,  108B-1089 
Pacific  Steel  Boiler  Div,,  U.  S. 

Radiator  Corp.,   1289 
Ray-Oil  Burner  Co.,  1322-1323 
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Trane  Co.,   The,   1122-1123 
United  States  Radiator  Corp.,  1290- 

1291 
Waterman-Waterbury      Co.,      The 

1090-1091 

HEATING     SYSTEMS,     Auto- 
matic 
Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

Airtherm  Mfg.   Co.,  1093 
American  Foundry  &  Furnace  Co., 

1078-1079 
American    Radiator     &    Standard 

Sanitary  Corp.,  1272-1275 
Bryant  Heater  Div.,  1081 
E.  K.  Campbell  Co.,  1095 
Campbell   Heating  Co.,   1082-1083, 

1094 

Chicago  Steel  Furnace  Co.,  1098 
Crane   Co.,    1278-1279 
Dravo  Corp.,  1096-1097 
C.  A.  Dunham  Co.,  1350-1354 
Electromode   Corp.,   1104 
General  Automatic  Products  Corp., 

1280 
General  Electric  Co.    (Bloomfield, 

N.   J.),   1068-1069 
Hook   &  Ackerman,  1281 
Lee  Engineering  Co.,   1099 
Mever  Furnace  Co.,  The,  1086-1087 
L.  jr.  Mueller  Furnace  Co.,  1088-1089 
National  Heater  Co.,  1100-1101 
Arthur  A.  Olson  &  Co.,  1102 
Petroleum  Heat  &  Power  Co.,  1320- 

1321 

Sarco  Co.,  Inc.,  1368-1369 
Sarcothorm   Controls,    Inc.,    13/0 
Trane  Co.,  Tho,   1122-1123 
Vapor  Heating  Corp.,  1371 

HEATING  SYSTEMS,  Coal-fired 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

American  Foundry  &  Furnace  Co., 

1078-1079 

American  Furnace  Co.,  1080 
American    Radiator    &    Standard 

Sanitary    Corp.,    1272-1275 

CampboUm&cating''Co.f  1082-1083, 

Grant  Co.,  1278-1279 

Fitzgibbons  Boiler  Co.,  Inc.,  1300- 

1301 

Leo  Engineering  Co.,  1099 
Meyer  Furnace  Co.,  The,  1086-1087 
L  %  Mueller  Furnace  Co.,  1088-1089 
National  Heater  Co.,  1100-1101 
Arthur  A.  Olson  &  Co.,  1102 
Waterman-Waterbury     Co.,      Ihe, 

1090-1091 

HEATING    SYSTEMS,    Electric 
Blectromode   Corp.,   1104 
Ilg  Electric  Ventilating  Co.,  1108, 
1193 

HEATING  SYSTEMS,   Furnace 

American  Foundry  &  Furnace  Co., 

1078-1079 

American  Furnace  Co.,  1080 
American    Radiator    &    Standard 

Sanitary    Corp..    1272-1275 
E.  K,  Campbell  Co.,  1095 
Campbell  Heating  Co.,  1082-1083, 

1094 

Crane  Co.,  1278-1279 
Dravo  Corp.,  1096-1097 
Lee  Engineering  Co.,  1099 
Meyer  Furnace  Co.,  The,  1086-1087 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
National  Heater  Co.,  1100-1101 
Arthur  A.  Olson  &  Co.,  1102 
Petroleum  Heat  &  Power  Co.,  1320- 

1321 


United  States  Radiator  Corp.,  1290- 

1291 
Waterman-Waterbury      Co.,      The 

1090-1091 


HEATING  SYSTEMS,  Gas  fired 
Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

Airtherm  Mfg.  Co.,  1093 
American  Foundry  &  Furnace  Co., 

1078-1079 

American  Furnace  Co.,  1080 
American    Radiator    &    Standard 

Sanitary    Corp.,    1272-1275 
Bryant  Heater  Div.,  1081 
E.  K.  Campbell  Co.,  1095 
Campbell   Heating  Co.,   1082-1083, 

1094 

Chicago  Steel  Furnace  Co.,  1098 
Crane   Co.,   1278-1279 
Dewey-Shepard  Boiler  Co.,  1298 
Dravo  Corp.,  1096-1097 
Fitzgibbons  Boiler  Co.,  Inc.,  1300- 

1301 
General  Electric  Co.,  (Bloomfield, 

N.   J.),    1068-1069 
Hook  &  Ackerman,  1281 
Lee  Engineering  Co.,  1099        » 
Meyer  Furnace  Co.,  The,  1086-1087 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
National  Heater  Co.,  1100-1101 
Arthur  A.  Olson  &  Co.,  1102 
Utility  Appliance  Corp.,  1092 
Waterman-Waterbury     Co.,     The, 

1090-1091 
Williams  Oil-0-Matic  Div,,  Eureka 

Williams   Corp.,    1325 
L.  J.  Wing  Mfg.  Co.,  1124-1126 


HEATING  SYSTEMS,  High- 
temperature  Fluid 

Titusville  Iron  Works  Co.,  The, 
(Div.  of  Struthers  Wells  Corp.), 
1308 


HEATING  SYSTEMS,  Hot  Water 

Air  Devices,  Inc.,  1132,  1215 
Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 
American    Radiator    <fe    Standard 

Sanitary  Corp.,   1272-1275 
Bell  &  Gossett  Co.,  1332-1333 
Burnharn.  Corp.,  1277 
Crane   Co.,   1278-1279 
Durant  Insulated  Pipe  Co.,  1383 
Hoffman  Specialty  Co.,   1356-1359 
Hook  &  Ackerman,  1281 
Kritzer  Radiant  CoilSj  Inc.,  1172 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,    1361 

L.  J.  Mueller  Furnace  Co.,  1088-1089 
Pacific   Steel   Boiler   Div.,    U.    S. 

Radiator  Corp.,   1289 
Ric-wiL  Co.,  The,  1385 
Sarco  Co.,  Inc.,  1368-1369 
Sarcotherm  Controls,  Inc.,  1370 
H.  B.  Smith  Co.,  Inc.,  The,  1285 
Taco  Heaters,  Inc.,  1336 
Trane  Co.,  The,  1122-1123 
H,  A.  Thrush  &  Co.,  1334-1335 
United  States  Radiator  Corp.,  1290- 

1291 

Vulcan  Radiator  Co.,  The,  1176 
Warren  Webster  &  Co.,  1372-1375 


HEATING  SYSTEMS,  Oil  Fired 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

Airtherm  Mfg.  Co.,  1093 
American  Foundry  &  Furnace  Co., 

1078-1079 
American  Furnace  Co.,  1080 


American    Radiator    &    Standard 

Sanitary    Corp.,    1272-1275 
E.  K  Campbell  Co.,  1095 
Campbell   Heating  Co.,  1082-108S9 

1094 

Chicago  Steel  Furnace  Co.,  1098 
Crane   Co.,   1278-1279 
Dewey-Shepard  Boiler  Co.,  1298 
Dravo  Corp.,  1096-1097 
Fitzgibbons  Boiler  Co.,  Inc.,  ISfO- 

1301 
General  Automatic  Products  Corp.. 

1280 
General  Electric  Co.   (Bloomfield, 

N.   J.),   1068-1069 
S.  T.  Johnson  Co.,  1316-1317 
Lee  Engineering  Co.,   1099 
H.  C.  Little  Burner  Co.,  1318 
Meyer  Furnace  Co.,  The,  1086-1087 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
National  Heater  Co.,  1100-1101 
Arthur  A.  Olson  <fe  Co.,  1102 
Pacific   Steel   Boiler    Div.,    U.    S. 

Radiator  Corp.,   1289 
Petroleum  Heat  &  Power  Co.,  1320- 

1321 

Ray  Oil  Burner  Co.,  1322-1323 
United  States  Radiator  Corp.,  1290- 

1291 
Waterman-Waterbury     Co.,     The, 

1090-1091 
Williams  Oil-0-Matic  Div.,  Eureka 

Williams   Corp.,    1325 


HEATING   SYSTEMS,   Steam 
Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 
American    Radiator     &    Standard 

Sanitary    Corp.,    1272-1275 
Barnes  &  Jones,  Inc.,  1348 
Bryant   Heater   Div.,    1081 
Burnbam    Corp.,     1277 
Crane  Co.,   1278-1279 
Dewey-Shepard  Boiler  Co.,  1298 
C.  A.  Dunham  Co.,  1350-1354 
Durant  Insulated  Pipe  Co.,  1383 
Fitzgibbons  Boiler  Co.,  Inc.,  1300- 

1301 
General  Electric  Co.,   (Bloomfield. 

N.   J.),   1068-1069 
William  S.  Haines  &  Co.,  1355 
Hoffman  Specialty  Co.,  1356-1359 
Illinois  Enigneering  Co.,  1362-1363 
Kritzer  Radiant  Coils,  Inc.,  1172 
Marsh    Heating    Equipment    Co- 
Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,    1361 

L.  J.  Mueller  Furnace  Co.,  1088-1089 
Pacific   Steel   Boiler   Div.,   U.   S. 

Radiator  Corp.,   1289 
Ric-wiL  Co.,  The,  1385 
Sarco  Co.,  Inc.,  1368-1369 
H.  B.  Smith  Co. .Inc.,  The,  1285 
Titusville   Iron   Works   Co.,    The, 

(Div.  of  Struthers  Wells  Corp.), 

1308 

Trane  Co.,  The,  1122-1123 
United  States  Radiator  Corp.,  1290- 

1291 

Vapor  Heating  Corp.,  1371 
Vulcan  Radiator  Co.,  The,  1176 
Warren  Webster  &  Co.,  1372-1375 
L.  J.  Wing  Mfg.  Co.,  1124-1126 


HEATING  SYSTEMS,  Vacuum 
Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 
American    Radiator    &    Standard 

Sanitary  Corp.,  1272-1275 
Barnes  &  Jones,  Inc.,  1348 
C.  A.  Dunham  Co..  1350-1354 
William  S.  Haines  &  Co.,  1355 
Hoffman  Specialty  Co.,  1356-1359 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,    1361 
Sarco  Co.,  Inc.,  1368-1369 
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Trane  Co.,  The,  1122-1123 
Warren  Webster  &  Co.,  1372-1375 


HEATING   SYSTEMS,   Vapor 
Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 
American    Radiator     &    Standard 

Sanitary  Corp.,  1272-1275 
Barnes  &  Jones,  Inc.,  1348 
Bryant  Heater  Div.,  1081 
C.  A.  Dunham  Co.,  1350-1354 
William  S.  Haines  &  Co.,  1355 
Hoffman  Specialty  Co.,  1356-1359 
Illinois  Engineering  Co.,  1362-1363 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,    1361 

Sarco  Co.,  Inc.,  1368-1369 
Trane  Co.,  The,  1122-1123 
Warren  Webster  &  Co.,  1372-1375 


HOSE,    Flexible   Metal 

American  Brass  Co.,  The,  1128-1129 
Chicago  Metal  Hose  Corp.,  1130, 1240 


HOT  WATER  HEATING  SYS- 
TEMS (See  Heating  Sijstems,  Hot 
Water} 


HUMIDIFIERS 

Air   &  Refrigeration  Corp.,   1059 
American  Foundry  &  Furnace  Co., 

1078-1079 

American  Moistening  Co.,  1163 
Armstrong   Machine    Works,    1346- 

1347 

Bahnson  Co.,  The,  1062-1063 
Binks  Mfg.  Co.,  1156-1157 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Carrier    Corp.,    1064-1065 
Farr  Co.,  1146 

Grinnell  Co.,  Inc.,  1106-1107 
McDonnell    &   Miller,   Inc.,    1323- 

1331 

Meyer  Furnace  Co.,  The,  1086-1087 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
Niagara  Blower  Co.,  1070 
Parks-Cramer    Co.,    1071 
J.  F.  Pritchard  &  Co.,  1161 
H.  J.  Somers,  Inc.,  1152-1153 
Trane  Co.,  The,  1122-1123 
Walton  Laboratories,  Inc.,  1076 


HUMIDIFIERS,   Central    Plant 

Air  &  Refrigeration  Corp.,  1059 
Bahnson  Co.,  The,  1062-1063 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,   Inc.,  1337 
Clarage  Fan  Co.,  1066 
Farr   Co.,    1146 

Johnson  Service  Co.,  1258-1259 
McDonnell  &  Miller,  Inc.,  1328-1331 
National  Radiator  Co.,  The,  1282- 

1283 

Niagara  Blower  Co.,  1070 
Parks-Cramer    Co.,    1071 
Powers  Regulator  Co.,  The,  1265 
J.  F.  Pritchard  &  Co.,  1161 
Trane  Co.,  The,  1122-1123 
Westinghouse  Electric  Corp.,  Stur- 

tevant   Div.,    1204-1209 

HUMIDIFIERS,  Unit 

Armstrong  Machine   Works,    1346- 

1347 

Bahnson  Co.,  The,  1062-1063 
Buffalo  Forge  Co.,  1188 
Buffalo  Pumps,  Inc.,  1337 
Mario  Coil  Co.,  1180 
D,  J.  Murray  Mfg.  Co.,  1116 
Niagara  Blower  Co.,  1070 


J.  F.  Pritchard  &  Co.,  1161 
H.  J.  Somers,  Inc.,  1152-1153 
Trane  Co.,  The,  1122-1123 
Walton  Laboratories,  Inc.,  1076 

HUMIDITY    AND    TEMPERA- 
TURE CONTROL 
American  Moistening  Co.,  1163 
Armstrong   Machine   Works,    1346- 

1347 

Bahnson  Co.,  The,  1062-1063 
C.  A,  Dunham  Co.,  1350-1354 
Johnson  Service  Co.,  1258-1259 
Mario  Coil  Co.,  1180 
Mercoid  Corp.,  The,  1257 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1251 
Parks-Cramer    Co.,    1071 
Penn  Electric  Switch  Co.,  1263 
Powers   Regulator   Co.,    1265 
Taylor  Instrument   Cos.,   1270 
Walton  Laboratories,  Inc.,  1076 
Westmghotise  Electric  Corp.,  Stur- 
tevant    Div.,    1204-1209 

HUMIDITY  RECORDERS  and 
INDICATORS 

American  Moistening  Co.,  1163 
Johnson  Service  Co.,  1258-1259 
Minneapolis-Honeywell  Regulator 

Co.,  1260-1261 

Moeller  Instrument  Co.,  1262 
Powers  Regulator  Co.,  1265 
Taylor  Instrument  Cos.,  1270 
Walton  Laboratories,  Inc.,  1076 


HYGROMETERS    (See  Humidity 

Recorders  and    Indicators) 
American  Moistening  Co.,  1163 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Moeller  Instrument  Co.,  1262 
Taylor  Instrument  Cos.,  1270 
Walton  Laboratories,  Inc.,  1076 

IGNITION,    Oil   Burner 

(See    Transformers') 


INDUCED  DRAFT  COOLING 
TOWERS  (See  Cooling  Towers, 
Forced  Draft,  Mechanical  Draft) 

Acme  Industries,  Inc.,  1166 
Binks  Mfg.  Co.,   1156-1157 
Foster  Wheeler  Corp.,  1158 
Kennard  Corp.,  1110 
Lilie-Hoffmann    Cooling    Towers, 

Inc.,  1159 

J.  F.  Pritchard  <fc  Co,,  1101 
Water  Cooling  Equipment  Co.,  1162 
L.  J.  Wing  Mfg.  Co,,  1124-1120 


INSERTS,     Concrete 

Carty   &  Moore  Engineering  Co.. 
1349 


INSTRUMENTS,  Indicating 
Controlling  and  Recording 

Electric  Auto-Lite  Co.,  The,  In- 
strument &  Gauge  Div.,  1247 

General  Electric  Co,,  (Schenectady, 
N.  Y.),  1210-1211 

Illinois  Testing  Laboratories,  Inc., 
1256 

Johnson  Service  Co.,  1258-1259 

Marsh  Heating-  Equipment  Co., 
Sales  Affiliate  of  Jas.  P.  Marsh 
Corp.,  1361 

Minneapolis-Honeywell  Regulator 
Co.,  1260-1261 

Moeller  Instrument  Co.,  1262 

Perfex   Corp.,   1264 


Powers  Regulator  Co.,  The,  1265 
Taylor  Instrument  Cos.,  1270 
Westinghouse    Electric  Corp.,   Box 
868,    Pittsburgh,    1204-1209 


INSULATION,  Aluminum 
Infra  Insulation,  Inc.,  1407 


INSULATION,  (    Asbestos      (See 
Covering,    Pipe'} 


INSULATION,     Building 

American  Flange  &  Mfg.  Co.,  Inc., 

1406 
American  Structural  Products  Co., 

1386 

Armstrong  Cork  Co.,   1391 
Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 

Celotcx  Corp.,  The,  1393 
Eagle-Picher  Co.,   The,    1394 
Infra  Insulation,  Inc.,  1407 
Insulite,  1396-1397 
Johns-Manville,  1398-1399 
Kimberly-Clark  Corp.,  1400-1401 
Lockport  Cotton  Batting  Co.,  1402 
Mundct  Cork  Corp.,  1392 
Owens-Corning     Fiber-gifts     Corp., 

1148-1149 

Owens-Illinois  Gloss  Co,,   1403 
Pacific  Lumber  Co.,  The,  1404 
Pittsburgh  Corning  Corp.,  1388-1389 
H.  W.  Porter  <fe  Co.,  Inc.,  I'm 
Roflcctal  Corp.,   1408 
Silvercote  Products,  Inc.,  1409 
Grant  Wilson,  Inc.,  1382 
Wood  Conversion  Co.,  1405 


INSULATION,     Cellular    Glass 
Armstrong  Cork  Co.,  1391 
Pittsburgh  Corning  Corp.,  1388-1389 

INSULATION,    Cork 
Armstrong  Cork  Co.»  1391 
Mundct  Cork  Corp.,  1392 
H.  W.  Porter  <fe  Co.,  Inc.,  1384 
Grant  Wilson,  Inc.,  1382 

INSULATION,  Cotton 
Oilman  Bro«,  Co.,  The,  1395 
Lockport  Cotton  Batting  Co.,  1402 

INSULATION,  Double  Glass 
Libbey-Owons-Ford  Glaaa  Co.,  1390 

INSULATION,  Duct**,  Ventilat- 
ing, Air  Conditioning 

Armstrong  Cork  Co.,  1391 
Philip  Carey  Mfg.  Co,,  The,  1380- 

1381 

Celotex  Corp.,  The,  1393 
Eagle-Picher  Co.,  The,   1394 
Infra  Insulation,  Ino,»  1407 
Johns-Manvitle,  1308-1390 
Kaiser    Aluminum     <fe    Chemical 

Sales,    Inc.,    1370 
Kimberly-Clark  Corp,,  1400-1401 
Lockport  Cotton  Batting  Co.,  1402 
Mundet  Cork  Corp.,  1392 
Owens-Coming    Fiberglas    Corp.. 

1148-1149 

Owexw-IHinoifl  Claw  Co.,  1403 
Pittsburgh  Corning  Corp,,  1388-1380 
Befloctal  Corp>,  1408 
Grant  Wilson,  Inc.,  1382 
Wood  Conversion  Co.,  1405 

INSULATION,     Felt 
Johna-Manville,  1308-1309 
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Kimberly-Clark  Corp.,  1400-1401 
Grant  Wilson,  Inc.,  1382 


INSULATION,  Fiber 
Celotex  Corp.,  The,  1393 
Insulite,     1396-1397 
Kimberly-Clark  Corp.,  1400-1401 
Lockport  Cotton  Batting  Co.,  1402 
Owens-Corning     Fiberglas     Corp., 

1148-1149 

Pacfic  Lumber  Co.,  The,  1404 
Grant  Wilson,  Inc.,  1382 
Wood  Conversion  Co.,  1405 

INSULATION,     Magnesia 
Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 

Johns-Manville,  1398-1399 
Mundet  Cork  Corp.,  1392 
Grant  Wilson,  Inc.,  1382 

INSULATION,  Metal 
American  Flange  &  Mfg.  Co.  Inc., 

1406 

Infra  Insulation,  Inc.,  1407 
Reflectal   Corp.,   1408 
Silvercote  Products,  Inc.,  1409 

INSULATION,  Mineral 
Owens-Illinois  Glass  Co.,  1403 

INSULATION,     Mineral     Wool 

(See    Insulation,    Building} 

INSULATION,  Pipes  and  Sur- 
faces (See  Covering,  Pipe  and 
Surface') 

INSULATION,  Plastic 
Grant  Wilson,  Inc.,  1382 

INSULATION,    Reflective 
American  Flange  &  Mfg.  Co.  Inc., 

1406 

Giiman  Bros,  Co.,  The,  1395 
Infra  Insulation,  Inc.,  1407 
Kimberly-Clark  Corp.,  1400-1401 
Lockport  Cotton  Batting  Co.,  1402 
Reflectal  Corp.,   1408 
Silvercote  Products,  Inc.,  1409 

INSULATION,   Refractory 

Armstrong  Cork  Co.,  1391 

Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 

Johns-Manville,  1398-1399 
Grant  Wilson,  Inc.,  1382 

INSULATION,  Sound  Deaden- 
ing (See  also  Felt,  Sound  Deaden- 
ing) 

Armstrong  Cork  Co.,  1391 
Celotex  Corp.,  The,  1393 
Gilrnan  Bros.  Co.,  The,  1395 
Insulite,  1396-1397 
Kimberly-Clark  Corp.,  1400-1401 
Lockport  Cotton  Batting  Co.,  1402 
Owens-Corning    Fiberglaa    Corp., 

1148-1149 

Mundet  Cork  Corp.,  1392 
Pacific  Lumber  Co.,  The,  1404 
Grant  Wilson,  Inc.,  1382 
Wood  Conversion  Co.,  1405 

INSULATION,  Steel 

American  Flange  <fc  Mfg.  Co.  Inc., 
1400 


INSULATION,   Structural 

American  Flange  &  Mfg.  Co.  Inc., 

1406 
American  Structural  Products  Co., 

1386 

Armstrong  Cork  Co.  (Building  Ma- 
terials    Div.),     1391 
Celotex  Corp.,  The,  1393 
Insulite,  1396-1397 
Johns-Manville,  1398-1399 
Owens-Illinois  Glass  Co.,  1403 
Pittsburgh  Corning  Corp.,  1388-1389 
Wood  Conversion  Co.,  1405 


INSULATION,  Underground 
Steam  Pipe 

Durant  Insulated  Pipe  Co.,  1383 
Johns-Manville,  1398-1399 
Owens-Corning     Fiberglaa     Corp., 

1148-1149 

Owens-Illinois  Glass  Co.,  1403 
H.  W.  Porter  &  Co.,  Inc.,  1384 
Ric-wiL  Co.,  The,  1385 
Grant  Wilson,  Inc.,  1382 

INSULATION,  Window,  Double 
Glazing 

Libbey-Owens-Ford  Glass  Co.,  1390 

JOINTS,  EXPANSION 

(See  Expansion  Joints") 

LABORATORY  TESTING 

(See  Testing    Laboratory) 

LIME    SCALE   CONTROL 

Vinco  Co.,  Inc.,  The,  1326-1327 

LIQUID  LEVEL   CONTROLS 

Alco  Valve  Co.,  1245 
Combustion  Control  Corp.,  1246 
General    Controls,    1252-1253 
Hubbeil  Corp.,  The,  1255 
Johnson  Service  Co.,  1258-1259 
McDonnell  &  Miller,  Inc.,  1328-1331 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Powers  Regulator  Co.,  The,  1265 
Sarco  Co.,  Inc.,  1368-1369 
Spence  Engineering  Co.,  Inc.,  1268 
Swartwout  Co.,  The,  1214 
Taylor  Instrument  Cos.,  1270 

LIQUID  LEVEL  GAGES  (See 
Gages,  Liquid  Level) 

LOUVERS  (Aho  see  Grilles,  Reg- 
isters) 

American  Coolair  Corp.,  1185 

American  Foundry  &  Furnace  Co., 
1078-1079 

Auer  Register  Co.,  The,  1218 

Dole  Valve  Co.,  The,  1377 

General  Blower  Co.,  1191 

Hastings  Air  Conditioning  Co.,  Inc., 
1067 

Hendrick  Mfg.  Co.,  1224-1225 

Independent  Register  Co.,  The,  1223 

Minneapolis-Honeywell  Regulator 
Co.,  1260-1261 

Pyle-National  Co.,  The,  (Multi- 
Vent  Div.),  1228-1229 

Register  &  Grille  Mfg.  Co.,  Inc., 
1227 

Standard  Stamping  &  Perforating 
Co.,  1230 

Stewart  Mfg.  Co.,  Inc.,  1231 

Swartwout  Co.,  The,  1214 

Titus  Mfg.  Corp.,  1234 

Tuttle  &  Bailey,  Inc.,  1232-1233 

United  States  Air  Conditioning 
Corp.,  1073 


United  States  Register  Co.,  1235 
L.  J.  Wing  Mfg.  Co.,  1124-1126 


MECHANICAL  DRAFT  APPA- 
RATUS (See  Blowers,  Forced 
Draft) 

American  Foundry  &  Furnace  Co.. 
1078-1079 

General  Blower  Co.,  1191 

Westinghouse  Electric  Corp.,  Stur- 
tevant  Div.,  1204-1209 


MECHANICAL  DRAFT  COOL- 
ING TOWERS  (See  Cooling 
Towers,  Forced  Draft,  Induced 
Draft) 

Acme  Industries,  Inc.,  1166 

Baltimore  Aircoil  Co.,  Inc.,  1177 

Binks  Mfg.  Co.,  1156-1157 

Kennard  Corp.,  1110 

Lilie-Hoffmann  Cooling  Towers. 
Inc.,  1159 

J.  F.  Pritchard  &  Co.,  1161 

Water  Cooling  Equipment  Co.,  1162 


METERS,   Air 

Anemostat  Corp.  of  America.  1218- 

1217 
Illinois  Testing  Laboratories,  Inc.. 

1256 
Minneapolis-  Honeywell  Regulator 

Co.,  1260-1261 


METERS,   Flow 

Minneapolis-Honeywell     Regulator 
Co.,  1260-1261 


METERS,    Steam 
Minneapolis-Honeywell     Regulator 
Co.,  1260-1261 


MOTORS,    Damper 

Minneapolis-Honeywell    Regulator 
Co.,  1260-1261 


MOTORS,    Electric 

General  Electric  Co.,  (Schenectady, 

N.  Y.),  1210-1211 
Wagner  Electric  Corp.,  1212 
Westinghouse   Electric  Corp.,   Bos 

868,  Pittsburgh,  1204-1209 


NOISE  ELIMINATORS  (See  Tub- 
ing,  Flexible;  Sound  Deadeners; 
Vibration  Absorbers) 


NOZZLES,  Air  Diffusion,  Air 
Washing,  Brine  Spraying,  Hu- 
midifying, Oil  Burner,  Water 
Cooling  (See  Spray  Nozzles) 


NOZZLES,  Oil  Burner 

Automatic  Burner  Corp.,  1313 
Monarch  Mfg.  Works,  Inc.,  1165 


OIL    BURNER    MOTORS    (See 

Motors,  Electric) 


OIL  BURNER  TUBING,  Flex- 
ible   (See   Tubing,   Flexible,   Me- 
tallic') 
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OIL  BURNERS 
Aldrich  Co.,  1271 
Bryan  Steam  Corp.,  1276 
Enterprise  Engine  &  Foundry  Co., 

1315 
General  Automatic  Products  Corp., 

1280 
Simplex  Oil  Heating  Corp.,  1324 

OIL  BURNERS,  Automatic 

Ace  Engineering  Co.,  1312 

Aldrich  Co.,  1271 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 
American    Radiator    &    Standard 

Sanitary  Corp.,  1272-1275 
Automatic  Burner  Corp.,  1313 
Enterprise  Engine  &  Foundry  Co., 

1315 
General  Automatic  Products  Corp., 

1280 
General  Electric  Co.   (Bloomfield, 

N.  J.),   1068-1069 
S.  T.  Johnson  Co.,  1316-1317 
Johnston  Bros.,  Inc.,  1303 
H.  C.  Little  Burner  Co.,  1318 
L.  J.  Mueller  Furnace  Co.,  1088-1089 
Pacific   Steel   Boiler   Div.,    U.    S, 

Radiator  Corp.,  1289 
Petroleum    Heat    &    Power    Co., 

1320-1321 

Ray  Oil  Burner  Co.,  1322-1323 
C.  L.  Rayfield  Co.,  1319 
Simplex  Oil  Heating  Corp.,  1324 
Webster  Engineering  Co.,  The,  1311 
Williams  Oil-0-Matic  Div.,  Eureka 

Williams  Corp.,  1325 


OIL  BURNERS,  Pressure  Atom- 
izing 

Airtemp  Div,,  Chrysler  Corp.,  1084- 

1085 

Aldrich  Co.,  1271 
American  Furnace  Co.,  1080 
Automatic  Burner  Corp.,  1313 
Babcock  &  Wilcox  Co.,  The,  1294 
Burnham  Corp.,  1277 
Crane  Co.,   1278-1279 
Enterprise  Engine  &  Foundry  Co., 

1315 
General  Automatic  Products  Corp., 


PERFORATED    METALS 
Hendrick  Mfg.  Co.,  1224-1225 
Pyle- National    Co.,    The,    (Multi- 
Vent  Div.),  1228-1229 
Register  &  Grille  Mfg.  Co.,  Inc., 

1227 
Standard  Stamping   &  Perforating 

Co.,    1230 
United  States  Register  Co.,  1235 

PILLOW    BLOCKS 
Lau  Blower  Co.,  The,  1196 


PILOTS,  Safety 

Detroit  Lubricator  Co.,  Div.  of 
American  Radiator  &  Standard 
Sanitary  Corp.,  1248-1249 

General    Controls,    1252-1253 

Minneapolis- Honey  well  Regulator 
Co.,  1260-1261 

Perfex  Corp.,  1264 

PIPE    ANCHORS 
Grinnell  Co.,  lac.,  1106-1107 

PIPE  BENDING 

Acme  Industries,  Inc.,  1166 
Dravo  Corp.,  1096-1097 
Grinnell  Co.,  Inc.,  1106-1107 
Parks-Cramer  Co.,  1071 


PIPE,   Brass 

American  Brass  Co.,  The,  1128-1129 
Revere  Copper  &  Brass,  Inc.,  1131 


SYSTEMS  (Sn-    WPE  CONDUITS   (See  Conduits, 
dustrial)  Underground    Pipe) 

Combustion  Equipment  Div.,  Todd 
Shipyards    Corp.,    1314 

Enterprise  Engine  &  Foundry  Co.,   PIPE,  Copper 

-q.  K 

Q   v    TXhnB/wi  n      i-jifl  171T  American  Brass  Co.,  The,  1128-1129 

f^ffiSit^^oi7, 1320-  R*—  Copper  &  iWlne.,  1131 

1321 

Bay  Oil  Burner  Co.,  1322-1323  HPE  COVERING   (See  Cowing, 

Simplex  Oil  Heating  Corp.,  1324  Pine) 


Combustion  Equipment  Div.^Todd 

Shipyards  Corp.,  1314 
S.  T.  Johnson  Co.,  1316-1317 
Webster  Engineering  Co.,  The,  1311 

OIL  BURNERS,  Vaporizing 
American  Furnace  Co.,  1080 
H.  C.  Little  Burner  Co.,  1318 
L.  J.  Mueller  Furnace  Co.,  1088-1089 

OIL  BURNERS,  Variable  Capac- 
ity 

Combustion  Equipment  Div.,  Todd 
Shipyards  Corp.,  1314 

Enterprise  Engine  &  Foundry  Co., 
Burner  Div.,  1315 

Simplex  Oil  Heating  Corp.,  1324 


OIL  BURNING  EQUIPMENT 
Ace  Engineering  Co..  1312 
Aldrich  Co.,  1271 
Automatic  Burner  Corp.,  1313 
Combustion  Equipment  Div.,  Todd 

Shipyards    Corp.,    1314 
Enterprise  Engine  &  Foundry  Co,, 

1315 
General  Automatic  Products  Corp., 

1280 
General  Electric  Co.,  (Bloomfield, 

N.   J.),   1068-1069 
H.  C.  Little  Burner  Co.,  1318 
Meyer  Furnace  Co.,  The,  108&-1087 
Petroleum  Heat  &  Power  Co.,  1320- 

1321 

Ray  Oil  Burner  Co.,  1322-1323 
Simplex  Oil  Heating  Corp.,  1324 
Webster  Engineering  Co.,  The,  1311 


Genera^ Electric^Co.,  (Bloomfield,    OIL  TANK:  QAGES    (See  Gageat    PIPE,  Fabricated 

S.  T.  Johnson  Co.,  1316-1317  Ta^  Dravo  Corp.,  1000-1097 

L.  J.  Mueller  Furnace  Co.,  1088-1089  GrirmeU  Co.,  Inc.,  1106-1107 

Pacific   Steel  Boiler  Div.,   U.   S.    rmn?TrF<5    w«^i<it-^ 
Radiator  Corp.,  1289  ORIFICES,  Radiator 

Petroleum  Heat  &  Power  Co.,  1320-   C.  A.  Dunham  Co.,  1350-1354 

1321  Illinois  Engineering  Co.,   1362-1363 

Ray  Oil  Burner  Co.,  1322-1323  Johnson  Service  Co.,  1258-1259 

Simplex  Oil  Heating  Corp.,  1324       Minneapolis-Honeywell     Regulator 
United  States  Radiator  Corp.,  1290-      Co.,  1260-1261 

1291  H.  A.  Thrush  &  Co.,  1334-1335 

Williams  Oil-0-Matic  Div,,  Eureka    Warren  Webster  &  Co.,  1372-1375 
Williams  Corp.,  1325 

PIPE    HANGERS    CSe«    Hanger* 
ORNAMENTAL    GRILLES    (See       Pipe) 
Deflection  Grilles,  Grilles,  Registers 
and  Ornamental  Metal  Work,  Lou- 
vers,    Registers) 


Arthur  Harria  &  Co.,  1241 

FITTINGS    (flee   Pitting®, 


(Set    Furnace 


Pipe) 

PIPE,    Furnaces 

Pipe) 


GIL  BURNERS,  Rotary 

Ace  Engineering  Co.,  1312 
Combustion  Equipment  Div,,  Todd 

Shipyards    Corp.,    1314 
Enterprise  Engine  &  Foundry  Co., 

1315 

S.  T.  Johnson  Co.,  1316-1317 
Johnston  Bros.,  Inc.,  1303 
Petroleum  Heat  &  Power  Co,  1320- 

Ray  Oil  Burner  Co.,  1322-1323 
Simplex  Oil  Heating  Corp.,  1324 


OIL  BURNERS,  Steam  Atomiz- 
ing 

Babcock  &  Wilcox  Co.,  The,  1294 


PANEL    HEATING 

Campbell  Heating  Co.,  1082-1083, 
1094 


Sarcotherm  Control,  inc.,  1370 
PANELS,  Air  Distributing 


PIPE,     Lead 

Eaglo-Picher  Co.,  The,   l&IH 

PIPE,  Returns 

Griaaell  Co.,  Inc.,  1100-1107 

PIPE,  Spiral  Welded 

Taylor  Forge  <ft  Pipe  Works,  1243 

PIPE,    Steel 


Pyle-National    Co.,    The,    (Multi-  Farrar  &  Trefts,  Inc.,  1290 

Vent    Div.),    1228-1229  Grinaell  Co..  lac.,  1100-1107 

Standard  Stamping  &  Perforating  National  Tube  Co.,  1238 

Co.,    1230  Taylor  Forge  &  Pipe  Works,  1243 
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PIPE  SUPPORTS,  For  Under- 
ground  Conduits 
Ric-wiL  Co.,  The,  1385 

PITOT  TUBES  (See  Air  Measuring 
and   Recording    Instruments) 

PLASTER  BASE,  Fire  Retarding 
Celotex  Corp.,  The,  1393 
Johns-Manville,  1398-1399 

PLASTER  BASE,  Insulatlve 
Insulite,     1396-1397 
Johns-Manville,  1398-1399 
Wood  Conversion  Co.,  1405 


PLASTER  BASE,  Sound  Dead- 
ening 

Celotex  Corp.,  The,  1393 
Insulite,     1396-1397 
Johns-Manville,  1398-1399 
Wood  Conversion  Co.,  1405 


PLATES,  Stainless   Steel 
Armco  Steel  Corp.,  1237 
Carnegie-Illinois  Steel  Corp.,   1238 
United   States   Steel   Corp.,   Sub., 
1238 


PSYGHROMETERS      (See      Air 
Measuring,     Indicating    and    Re- 
cording    Instruments] 
American  Moistening  Co.,  1163 
Illinois  Testing  Laboratories.  Inc., 

1256 

Johnson  Service  Co.,  1258-1259 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Moeller  Instrument  Co.,  1262 
Etablissements  Neu,  1226 
Parks-Cramer  Co.,  1071 
Taylor   Instrument   Cos.,   1270 


PUBLICATIONS 

American  Artisan,  1415 

American  Society  of  Refrigerating 
Engineers,  1411 

Coal-Heat,  1412 

Domestic  Engineering,  1413 

Fueloil  &  Oil  Heat,  1414 

Heating   &  Ventilating,  1416 

Heating,  Piping  and  Air  Condition- 
ing, 1415 

Plumbing  and  Heating  Journal, 
1417 

Sheet  Metal  Worker,  1417 

Snips  Magazine,  1418 


PUMP    MOTORS     (See    Motors, 
Electric] 


PLATES,     Steel 

Armco  Steel  Corp.,  1237  . 

Standard  Stamping  ^Perforating 

Co.,    1230 
United   States   Steel   Corp.,   Sub., 

1238 


PRECIPITATING  EQUIPMENT 

Raytheon  Mfg.  Co.,  1147 
Trion,   Inc.,   1151     t 
Westinghouse  Electric  Corp.,  Stur- 
tevant  Div.,   1204-1209 


PREHEATERS,  Fuel  Oil 

Ace  Engineering  Co.,  1312 
Bell  &  Gossett  Co.,  1332-1333 
Patterson-KeUey  Co.,  The,  1167 
Taco  Heaters,  Inc.,  1336 
H.  A.  Thrush  &  Co.,  1334-1335 
Western  Blower  Co.,  1203 


PRESSURE  REDUCING 

VALVES    (See  Regulators,   Pres- 
sure] 


PROCESS  HEATING  UNITS, 

Air  Devices,  Inc.,  1132,  1215 
Niagara  Blower  Co.,  1070 
Trane  Co.,  The,  1122-1123 
L.  J.  Wing  Mfg.  Co.,  1124-1126 


PROCESS    HEATING    UNITS, 
Fluid  Heating  and  Cooling 

Dravo  Corp.,  1096-1097 


PRODUCT  DEVELOPMENT 

United  States  Testing  Co.,  Inc., 
1410 


PROPELLER  FANS   (See  Fans, 
Propeller} 


PUMPS,    Ammonia 

Worthington  Pump    &  Machinery 
Corp.,  1074-1075 

PUMPS,  Boiler  Feed 

Buffalo   Forge   Co.,    1188 

Buffalo  Pumps,  Inc.,   1337 

Chicago  Pump  Co.,  1338 

Crane   Co..    1278-1279 

C.  A.  Dunham  Co.,  1350-1354 

Hoffman  Specialty  Co.,  1356-1359 

Ingersoll-Rand,  1342 

Nash  Engineering  Co.,  The,  1340- 

1341 
Spence  Engineering  Co.,  Inc.,  1268 


PUMPS,     Brine 

Buffalo    Forge   Co.,    1188 
Buffalo  Pumps,  Inc.,   1337 
Chicago  Pump  Co.,  1338 
Ingersoll-Rand.  1342 
Worthington  Pump    &  Machinery 
Corp.,  1074-1075 

PUMPS,    Centrifugal 
Bell  &  Gossett  Co.,  1332-1333 
Buffalo   Forge   Co.,   1188 
Buffalo  Pumps,  Inc.,   1337 
Chicago  Pump  Co.,  1338 
C.  A.  Dunham  Co,,  1350-1354 
Ingersoll-Rand,  1342 
Taco  Heaters,  Inc.,  1336 
Trane  Co.,  The,  1122-1123 
Worthington  Pump   &  Machinery 
Corp.,      1074-1075 


PUMPS,  Circulating  (See  Cir- 
culators] 

Bell  <fc  Gossett  Co.,  1332-1333 

Buffalo  Forge  Co.,  1188 

Buffalo  Pumps,  Inc.,  1337 

Chicago  Pump  Co.,  1338 

Ingersoll-Rand,    1342 

Marsh  Heating  Equipment  Co., 
Sales  Affiliate  of  Jaa.  P.  Marsh 
Corp.,  1361 

Minneapolis-Honeywell  Regulator 
Co.,  1260-1261 


Sarcotherm  Controls,  Inc.,  1370 
Taco  Heaters,  Inc.,   1336 
Trane  Co.,  The,  1122-1123 
Westinghouse  Electric  Corp.,  Box 

868,    Pittsburgh,    1204-1209 
Worthington  Pump  and  Machinery 

Corp.,  1074-1075 

PUMPS,  Condensation 

Buffalo  Forge  Co.,  1188 

Buffalo  Pumps,  Inc.,  1337 

Chicago  Pumps  Co.,  1338 

Crane   Co.,   1278-1279 

C.  A.  Dunham  Co.,  1350-1354 

Hoffman  Specialty  Co.,  1356-1359 

Ingersoll-Rand,  1342 

Nash  Engineering  Co.,  The,  1340- 

1341 

Sterling,  Inc.,  1269 
Trane  Co.,  The  1122-1123 
Westinghouse  Electric  Corp.,   Box 

868,    Pittsburgh,    1204-1209 

PUMPS,    Deep    Well 

A.  D.  Cook,  Inc.,  1339 

PUMPS,  Fuel  Oil 

Ace  Engineering  Co.,  1312 

Detroit  Lubricator  Co.,  Div.  of 
American  Radiator  &  Standard 
Sanitary  Corp.,  1248-1249 

Propellair  Div.,  Robbins  &  Myers. 
Inc.,  1199 

Ray  Oil  Burner  Co.,  1322-1323 

PUMPS,     Sump 
Buffalo   Forge   Co.,   1188 
Buffalo  Pumps,  Inc.,  1337 
Chicago  Pump  Co.,  1338 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  F.  Marsh 

Corp.,    1361 
Propellair  Div.,  Robbins  &  Myers. 

Inc.,   1199 


PUMPS,   Turbine 
Chicago  Pump  Co.,  1338 
A.  D.  Cook,  Inc.,  1339 


PUMPS,  Vacuum 

Chicago  Pump  Co.,  1338 

C.  A.  Dunham  Co.,  1350-1354 

Hoffman  Specialty  Co.,  1356-1359 

Joy   Mfg.   Co.,    1194-1195 

Nash  Engineering  Co.,  The,  1340- 

1341 

Sterling,  Inc.,   1269 
Worthington  Pump    <fc  Machinery 

Corp.,  1074-1075 


PURGERS,    Refrigeration 

Armstrong   Machine   Works,   1346- 
1347 


PYROMETERS,    Portable    and 
Stationary 

Illinois  Testing  Laboratories,  1256 
Minneapolis-Honeywell    Regulator 
Co.,  1260-1261 


RADIANT     HEATING 

Burnham  Corp.,  1277 

Campbell  Heating  Co.,   1082-1083, 

1094 

Crane  Co.,  1278-1279 
Kritzer  Radiant  Coils,  Inc.,  1172 
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Sarcotherm   Controls,   Inc.,    1370 
United  States  Radiator  Corp.,  1290- 
1291 


RADIATION,    Aluminum 
Infra  Insulation,  Inc.,   1272-1275 
Trane  Co.,   The,   1122-1123 
Young  Radiator  Co.,  1127 


RADIATION,    Baseboard,    Fer- 
rous 

American    Radiator    &    Standard 

Sanitary  Corp.,  1272-1275 
Burnham  Corp.,  1277 
Crane  Co.,    1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
Kritzer  Radiant  Coils,  Inc.,  1172 
Rittling  Corp.,  The,  1173 
H.  B.  Smith  Co.,  Inc.,  The,  1285 
Vulcan  Radiator  Co.,  The,  1176 
Weil-McLain   Co.,   1292 


RADIATION,  Baseboard,  Non- 
ferrous 

C.  A.  Dunham  Co.,  1350-1354 
Kritzer  Radiant  Coils,  Inc.,  1172 
Rittling  Corp.,  The,  1173 
Rome-Turney  Radiator  Co.,  The, 

1174 
United  States  Radiator  Corp.,  1290- 

1291 

Vulcan  Radiator  Co.,  The,  1176 
Warren  Webster  &  Co.,  1372-1375 


RADIATION,    Cast-iron 

American  Radiator  &  Standard 
Sanitary  Corp.,  1272-1275 

Burnham  Corp.,  1277 

Crane  Co.,   1278-1279 

D.  J.  Murray  Mfg.  Co.,  1116 

National  Radiator  Co.,  The,  1282- 
1283 

United  States  Radiator  Corp.,  1290- 
1291 

Weil-McLain  Co.,  1292 


RADIATION,    Copper 

Airtherm  Mfg.  Co.,  1093 
C.  A.  Dunham  Co.,  1350-1354 
Fedders-Quigan    Corp.,    1105 
G  &  0  Mfg.  Co.,  The,  1171 
Modine  Mfg.  Co.,  1114-1115 
Rome-Turney  Radiator  Co.,  The, 

1174 

Shaw-Perkins  Mfg.  Co.,  1175 
Trane  Co.,  The,  1122-1123 
Young  Radiator  Co.,  1127 


RADIATION,    Plain    and    Ex- 
tended   Surface 

Fedders-Quigan    Corp.,    1105 
G  &  0  Mfg.  Co.,  The,  1171 
Infra  Insulation,  Inc.,  1407 
Kritzer  Radiant  Coils,  Inc.,  1172 
Modine  Mfg.  Co.,  1114-1115 
Rittiing  Corp.,  The,  1173 
Rome-Turney  Radiator  Co.,  The, 

1174 

Shaw-Perkins  Mfg.  Co.,  1175 
H.  B.  Smith  Co.,  Inc.,  The,  1285 
Trane  Co.,  Inc.,  1122-1123 
Vulcan  Radiator  Co.,  The  1176 
Warren  Webster  &  Co.,  1372-1375 
Young  Radiator  Co.,  1127 


RADIATOR  BRACKETS 

(See  Brackets,  Radiator) 


RADIATOR          ENCLOSURES 

AND    SHIELDS 
American  Flange  &  Mfg.  Co.  Inc., 

1406 
H.  J.  Soraers,  Inc.,  1152-1153 

RADIATOR      HANGERS      (See 
Hangers,    Radiator) 

RADIATOR     HEAT     REFLEC- 
TORS 
Infra  Insulation,  Inc.,  1407 


RADIATORS,  Cabinet 

Crane  Co.,   1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
Fedders-Quigan    Corp.,    1105 
Modine  Mfg.  Co.,  1114-1115 
Shaw-Perkins  Mfg.  Co.,  1175 
United  States  Radiator  Corp.,  1290- 

1291 
Young  Radiator  Co.,  1127 

RADIATORS,    Concealed 

American    Radiator    &    Standard 

Sanitary  Corp.,  1272-1275 
Crane  Co.,   1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
Fedders-Quigan    Corp.,    1105 
Kritzer  Radiant  Coils,  Inc.,  1172 
Modine  Mfg.  Co.,  1114-1115 
Rome-Turney  Radiator  Co.,  The, 

1174 

Warren  Webster  &  Co.,  1372-1375 
Young  Radiator  Co.,  1127 


RANGES  (Cooking,  Hotel,  Hos- 
pital, etc.) 

Air  Devices,  Inc.,  1132,  1215 
Ray  Oil  Burner  Co.,  1322-1323 


RECEIVERS,   Air 

Curtis  Refrigerating  Machine  Div,, 

of  Curtis  Mfg.  Co.,  1178 
Farrar  &  Trefts,  Inc.,  1299 
Joy  Mfg.  Co.,  1194-1195 
Worthington  Pump   &  Machinery 

Corp.,    1074-1075 


RECEIVERS,  Condensation 

Hoffman  Specialty  Co.,  1356-1359 
Illinois  Engineering  Co.,  1362-1363 
Worthington,  Pump   &  Machinery 
Corp.,  1074-1075 


RECEIVERS,  Refrigerants 

Acme  Industries,  Inc.,  1166 
Westinghouse  Electric  Corp.,  Stur- 

tevant   Div.,    1204-1209 
Worthington  Pump   &  Machinery 

Corp.,    1074-1075 

RECORDERS,  Humidity,  Tem- 
perature 

American  Moistening  Co.,  1163 
Electric  Auto-Lite   Co.,  The,  In- 
strument &  Gauge  Div.,  1247 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Moeller  Instrument  Co..  1262 
Powers  Regulator  Co.,  The,  1265 


REFRACTORIES,  Cement,  Ma- 
terials 

Armstrong  Cork  Co.  (Building  Ma- 
terials   Div,),    1391 
Babcock  &  Wilcox  Co.,  The,  1294 


Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 


EQUIP- 


REFRIGERATING 

MENT,  Centrifugal 
Carrier    Corp.,    1004-101)5 
Trane  Co.,  Tho,  1122-1123 
York  Corp.,   1077 


REFRIGERATING 

MENT,    Steam    Jet 
Ingersoll-Rand,     1342 


EQUIP- 


REFRIGERATING     MACHIN- 
ERY 

Airtemp  Div.,  Chrysler  Corp.,  1084- 

1085 

Carrier   Corp.,    1064-1005 . 
Curtis  Ref  ride  rating  Machine  Div., 

of  Curtis  Mfg.  Co.,  1178 
Frick  Co.,  Inc.,  1179 
General   Electric   Co.    (Bloomfield, 

N,   J.),    1008-1069 
Niagara  Blower  Co.,  1070 
Refrigeration  Engineering,  Inc.,  1182 
Servel,  Inc.,  1183 
Trane  Co.,  The.  1122-1123 
Westinghouse  Electric  Corp.,  Stur- 

tevant   Div.r   1204-1209 
York  Corp.,  1077 


REFRIGERATION  CONTROLS 

Alco  Valve  Co.,  Inc..  1245 
Detroit   Lubricator   Co.»    Div,    of 

American  Radiator   &  Standard 

Sanitary  Corp.,  1248-1249 
General  Controls,  1252-1253 
General  Electric  Co.  (Bloomfield, 

N.  J.),   1068-1069 
Hubbell  Corp.,  The,  1255 
Mereoid  Corp.,  The,  1257 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Penn  Electric  Switch  Co.,  1203 


REGISTERS  (Sec  Qrittet,  Lowers) 
American  Foundry  <&  Furnace  Co., 

1078-1079 

Auer  Register  Co.,  The,  1218 
Dole  Valve  Co.,  The,  1377 
Hendrick  Mfg.  Co.,  1224-1225 
Independent    Hegister    Co.,    The, 

1223 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1201 

Pyle-National    Co.,    The,    (Multi- 
Vent  Div.),  1228-1229 
Register  &  Grille  Mfg.  Co.,   Inc., 

1227 
Standard  Stamping  &  Perforating 

Co.,    1230 

Stewart  Mfg,  Co,,  Inc.,  1231 
Titus  Mfg.  Corp,,  1234 
Tuttle  &  Bailey,  Inc.,  1232-1233 
United    Statw    Air    Conditioning 

Corp.,    1073 

United  Statw  Register  Co,,  1235 
Young  Regulator  Co,,  1236 


REGULATORS,  Air  Volume 

American  Foundry  <&  Furnace  Co., 
1078-1079 

Johnson  Service  Co.,  1258-1259 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1201 

Powers  Regulator  Co.,  The,  1206 
Standard  Stamping  &  Perforating 

Co.,  1230 
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REGULATORS,    Damper 
Fulton  Sylphon  Div.,  The,  Robert- 

shaw— Fulton  controls  Co..  1250- 

1251 

Johnson  Service  Co.,  1258-1259 
Mercoid  Corp.,  The,  1257 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Powers  Regulator  Co.,  The,  1265 
Spence  Engineering  Co.,  Inc.,  1268 
Trane  Co.,  The,  1122-1123 
Warren  Webster  &  Co.,  1372-1375 
Young  Regulator  Co.,  1236 


REGULATORS,  Time  Controls  SHEETS,  Special  Finish 

General  Controls,  1252-1253  Armco  Steel  Corp.,   1237 

Minneapolis- Honey  well     Regulator  Carnegie-Illinois   Steel   Corp.,   1238 

Co.,  1260-1261  United    States   Steel   Corp.,   Sub., 

Perfex   Corp.,    1264  1238 


REGULATORS,    Draft 

Simplex  Mfg.  Co.,  1267 

REGULATORS,         Evaporator 
Pressure 

Alco  Valve  Co.,  1245 
Hubbell  Corp.,  The,  1255 

REGULATORS,  Feed  Water 

McDonnell  &  Miller,  Inc.,  1328-1331 
Sarco  Co.,  Inc.,  1368-1369 

REGULATORS,     Furnace 

Mercoid  Corp.,  The,  1257 
Minneapolis- Honey%vell     Regulator 
Co.,  1260-1261 


REGULATORS,   Gas 

General  Controls,  1252-1253 
Minneapolis-Honeywell  Regulator 

Co.,  1260-1261 

Ponn  Electric  Switch  Co.,  1263 
Webster  Engineering  Co.,  The,  1311 

REGULATORS,  Humidity  (See 
Humidity  Control) 

REGULATORS,     Pressure 

Bell  &  Gossett  Co.,  1332-1333, 
C.  A.  Dunham  Co.,  1350-1354 
Fulton  Sylphon  Div.,  The  Robert- 

shaw-Fullon  Controls  Co.,  1250- 

1251 

General  Controls,  1252-1253 
Hofmau  Specialty  Co.,  1356-1359 
Hubbell   Corp.,   The,   1255 
Illinois  Engineering  Co.,  1362-1363 
Johnson  Service  Co.,  1258-1259 
Marsh    Heating    Equipment    Co., 

Sales   Affiliate  of   Jas.  P.  Marsh 

Corp.,    1361 

McDonnell  &  Miller,  Inc.,  1328-1331 
Mercoid  Corp.,  The,  1257 
Monarch  Mfg.  Works,  Inc.,  1165 
Perfex   Corp.,    1264 
Powers  Regulator  Co.,  The,  1265 
Spence  Engineering  Co,,  Inc.,  1268 
Strong,  Carlisle  &  Hammond  Co., 

1367 

Swartwout  Co.,  The,  1214 
Taylor   Instrument   Cos.,   1270 
H.  A.  Thrush  &  Co.,  1334-1335 
Webater  Engineering  Co.,  The,  1277 

REGULATORS,  Remote  Con- 
trol 

Hubbell   Corp.,    1255 

Mercoid  Corp.,  The,  1257 

Minneapolis-Honeywell  Regulator 
Co.,  1260-1261 

Perfex  Corp.,  1264 


REGULATORS,      Temperature 

(See  Temperature  Control) 


RELIEF    VALVES     (See    Valves, 
Relief) 

RUST  INHIBITOR 

Vinco  Co.,  Inc.,  The,  1326-1327 

RUST  AND  SCALE  REMOVER 
Vinco  Co.,  Inc.,  The,  1326-1327 

SAFETY    VALVES    (See    Valves, 
Safety) 

SCREENING  SHADE  (See  Shade 
Screening) 

SEPARATORS,  Air 

Dollinger   Corp.,    1144-1145 
Strong,  Carlisle  &  Hammond  Co., 
1367 

SEPARATORS,  Dust 

Dollinger    Corp.,    1144-1145 
Raytheon  Mfg.,  Co.,  1147 

SEPARATORS,  Oil 

Air-Maze  Corp.,  1106-1107 
Dollinger   Corp.,   1144-1145 
Illinois  Engineering  Co.,  1362-1363 
Warren  Webster  &  Co.,  1372-1375 

SEPARATORS,  Refrigerant  Oil 

Acme  Industries,  Inc.,  1166 

SEPARATORS,   Steam 

Farrar  &  Trefts,  Inc.,  1299 
Illinois  Engineering  Co.,  1362-1363 
Swartwout  Co.,  The,   1214 
Warren  Webster  &  Co.,  1372-1375 

SHADE  SCREENING 
Kaiser    Aluminum     &     Chemical 
Sales,  Inc.,  1379 

SHEETS,   Aluminized    Steel 

Armco  Steel  Corp.,  1237 

SHEETS,  ALUMINUM 
Kaiser     Aluminum     &    Chemical 
Sales,  Inc.,  1379 

SHEETS,   Asbestos,    Flat,   and 
Corrugated 

Johns-Manville,  1398-1309 

SHEETS,  Copper  Alloy 

American  Brass  Co.,  The,  1128-1129 
Revere  Copper  <fe  Brass,  Inc.,  1131 

SHEETS,  Copper  Bearing  Steel 
Armco  Steel  Corp.,  1237 
Carnegie-Illinois  Steel  Corp.,  1238 
United  States   Steel  Corp.,  Sub., 
1238 

SHEETS,    Galvanized 

Armco  Steel  Corp.,  1237 
Carnegie-Illinois  Steel  Corp.,  1238 
United  States   Steel  Corp.,   Sub., 
1238 


SHEETS,    Stainless    Steel 
American  Flange  &  Mfg.  Co.  Inc., 

1406 

Armco  Steel  Corp.,  1237 
Carnegie-Illinois   Steel  Corp.,   1238 

States   Steel   CorP"    Sub" 


SHEETS,     Steel 

American  Flange  &  Mfg.  Co.  Inc.. 

1406 
American  Foundry  &  Furnace  Co., 

1078-1079 

Armco   Steel  Corp.,   1237 
Carnegie-Illinois   Steel   Corp.,   1238 
United   States   Steel   Corp.,   Sub., 

1238 


SHUTTERS,    Automatic 

American  Coolair  Corp.,  1185 
Dole  Valve  Co.,  The,  1377 
General  Blower  Co.,  1191 
Ilg  Electric  Ventilating  Co.,   1108. 

1193 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Herman  Nelson  Corp.,  The,  1118- 

1119 

New  York  Blower  Co.,  The,  1198 
Standard  Stamping  &   Perforating 

Co.,  1230 

United  States  Register  Co.,  1235 
L.  J.  Wing  Mfg.  Co.,  1124-1126 

SKYLIGHTS,   Insulated 

American  3  Way-Luxfer  Prism  Co., 
1387 


SMOKE  DETECTORS   (For  Air 

Conditioning  Systems) 
Photoswitch,     Inc.,     (Affiliate     of 

Combustion  Control  Corp.),  1246 


SMOKE   ELIMINATORS 

Fly  Ash  Arrestor  Corp.,  The,  1293 

SOOT   DESTROYER 
Vinco  Co.,  Inc.,  The,  1326-1327 


SOUND  DEADENING,  Insula- 
tion 

Celotex  Corp.,  The,  1393 
Gilman  Bros.  Co.,  The,  1395 
Insulite,      1396-1397 
Johns-Manville,  1398-1399 
Mundet  Cork  Corp.,  1392 
Pacific  Lumber  Co.,  The,  1404 
Wood  Conversion  Co.,  1405 


SOUND  DEADENING   (See    Vi- 
bration, Absorbers) 


SPRAY     DRYER      (See     Spray 
Equipment) 


SHEETS,    High    Tensile  SPRAY     EQUIPMENT 

Carnegie-Illinois  Steel  Corp.,  1238  Monarch  Mfg.  Works,  Inc.,  1165 

United   States   Steel   Corp.,   Sub.,  D.  J.  Murray  Mfg.  Co.,  1116 

1238  J-  F.  Pritchard  &  Co.,  1161 
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Westinghouse  Electric  Corp.,  Stur- 

tevant   Div.,   1204-1209 
Yarnall-Waring  Co.,  1376 

SPRAY     NOZZLE     COOLING 

SYSTEM 

Binks  Mfg  Co.,  1156-1157 
Lille-Hoffmann     Cooling     Towers, 

Inc.,   1159 

Marley  Co  ,  Inc.,  The,  1160 
Monarch  Mfg.  Works,  Inc.,  1165 
D.  J.  Murray  Mfg.  Co.,  1116 
J.  F.  Pritchard  &  Co.,  1161 
United    States    Air    Conditioning 


STRAINERS,  Dirt 

V.  D.  Anderson  Co.,  The,  1344-1345 

Armstrong   Machine   Works,   1346- 

1347 

C.  A.  Dunham  Co.,  1350-1354 
Hoffman   Specialty  Co.,    1356-1359 
Illinois  Engineering  Co.,  1362-1363 
Sarco  Co.,  Inc.,  1368-1369 
Standard  Stamping  &  Perforating 

Co.,  1230 
Strong,  Carlisle  &  Hammond  Co., 

1367 
Warren  Webster   &  Co.,    1372-1375 


Corp.,  1073  .  STRAINERS,  Oil 

Westinghouse  Electric  Corp.,  Stur- 


tevant   Div.,    1204-1209 
Yarnall-Waring  Co.,  1376 

SPRAY    NOZZLES 

American  Moistening  Co.,  1163 

Bahnson  Co.,  The,  1062-1063 

Binks  Mfg.  Co.,  1156-1157 

Buffalo  Forge  Co.,  1188 

Buffalo  Pumps,  Inc.,  1337 

W   B    Connor  Engineering  Corp., 

1140-1143,  1220-1221 
Marley  Co.,  Inc.,  The,  1160 
Jos.  A.  Martocello  &  Co.,  1164 
Monarch   Mfg.   Works,    Inc.,    1165 
D.  J.  Murray  Mfg.  Co.,  1116 
Parks-Cramer    Co.,    1071 
J.  J,  Pritchard  &  Co.,  1161 
Water  Cooling  Equioment  Co.,  1162 
Westinghouse  Electric  Corp.,  Stur- 

tevant   Div.,    1204-1209 
Yarnall-Waring  Co.,  1376 


Ace  Engineering  Co.,  1312 

V.  D.  Anderson  Co.,  The,  1344-1345 

Armstrong   Machine   Works,    1346- 

1347 

Bell  &  Gossett  Co.,  1332-1333 
Detroit    Lubricator   Co.,    Div.    of 

American  Radiator    &  Standard 

Sanitary    Corp.,    1248-1249 
Hubbell  Corp.,  1255 
Monarch   Mfg.    Works,   Inc.,    1165 
Sarco  Co.,  Inc.,  1368-1369 
Spence  Engineering  Co.,  Inc.,  1268 
Standard  Stamping  &  Perforating 

Co.,  1230 
Strong,  Carlisle  &  Hammond  Co., 

1367 


Minneapolis -Honey  well     Regulator 
Co,  1260-1261 

SWITCHES,  Float 

Alco  Valve  Co.,  1245 

General  Electric  Co.  (Schenecfcadv 

N.  Y.),  1210-1211 

McDonnell  &  Miller,  Inc.,  1328-1331 
Westinghouse  Electric   Corp.,    Box 

868,  Pittsburgh,  1204-1209 

SWITCHES,  Flow  Control 
McDonnell  &  Miller,  Inc.,  1328-1331 

SWITCHES,  Mercury 

General  Electric  Co.  (Schenectady, 

N.Y.),  1210-1211 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 


SWITCHES,  Stack  Safety 

Detroit  Lubricator  Co.,  Div.  of 
American  Radiator  &  Standard 
Sanitary  Corp.,  1248-1249 

Minneapolis-Honeywell  Regulator 
Co.,  1260-1261 

Penn    Electric    Switch    Co.,    1263 


STACKS,  Steel 
Brownell  Co.,  The,  1295 
Farrar  &  Trefts,  Inc.,  1299 

STEAM    GENERATORS,    Unit 
Combustion    Engineering  -  Super- 
heater, Inc.,  1296 
Cyclotherm    Corp.,    1297 
Foster  Wheeler  Corp.,  1158 
Johnston  Brothers,  Inc.,  1303 
Vapor  Heating  Corp.,  1371 
Wortoington  Pump    &  Machinery 
Corp.,  1074-1075 

STEAM    HEATING     SYSTEMS 

(See     Heating    Systems,     Steam] 


STOKER  MOTORS  (See  Motors, 
Electric) 

STOKERS,  Mechanical,  Anthra- 
cite 

Air  temp  Div.,  Chrysler  Corp.,  1084- 
1085 

Combustion  Engineering-Super- 
heater, Inc.,  1296 

General  Automatic  Products  Corp., 
1280 


STOKERS,  Mechanical  Bitu- 
minous 

Airtemp  Div..  Chrysler  Corp., 
1084-1085 

Brownell  Co.,  The,  1295 

Combustion  Engineering-Super- 
heater, Inc.,  1296 

Crane  Co.,  1278-1279 

General  Automatic  Products  Corp., 
1280 

Meyer  Furnace  Co.,  The,  1086-1087 

Westinghouse  Electric  Corp.,  Box 
868,  Pittsburgh,  1204-1209 


Hubbell  Corp.,  The,  1255 
Sarco  Co.,  Inc.,  1368-1309 


STRAINERS,  Steam 

Alco  Valve  Co.,  1245 

V.  D.  Anderson  Co.,  The,  1344-1345 

Armstrong   Machine   Works,    1346- 

1347 

Crane  Co.,   1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
Illinois  Engineering  Co.,  1362-1363 
Sarco  Co.,  Inc.,  1368-1309 
Spence  Engineering  Co.,  Inc.,  1268 
Sterling,  Inc.,  1269 
Strong,  Carlisle  &  Hammond  Co., 

1367 
Trane  Co.,  The,  1122-1123 


STRAINERS,  Water 

Alco  Valve  Co.,  1245  | 

V.  D.  Anderson  Co.,  The,  1344-1345 

Armstrong   Machine    Works,   1346- 

1347 

Illinois  Engineering  Co.,  1362-1363 
Monarch  Mfg.    Works,   Inc.,    1165 
Sarco  Co.,  Inc.,  1368-1369 
Spence  Engineering  Co.,  Inc..  1268 
Strong,  Carlisle  &  Hammond  Co., 

1367 

Trane  Co.,  The,  1122-1123 
Yarnall-Waring  Co.,  1376 


STRAINERS,  Well  Tube 

A.  D.  Cook,  Inc.,  1339 

SWITCHES,  Electric  and  Time 

Detroit  Lubricator  Co.,  Div.  of 
American  Radiator  &  Standard 
Sanitary  Corp.,  1248-1249 

General  Electric  Co.  (Schenectady, 
N.  Y.),  1210-1211 


STRAINERS,  Refrigerant  TANK  COILS    (See  Coih<   T™» 

Alco  Valve  Co.,  1245 

Detroit    Lubricator   Co.,    Div.    of   TANK  COVERING  (See  Covering 

American  Radiator   &  Standard       Pipe) 

Sanitary    Corp.,    1248-1249 

TANK   HEATERS    <* 


TANKS,  Blow-off 
Farrar  &  Trefts,  Inc.,  1299 


TANKS,  Pressure 

Brownell  Co.,  The,  1295 

Farrar  <fe  Trefts,  Inc.,  1290 

H.   A.   Thrush    &   Co.,    1334-1333 

Trano  Co.,  The,  1122-1123 


TANKS,  Storage 
Farrar  &  Trefta,  Inc.,  1299 
National  Radiator  Co.,  The,  1282- 

1283 
Western  Blower  Co.,  1203 


TEMPERATURE     CONTROL 

American,  Flange  &  Mfg.  Co,  Inc., 

1406 

Crane  Co.,  1278-1279 
Detroit   Lubricator   Co.,    Div.   of 

American  Radiator  &  Standard 

Sanitary  Corp.,  1248-1249 
Fulton  Sylphon  Div.,  The,  Robert- 

shaw-Fultoa  Controls  Co.,  1250- 

1251 

General  Controls,  1252-1253 
Hoffman  Specialty  Co.,   1356-1359 
Illinois  Engineering  Co.,  1362-1363 
Illinois  Testing  Laboratories,  Inc., 

1256 

Johnson  Service  Co.,  1258-1259 
Marsh    Heating    Equipment   Co., 

Sales  Affiliate  of  Jos.  P.  Marsh 

Corp.,  1361 

Mercoid  Corpy  The,  1257 
Minneapolis- Honeywell    Eegulator 

Co.,  1260-1201 

Penn  Electric  Switch  Co.,  1203 
Perfex  Corp.,  1204 
Powers  Regulator  Co,,  The,  120$ 
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Sarco  Co  ,  Inc.,  1368-1369 
S pence  Engineering  Co.,  Inc.,  1268 
Warren  Webster    &  Co.,   1372-1375 
Yarnall- Waring  Co.,  1376 
Young  Regulator  Co.,  1236 


TEMPERING  VALVES 
(See  Valves,  Tempering] 


TESTING  LABORATORY 
United  States  Testing  Co.,  Inc.,  1410 


THERMOMETERS,        Distance 

Type 

Electric    Auto-Lite   Co.,    The    In- 
strument   &    Gauge    Div.,    1247 
Fulton  Sylphon  Div.,  The,  Robert- 

shaw-Fulton  Controls  Co.,  1250- 

1251 
Illinois  Testing  Laboratories,  Inc., 

1256 

Johnson  Service  Co.,  1258-1259 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,  1361 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Moeller  Instrument  Co.,  1262 
Powers  Regulator  Co.,  The,   1265 
Sarco  Co.,  Inc.,  1368-1369 
Taylor  Instrument  Cos.  1270 


THERMOMETERS ,     Indicating 
Electric  Auto-Lite   Co.,    The,   In- 
strument   &    Gauge    Div.,    1247 
Fulton  Sylphon  Div.,  The,  Robert- 

a  haw-Fulton  Controls  Co.,  1250- 

1251 
Illinois  Testing  Laboratories,  Inc., 

1256 

Johnson     Service     Co.,     1258-1259 
Marsh    Heating    Equipment    Co., 

Sales  Affiiliate  of  Jas.  P.  Marsh 

Corp.,  1361 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Moeller  Instrument  Co.,  1262 
Powers  Regulator  Co.,  The,   1265 
Sarco  Co.,  Inc.,  1368-1360 
Taylor  Instrument  Cos.,  1270 

THERMOMETERS,     Recording 

Electric  Auto-Lite  Co.,  The,   In- 
strument   &    Gauge    Div.,    1247 
Johnson  Service  Co.,  1258-1259 
Marsh    Heating    Equipment    Co., 
Sales  Affiliate  of  Jas.  P.  Marsh 
Corp.,  1361 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Moeller  Instrument  Co.,  1262 
Powers   Regulator  Co.,  The,   1265 
Taylor  Instrument  Cos.,  1270 

THERMOSTATS 

Crane  Co.,  1278-1279 

Detroit   Lubricator   Co.,    Div.   of 

American  Radiator   &  Standard 

Sanitary  Corp.,  1248-1249 
Fulton  Sylphon  Div.,  The,  Robert- 

shaw-Fulton  Controls  Co.,  1250- 

1251 

General    Controls,    1252-1253 
Hoffman  Speciality  Co.,  1356-1359 
Johnson     Service     Co.,     1258-1259 
Mercoid  Corp.,  The,  1257 
Minneapolis-Honeywell    Regulator 

Co.,  1360-1361 

Penn  Electric  Switch  Co.,  1263 
Perfex  Corp.,  1264 

Powers  Regulator  Co.,  The,   1265 
Sarco  Co.,  Inc.,  1368-1369 


H.  A.  Thrush  &  Co.,  1334-1335 
Vapor  Heating  Corp.,  1371 
Westinghouse  Electric  Corp.,  Box 
868,  Pittsburgh,  1204-1209 

TIME  SWITCHES,  (See  Switches, 
Electric  and  Time) 

TIMERS,  Electric,  Interval 
General  Electric  Co.,  (Schenectady, 

N.  Y.),  1210-1211 

Photoswitch,  Inc.,   (Affiliate  Com- 
bustion   Controls     Corp.),    1246 


C.  A.  Dunham  Co.,  1350-1354 
Grinnell  Co.,  Inc.,   1106-1107 
William  S.  Haines  &  Co.,  1355 
Hoffman   Specialty   Co.,   1356-1359 
Illinois  Engineering  Co.,  1362-1363 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh. 

Corp.,  1361 

W.  H.  Nicholson  &  Co.,  1364-1365 
Powers   Regulator   Co.,   The,   1265 
Sarco  Co.,  Inc.,  1368-1369 
Sterling,  Inc.,  1269 
Trane  Co.,  The,  1122-1123 
Warren  Webster   &  Co.,    1372-1375 


TIMERS,  Electric,  Sequence 

Combustion    Control    Corp.,    1246 
General  Electric  Co.,  (Schenectady, 
N.  Y.),  1210-1211 

TIN  PLATE 

Carnegie-Illinois  Steel    Corp.,  1238 
United   States    Steel    Corp.,   Sub., 
1238 


TOWERS,  Cooling,  (See  Cooling 
Towers) 


TRANSFORMERS 

Aldrich  Co.,  1271 

General  Controls,   1252-1253 

General  Electric  Co.  (Schenectady, 

N.  Y.),  1210-1211 
Raytheon  Mfg.  Co.,  1147 
Wagner  Electric  Corp.,  1212 
Westinghouse  Electric  Corp.,  Box 

868,    Pittsburgh,    1204-1209 


TRAPS,  Air 

V.  D.  Anderson  Co.,  The,  1344-1345 
Armstrong   Machine   Works,    1346- 

1347 
W.  H.  Nicholson  &  Co.,  1364-1365 


TRAPS,  Bucket 

V.  D.  Anderson  Co.,  The,  1344-1345 
Armstrong  Machine  Works,   1346- 

1347 

Crane  Co.,  1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
Hoffman  Speciality  Co.,  1356-1359 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,  1361 

Sarco   Co.,   Inc.,   1368-1369 
Strong,  Carlisle  &  Hammond  Co., 

1367 
Trane  Co.,  The,  1122-1123 

TRAPS,  Float 

V.  D.  Anderson  Co.,  The  1344-1345 
Armstrong   Machine   Works,   1346- 

1347 

Barnes  &  Jones,  Inc.,  1348 
Crane  Co.,  1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
William    S.    Haines    &    Co.,    1355 
Illinois  Engineering  Co,,  1362-1363 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,  1361 

W.  H.  Nicholson  &  Co.,  1364-1365 
Sarco  Co.,  Inc.,  1368-1369 
Trane  Co.,  The,  1122-1123 

TRAPS,  Float  and  Thermostatlc 

V.  D.  Anderson  Co.,  The,  1344-1345 
Barnes  &  Jones,  Inc.,  1348 


TRAPS,  Radiator 

Barnes  &  Jones,  Inc.,  1348 
Crane  Co.,  1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
Grinnell  Co.,  Inc.,   1106-1107 
William  S.  Haines  &  Co.,  1355 
Hoffman   Specialty  Co.,    1356-1359 
Illinois  Engineering  Co.,  1362-1363 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,  1361 

W.  H.  Nicholson  &  Co.,  1364-1365 
Sarco  Co.,  Inc.,  1368-1369 
Sterling,  Inc.  1269 
Trane  Co.,  The,  1122-1123 
United     States     Radiator     Corp., 

1290-1291 
Warren  Webster    &  Co.,   1372-1375 

TRAPS,  Re  turn 

Crane  Co.,  1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
William  S.  Haines  &  Co.,  1355 
Hoffman   Specialty  Co.,   1356-1359 
Illinois  Engineering  Co.,  1362-1363 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,  1361 

Sarco  Co.,  Inc.,  1368-1369 
Trane  Co.,  The,  1122-1123 

TRAPS,  Scale 

Illinois  Engineering  Co.,    1362-1363 
Sarco  Co.,  Inc.,  1368-1369 

TRAPS,  Scale,  Refrigerant 

Henry  Valve  Co.,  1254 

TRAPS,  Steam 

V,  D.  Anderson  Co.,  The,  1344-1345 
Armstrong   Machine    Works,    1346- 

1347 

Barnes  &  Jones,  Inc.,  1348 
Crane  Co.,  1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
Hoffman   Specialty  Co.,    1356-1359 
Illinois  Engineering  Co.,   1362-1363 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.   P.  Marsh 

Corp..  1361 

W.  H.  Nicholson  &  Co.,  1364-1365 
Sarco  Co,,  Inc.,  1368-1369 
Strong,  Carlisle  <fc  Hammond  Co., 

1367 

Trane  Co.,  The,  1122-1123 
Vapor  Heating  Corp.,  1371 
Warren  Webster   &  Co.,    1372-1375 
Yarnall-Waring  Co.,  1376 


TRAPS,  Thermostatic 

Barnes  &  Jones,  Inc.,  1348 
Crane  Co.,  1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
Grinnell  Co,,  Inc.,  1106-1107 
William  S.  Haines  &  Co.,  1355 
Hoffman  Specialty  Co.,   1356-1359 
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Illinois  Engineering  Co.,  1362-1363 
Marsh    Heating    Equipment    Co , 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,  1361 

W.  H.  Nicholson  &  Co.,  1364-1365 
Powers   Regulator   Co.,   The,    1265 
Sarco  Co.,  Inc.,  1368-1369 
Sterling,  Inc.,  1269 
Trane  Co.,  The,  1122-1123 
United     States     Radiator     Corp. 

1290-1291 
Warren  Webster   &  Co.,   1372-1375 


TRAPS,  Vacuum 

V.  D.  Anderson  Co.,  The,  1344-1345 
Armstrong   Machine   Works,    1346- 

1347 

Barnes  &  Jones,  Inc.,  1348 
William  S.  Haines   &  Co.,  1355 
Illinois  Engineering  Co.,  1362-1363 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.   Marsh 

Corp.,  1361 
Strong,  Carlisle  &  Hammond  Co., 

1367 


TUBES,  Boiler 

Babcock  &  Wilcox  Tube  Co.,  The 

1294 
National  Tube  Co.,  1238 


TUBES,  Copper 

American  Brass  Co.,  The,  1128-1129 
Revere  Copper  &  Brass,  Inc.,  1131 

TUBES,  PItpt  (See  Air  Measuring 
and  Recording  Instruments] 

TUBING,  Aluminum 

Revere  Copper  &  Brass,  Inc.,  1131 

TUBING,  Copper 

American  Brass  Co.,  The,  1128-1129 

Revere  Copper  &  Brass,  Inc.,  1131 

TUBING,  Fabricated 

Revere  Copper  &  Brass,  Inc.,  1131 


TUBING,  Finned 
Aerofin  Corp.,  1168-1170 
G  &  O  Mfg.  Co.,  The,  1171 
Kittling  Corp.,  The,  1173 
Rome-Turney  Radiator  Co.,  The, 

1174 
Vulcan  Radiator  Co.,  The,  1176 


TUBING,  Flexible  Metallic 

American  Brass  Co.,  The,  1128-1129 
Chicago  Metal  Hose  Corp.,  1130, 1240 

TUBING,  Steel 

Armco  Steel  Corp.,  1237 
National  Tube  Co.,  1238 
Revere  Copper  &  Brass,  Inc.,  1131 


TURBINES 

General  Electric  Co.  (Schenectady, 

N.  Y.),  1210-1211 
Weatinghouse  Electric   Corp.,   Box 

868,  Pittsburgh,  1204-1209 
L.    J.    Wing   Mfg.    Co.,    1124-1126 


UNDERGROUND  PIPE  CON- 
DUITS  (See  Conduits,  Under- 
ground Pipe) 


UNIT    HEATERS    (See    Heaters,    VALVES,  By -Pass 
Unit)  General  Controls,  1252-1253 

Jenkins  Bros.,  1378 
Minneapolis-Honeywell     Regulator 
Co.,  1260-1261 


UNIT       VENTILATORS 
Ventilators,  Unit) 


(See 


UNITS,   Air   Conditioning 
Air  Conditioning  Units) 


(See 


VALVES,  Check 


Grmnell  Co.,  Inc.,  1106-1107 
Hammond   Brass    Works,    1360 
Henry  Valve  Co.,  1254 
VACUUM  HEATING  SYSTEMS    Hubbell  Corp.  The,  1255 
fn  n    ,  Tr  %    Jenkins  Bros.,  13/8 

(See  Heating   Systems,    Vacuum)    Ohio  Brass  Co.,  1306 

VACUUM       REFRIGERATING    VALVES,  Corrosion  Resisting 

SYSTEMo  £          «      1278-1279 

Ingersoll-Rand,  1342  Jenkins  Bros.,  1378 


VALVES,  Air 

Crane  Co.,  1278-1279 

Detroit    Lubricator   Co.,    Div.    of 

American  Radiator   &  Standard 

Sanitary  Corp.,  1248-1249 
Dole  Valve  Co.,  The,  1377 
Hammond   Brass   Works,    1300 
Hoffman   Specialty   Co.,    1350-1359 
Jenkins  Bros.,  1378 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of   Jas,   P.    Marsh 

Corp.,  1361 

W.  H.  Nicholson  &  Co.,  1364-1365 
Ohio  Brass  Co,,  1366 
Trane  Co.,   The,   1122-1123 


VALVES,  Diaphragm 

Crane  Co.,  1278-1270 

General  Controls,  1252-1253 

Grmnell   Co.,   Inc.,   1106-1107 

Henry  Valve  Co.,  1254 

Hubbcll  Corp.,  1255 

Johnson  Service  Co.,  1258-1259 

Minneapolis- Honey  well     Regulator 

Co.,  1200-12(51 
National  Radiator  Co.,  The,  1282- 

1283 

Powers   Regulator  Oo,f   The,    1205 
Taylor  Instrument  Cos.,  1270 


VALVES,     Angle,     Globe     and 
Cross 

Crane  Co.,  1278-1279 
FrickCo.,  Inc.,  1179 
Grinncll  Co.,  Inc.,  1106-1107 
Hammond  Brass  Works,  1360 
Henry  Valve  Co.,  1254 
Jenkins  Bros.,  1378 
Ohio  Brass  Co.,  1360 
United     States     Radiator     Corp., 
1290-1201 


VALVES,  Automatic 

Fulton  Sylphon  Div.,  The,  Robert- 

shaw-Fulton  Controls  Co.,  1250™ 

1251 

General  Controls,  1252-1253 
Hubbell  Corp.,  The,  1255 
Marsh    Heating    Equipment    Co. 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,  1301 
McDonnell    &   Miller,   Inc.,   1328- 

1331 
Minneapolis-Honeywell     Regulator 

Co.,  1200-1261 
Sarcotherm    Controls,    Inc.,     1370 


VALVES,  Back  Pressure 

Alco  Valve  Co.,  1245 
General  Controls,   1252-1253 
Hubbell  Corp,,  The,  1255 
Illinois  Engineering  Co.,  1302-1303 


VALVES,  Balanced 
General  Controls,  1252-1253 
Illinois  Engineering  Co.,   1362-1363 
McDonnell  &  Miller,  Inc.,  1328-1331 
Minneapolis- Honey  well     Regulator 
Co.,  1260-1261 


VALVES,  Blow  off 

Jenkins  Bros,,  1378 

McDonnell  &  Miller,  Inc.,  1328-1331 

Yarnall- Waring  Co.,  1376 


VALVES,  Expansion 

Alco  Valve  Co.,  1245 

Crane  Co.,  1278-1279 

Detroit  Lubricator  Co.,  Div.  of 
American  Radiator  *t  Standard 
Sanitary  Corp.,  1248-1249 

General  Controls,  1252-1253 

Henry  Valve  Co.,  1254 

VALVES,  Float 

Alco  Valve  Co.,  1245 

Detroit<  Lubricator  Co.,  Div.  of 
American  Radiator  *&  Standard 
Sanitary  Corp.,  1248-1249 

Hubbell  Corp.,  1255 

Illinois  Kiwneerinsj  Co.,  IM2-I3M 

McDonnell  &  Miller,  Inc.,  t&2H-mi 

Minneapolis- Honey  well  Regulator 
Co.,  12HO-1201 

VALVES,   Flow    Control 

Beii  &  (Jowtt  Co.,  ma-urn 

Crane  Co.,    1278-127U 
General  _  ( Jontrols,  1252  -1 2,13 
Illinois  Knttint'Orinij  Co.,   i!M2'13<i3 
Marsh    Heating    Equipment.    Co,, 

ftale.s  Affiliate  of  Jaw.   P.   Marsh 

Corp.,  1301 

McDonnell  <fe  Miller,  Inc.,  1328- 1331 
Mirmcupolw-lloneywell     Regulator 

Co.,  12IXH201 
Ohio  Brass  Co.,  1300 
Taco  Heater^  Inc.,  1336 
Taylor  Instrument  Cos.,  1270 
H.  A.  Thrtwh  &  Co.,  1334- 1 335 
United    States     Radiator    Corp., 

1290-1291 

VALVES.  Gas 

Detroit  Lubricator  Co.,  Hiv.  of 
American  Radiator  A  Standard 
Sanitary  Corp.,  1248-1249 

Hammond  Bnw  Worlw,  1360 

Henry  Valve  Co.  ,1254 

Jenkins  Bros,,  1378 

Minneapolis- Honeywell  Regulator 
Co.,  1260-1261 

Ohio  Brass  Co.,  1300 

Perfex  Corp.,  1204 
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VALVES,  Gate 
Crane   Co.,   1278-1279 
General  Controls,  1252-1253 
Grinneii  Co.,  Inc.,   1106-1107 
Hammond    Brass    Works,    1360 
Jenkins  Bros.,   1378 
Ohio  Brass  Co.,  1366 


VALVES,  Hydraulic 

Jenkins  Bros.,  1378 

W.  H.  Nicholson  &  Co  ,  1364-1365 

Yarnull- Waring  Co.,  1376 

VALVES,  Magnetic 
Alco  Valve  Co.,  1245 
General  Controls,  1252-1253 
Hook   &  Ackerman,  1281 
Hubbell  Corp.,  The,  1255 
McDonnell  &  Miller,  Inc.,  1328-1331 
Minneapolis-Honeywell     Regulator 
Co.,  1260-1261 

VALVES,  Mixing,  Thermostatic 

Dole  Valve  Co.,  The,  1377 

Fulton  Sylphon  Div.,  The,  Robert- 

shaw-Fulton  Controls  Co.,  1250- 

1251 
Minneapolis- Honey  well     Regulator 

Co.,  1260-1261 

Powers   Regulator  Co.,  The,  1265 
Sarco  Co.,  Inc.,  1368-1369 


VALVES,  Motor  Operated 
Bell  &  Gossett  Co.,  1332-1333 
General  Controls,  1252-1253 
Illinois  Engineering  Co.,  1362-1363 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

W.  H.  Nicholson  &  Co.,  1364-1365 
Sarco  Co.,  Inc.,  1368-1369 
Taylor   Instrument   Cos.,   1270 
Warren  Webster  &  Co.,  1372-1375 


VALVES,  Non-Return 
Illinois  Engineering  Co.,  1362-1363 
Jenkins  Bros.,  1378 
Ohio  Brass  Co.,  1366 


VALVES,  Paddess 

C.  A.  Dunham  Co.,  1350-1354 

Fulton  Sylphon  Div.,  The,  Robert- 

e haw-Fulton  Controls  Co.,sl250- 

1251 

General    Controls,    1252-1253 
Henry  Valve  Co.,  1254 
Hoffman  Specialty  Co.,  1356-1359 
Illinois  Engineering  Co.,  1362-1363 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P,  Marsh 

Corp.,  1361 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Ohio  Brass  Co.,  1366 
Powers  Regulator  Co.,   The,   1265 
Sarco  Co.,  Inc.,  1368-1369 


VALVES,     Pressure     Reducing 

(See  Regulators,  Pressure) 


VALVES,  Radiator 

American  Radiator  <fe  Standard 
Sanitary  Corp.,  1272-1275 

Barnes  &  Jones,  Inc.,  1348 

Crane  Co.,   1278-1279 

Detroit  Lubricator  Co.,  Div.  of 
American  Radiator  &  Standard 
Sanitary  Corp.,  1248-1249 

C.  A.  Dunham  Co.,  1350-1354 


Fulton  Sylphon  Div.,  The,  Robert- 
shaw-Fulton  Controls  Co.,  1250- 

Grinneii  Co.,  Inc.,  1106-1107 
Hammond   Brass    Works,    1360 
Hoffman   Specialty  Co.,    1356-1359 
Illinois  Engineering  Co.,  1362-1363 
Jenkins  Bros.,  1378 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.  P.  Marsh 

Corp.,  1361 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Ohio  Brass  Co.,  1366 
Sarco  Co.,  Inc.,  1368-1369 
Sterling,   Inc.,   1269 
Taco  Heaters,  Inc.,  1336 
Trane  Co.,   The,    1122-1123 
United     States     Radiator    Corp., 

1290-1291 


VALVES,    Radiator    Orifice 

Barnes  &  Jones,  Inc.,  1348 
C.  A.  Dunham  Co.,  1350-1354 
Grinneii  Co.,  Inc.,  1106-1107 
Hammond  Brass  Works,  1360 
Illinois  Engineering  Co.,  1362-1363 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Sarco  Co.,  Inc.,  1368-1369 
Warren  Webster    &  Co.,  1372-1375 


VALVES,  Radiator,  Pneumatic 
Diaphragm 

Johnson     Service     Co.,     1258-1259 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Powers    Regulator  Co.,   The,   1265 

VALVES,  Reducing 

Bell  &  Gossett  Co.,  1332-1333 
Crane  Co.,   1278-1279 
C.  A.  Dunham  Co.,  1350-1354 
Fulton  Sylphon  Div.,  The,  Robert- 

shaw-Fulton  Controls  Co.,  1250- 

1251 

Illinois  Engineering  Co.,  1362-1363 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 
Strong,  Carlisle  &  Hammond  Co.. 

1367 

Swartwout  Co.,  The,  1214 
Taco  Heaters,  Inc.,  1336 
Taylor  Instrument  Cos.,  1270 
H.  A.  Thrush  &  Co,,  1334-1335 

VALVES,  Refrigerant  Line 

Alco  Valve  Co.,  1245 

Detroit  Lubricator  Co.,  Div.  of 
American  Radiator  &  Standard 
Sanitary  Corp.,  1248-1249 

Hammond   Brass   Works,   1360 

Henry  Valve  Co.,  1254 

Jenkins  Bros.,  1378 

VALVES,  Relief 

Bell  &  Gossett  Co.,  1332-1333 
Henry  Valve  Co.,  1254 
Hubbell  Corp.,  The,  1255 
Marsh    Heating    Equipment    Co., 

Sales  Affiliated  of  Jas.  P.  Marsh 

Corp.,  1361 

McDonnell  &  Miller,  Inc.,  1328-1331 
Monarch   Mfg.    Works,    Inc.,    1165 
Taco  Heaters,  Inc.,  1336 
H.   A.   Thrush    &   Co.,   1334-1335 
Trane  Co.,  The,  1122-1123 

VALVES,  Safety 

General    Controls,    1252-1253 
Henry  Valve  Co.,  1254 
Hubbell  Corp.,  The,  1255 
McDonnell  &  Miller,  Inc.,  1328-1331 


VALVES,  Solenoid 

Alco  Valve  Co.,  1245 

Detroit    Lubricator    Co.,    Div.    of 

American  Radiator   &  Standard 

Sanitary    Corp.,    1248-1249 
General  Controls,  1252-1253 
General  Electric  Co.  (Schenectady, 

N.  Y.),  1210-1211 
Hubbell  Corp.,  The,  1255 
McDonnell  &  Miller,  Inc.,  1328-1331 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

W.  H.  Nicholson  &  Co.,  1364-1365 
Penn  Electric  Switch  Co.,  1263 
Spence  Engineering  Co.,  Inc.,  1268 

VALVES,  Stop  and  Check  (See 
Valves,     Non-Return) 

VALVES,  Tempering 
Dole  Valve  Co.,  The,  1377 
Fulton  Sylphon  Div.,  The,  Robert  - 

shaw-Fulton  Controls  Co.,  1250- 

1251 
Minneapolis-Honeywell     Regulator 

Co.,  1260-1261 

Powers   Regulator  Co.,   The,   1265 
Sarco  Co.,  Inc.,  1368-1369 
Taco  Heaters,  Inc.,   1336 

VALVES,  Thermostatic 

Alco  Valve  Co.,  1245 
Crane  Co.,  1278-1279 
Detroit  Lubricator  Co.,  Div.  of 

American  Radiator   &  Standard 

Sanitary    Corp.,    1248-1249 
Fulton  Sylphon  Div.,  The,  Robert- 

shaw-Fulton  Controls  Co.,  1250- 

1251 

General  Controls,  1352-1353 
Illinois  Engineering  Co.,  1362-1363 
Marsh    Heating    Equipment    Co., 

Sales   Affilate  of  Jas.   P.   Marsli 

Corp.,  1361 
Minneapolis-Honeywell     Regulator 

Co.,    1260-1261 

Powers  Regulator  Co.,  The,   1265 
Sarco  Co.,  Inc.,  1368-1369 
Spence  Engineering  Co.,  Inc.,  1268 
Sterling,  Inc.,  1269 
Yarnall- Waring  Co.,  1376 

VALVES,  Water  Flow  Regulating 

Bell  &  Gossett  Co.,  1332-1333 

Dole  Valve  Co.,  The,  1377 

H.  A.  Thrush  &  Co.,  1334-1335 

VALVES,  Water  Regulating 

Fulton-Sylphon  Div.,  The,  Robert- 

shaw-Fulton  Controls  Co.,  1250- 

1251 

Hammond   Brass   Works,    1360 
Jenkins  Bros.,  1378 
Marsh    Heating    Equipment    Co., 

Sales  Affiliate  of  Jas.   P.  Marsh 

Corp.,  1361 

McDonnell  &  Miller,  Inc.,  1328-1331 
Minneapolis- Honey  well     Regulator 

Co.,  1260-1261 

Penn  Electric  Switch  Co.,  1263 
Powers  Regulator  Co.,  The,   1285 
Sarco  Co.,  Inc.,  1368-1369 

VAPOR  BARRIERS 

Infra  Insulation,  Inc.,  H07 

VAPOR    HEATING    SYSTEMS 

(See     Heating    Systems,     Vapor) 

V-BELT  DRIVES 

American    Coolair    Corp.,     1185 
Worthington  Pump    <!fe  Machinery 
Corp.,  1074-1075 
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VENTILATORS,  Attic  (See  Fans, 

Electric,    Propeller,    Supply   and 

Exhaust) 

American  BlowerTCorp.,  1060-1061 
American  Coolair  Corp.,  1185 
G.  C.  Breidert  Co.,  1213 
Philip  CareylMfg.  Co.,  The,  1380- 

1381 
Chelsea  Fan   &  Blower  Co.fl  Inc., 

1189 

Clarage  Fan  Co.,  1066 
DeBothezat  Fans  Div.,  American 

Machine    &    Metals,    Inc.,    1190 
General  Blower  Co.,  1191 
Hunter   Fan    &   Ventilating   Co., 

Inc.,  1192 
Eg  Electric  Ventilating  Co.,  1108, 

1193 

Lau  Blower  Co.,  The,  1196 
Etablissements  Neu,  1226 
Torrington  Mfg.  Co.,  The,  1200-1201 
Trade-Wind  Motorfans,   Inc.,   1202 
United    States    Air    Conditioning 

Corp.,  1073 
L.  J.  Wing,  Mfg.  Co.,  1124-1126 

VENTILATORS,  Floor  and  Wall 

American  Coolair  Corp.,  1185 
DeBothezat  Fans   Div.,  American 

Machine    &    Metals,    Inc.,    1190 
Charles  Demuth  &  Sons,  Inc.,  1219 
General  Blower  Co.,  1191 
Hendrick  Mfg.  Co.,  1224-1226 
Hunter   Fan    &   Ventilating   Co., 

Inc.,  1192 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 
Independent    Begister    Co.,    The, 

1223 
Knowles  Mushroom  Ventilator  Co., 

1222 
Register  &  Grille  Mfg  Co.,  Inc., 

1227 
Standard  Stamping  &  Perforating 

Co.,  1230 

Titus  Mfg.  Corp.,  1234 
Trane  Co.,  The,  1122-1123 
United  States   Register   Co.,    1235 

VENTILATORS,  Roof 

Air  Devices,  Inc.,  1132,  1215 
American   Coolair   Corp.,   1185 
American  3  Way-Luxfer  Prism  Co., 

1387 

G.  C.  Breidert  Co.,  1213 
Chelsea  Fan   &  Blower  Co.,  Inc., 

1189 
DeBothezat  Fans   Div.,  American 

Machine    &  Metals,  Inc.,   1190 
General  Blower  Co.,  1191 
Hg  Electric  Ventilating  Co.,  1108, 

1193 

New  York  Blower  Co.,  1198 
Propellair  Div.,  Robbins  &  Myers 

Inc.,  1199 

Swartwout  Co.,  The,  1214 
Trade-Wind  Motorfans,   Inc.,   1202 
Trane  Co.,  The,   1122-1123 
L.  J.  Wing  Mfg.  Co.,  1124-1126 


Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Etablissements  Neu,  1226 
L.    J.    Wing    Mfg.    Co.,    1124-1126 

VENTILATORS,  Unit 
American  Blower  Corp.,  1060-1061 
American   Coolair   Corp.,    1185 
Carrier  Corp.,  1064-1065 
DeBothezat  Fans   Div.,  American 

Machine    &  Metals,   Inc.,  1190 
General  Blower  Co.,  1191 
Hunter    Fan    &    Ventilating    Co., 

Inc.,  1192 
Ilg  Electric  Ventilating  Co.,  1108, 

1193 

Kennard  Corp.,  1110 
Herman  Nelson  Corp.,  The,  1118- 

1119 

John  J.  Nesbitt,  Inc.,  1117 
New  York  Blower  Co.,  The,  1198 
Trane  Co.,  The,   1122-1123 
L.  J.  Wing  Mfg.  Co.,  1124-1126 


Curtis  Refrigerating  Machine  Div. 

of  Curtis  Mfg.  Co.,  1178 
Hastings    Air    Conditioning    Co., 

Inc.,  1067 

Jaden  Mfg.  Co.,  1109 
Kenard  Corp.,  1110 
Lilie- Hoffman  Cooling  Towers,  Inc., 

1159 

Marley  Co.,   Inc.,  The,   1100 
Modine  Mfg.  Co.,  1114-1115 
Niagara  Blower  Co.,  1070 
Patterson- Kelley    Co.,    The,    1167 
J.  F.  Pritchard  &  Co.,  1161 
Refrigeration  Economics  Co.,  Inc., 

1121 

Trane  Co.,  The,  1122-1123 
Water    Cooling     Equipment  TCo., 

1162 
Westinghouse  Electric  Corp.,  Stur- 

tevant  Div.,  1204-1209 
Yarnall- Waring  Co.,  1376 
York  Corp.,  1077 
Young  Radiator  Co.,  1127 


WATER     COOLING     TOWERS 
(See    Cooling     Towers,     Water) 


FEEDERS  (See 
Boiler  Water) 


VENTILATORS,  Windows 

American  Coolair  Corp.,  1185 
Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 
Hunter    Fan    &    Ventilating    Co., 

Inc.,   1192 
Ilg^Electric  Ventilating  Co.,  1108,   WATE^  HEATERS 

Lau  Blower  Co. ,  The,  1 196  Hot  Water  Service} 

L.    J.    Wing   Mfg.    Co.,    1124-1126 


Heatcis 


VENTILATORS,  Ship 

Air  Devices,  Inc.,  1132-1215 
G.  C.  Breidert  Co.,  1213 


VIBRATION  ABSORBERS  (See 

Sound  Deadening) 

American  Brass  Co.,  The,  1128-1129 
Chicago  Metal  Hose  Corp.,  1130, 1240 
Gilman  Bros.  Co.,  The,  1395 
Mundet  Cork  Corp.,  1392 
Grant  Wilson,  Ina,  1382 

WALLBOARD,  Insulating 

Armstrong  Cork  Co.,  1391 

Philip  Carey  Mfg.  Co.,  The,  1380- 

1381 

Celotex  Corp.,  The,  1393 
Insulite,  1396-1397 
Johns-Manville,  1398-1399 
Mundet  Cork  Corp.,  1392 
Wood  Conversion  Co.,  1405 

WARM  AIR  FURNACES  (See 
Furnaces,  Warm  Air) 

WARM  AIR  HEATING  SYSTEM 

(See   Heating  Systems,   Furnace) 

WASHERS,  Air  (See  Air  Washers) 

WATER  COOLING  (See  Cooling 
Equipment,  Water;  Cooling  Towers) 

Acme  Industries,  Inc.,  1166 

Aerofin  Corp.,  1168-1170 

Airtemp  Div.,  Chrysler  Corp., 
1084-1085 

Carrier  Corp.,  1064-1065 


WATERp  MIXERS,  Thermostatic 

(See  Valves,   Tempering) 
Bell  &  Gossctt  Co.,  1332-1333 
Dole  Valve  Co.,  The,  1377 
Fulton  Sylphon  Div.,  The,  Robert- 

ahaw-Fulton  Controls  Co.,  1250- 

1251 

Powers  Regulator  Co.,   Tlio,   12G5 
Sarco  Co.,  Inc.,  1368-1309 
Taco  Heaters,  Inc.,  1336 


WATER  TREATMENT 
Research  Products  Corp.,  1150 
Vinco  Co.,  Inc.,  The,   1326-1327 
Worthington   Pump    <fc   Machinery 
Corp.,  1074-1075 


WELDING  .FITTINGS 

tings,  Welding) 


Fit- 


WELDING ROD 

American  Brass  Co.,  The,  1128-1129 

Revere  Copper  &  Erase,  Inc.,  1131 

WHEELS,  Blower 
Clarage  Fan  Co.,  1000 
Lau  Blower  Co.,  The,  1196 
Morrison  Products,   Inc..    1197 
Torrington  Mfg.  Co.,  The,  1200-1201 
United    States    Air    Conditioning 
Corp.,  1073 

WHEELS,     Spray     (ftce     Spray 
Equipment) 


Please  mention  THE  GUIDE  1950  when  writing  to  Advertisers 


M*A  NUFACTURERS9 
CATALOG     DATA 


(PAGES  1059-1422) 


On.    pages    1059-1410    will    be    found    the    Catalog 
Data,   of  253    manufacturers    whose   products    lire 

described  and  Illustrated. 

For  the  convenience  of  the  user  of  THE    GUIDE 
1950  there  are  eight  main  divisions  : 

Air  Conditioning       1059-1127 

Air  Conditioning  and  Heating  Piping.  .     .     .     1128-1131 

Air  System  Equipment 1132-1238 

Bends,    Coils,  Fittings 1239-1244 

Controls   and  Instruments  ....          1245—1270 

Heating  Systems 1271-1378 

Insulation 1379-1410 

Publications 1411-1418 

On  pages  1033-10*56,  -under  each  of  the  index 
headings — Air  Cleaning  Equipment.,  Pans,  Hu- 
midifiers, Ventilators,  etc.,  will  be  found  a  list 
of  manufacturers  of  any  desired  products,  fully 
cross-indexed,  and  the  page  numbers  in  the 
Catalog  Data  Section  where  the  products  are 
described. 

By  reference  to  these  indices,  the  manufacturers^ 
names  and  the  page  numbers,  any  item  of 
equipment  or  materials,  and  the  producers 
address,  may  be  located  quickly. 


Central 


Air  Conditioning  •  systems 


Factory  Insulated  Class  I  Capillary 
Air  Washer 


Air  &  Refrigeration  Corporation 

475  Fifth  Avenue,  New  York  17,  N.  Y. 
271  Milton  Avenue,  S.  E.,  Atlanta,  GA. 

Representatives  in  all  major  cities 
Air  Conditioning,  Humidifying,    Dehumidifying,    Cooling,  " 
Scrubbing,    Air    Washing    and    Purification    Apparatus 

Air  &  Refrigeration  Corporation  specializes  in  the  design  and  manufacture  of  indus- 
trial and  comfort-conditioning  apparatus  where  maintenance  of  suitable  humidity 
and  temperature  within  closely  controllable  limits  is  essential.  This  specialization 
is  based  on  technical  knowledge  and  ingenuity  born  of  extensive  experience  in  the 
solution  of  the  more  difficult  problems  of  air  conditioning.  A  complete  line  of  air 
conditioning  equipment  is  available  to  contractors  and  owners  for  all  phases  of 
humidifying,  dehumidifying,  cooling  and  washing. 

""Capillary  Air  Washers  provide  a  superior  type 
humidifying,  dehumidifying,  air  washing,  cleaning 
and  cooling  unit  for  central  station  apparatus. 
For  most  purposes  the  Capillary  Washer  requires 
|  the  volume  of  water  at  J  the  pressure  used  by 
conventional  spray  equipment.  They  are  avail- 
able with  factory  insulated  casings  and  tank  for 
central  station  applications.  For  complete  data, 
see  Bulletin  G-3. 

^Capillary  Unit  Conditioners  are  factory  insulated 
and  assembled,  ready  for  use.  They  include  fan, 
motor,  drive,  heating  coils,  Capillary  Cells  with 
suitable  sprays,  spray  pump  and  mixing  dampers. 
Units  are  designed  for  floor  mounting  or  for  ceiling 
suspension,  and  can  be  arranged  for  the  reception 
of  cooling  coils,  if  required.  Complete  description 
and  engineering  data  will  be  found  in  Bulletin  G-8. 
Spray  Type  Air  Washers  for  washing,  humidify- 
ing and  dehumidifying;  air  are  all  basically  the 
same.  A  &  R  Spray  Washers  include  special  fea- 
tures of  design  developed  to  insure  more  efficient 
and  dependable  operation,  lower  maintenance 
costs,  and,  in  many  cases,  lower  installation  costs. 
Such  features  relate  especially  to  eliminators, 
collecting  tanks,  flooded  baffles,  nozzle  arrange- 
ment, etc.  Spray  Washers  can  be  supplied  with 
factory  insulated  casings  and  tank  for  central  sta- 
tions applications.  For  details,  see  Bulletin  AW-1. 
Sprayed  Coil  Dehumidifiers  for  year-round 
treatment  of  air  are  complete  with  cooling  coils, 
sprays,  circulating  pump  and  glass  mat  elimina- 
tors. Sprayed  coil  dehumidifiers  are  factory  insu- 
lated and  complete,  ready  for  assembly  in  the  field. 
Special  features  in  design  insure  continuous  wash- 
ing and  cleaning  of  finned  surfaces  and  easy  acces- 
sibility to  all  parts.  For  engineering  information 
and  detailed  description,  see  Bulletin  SC-1. 

A  &  R  Insulated  Panels  consist  of  insulation  be- 
tween metal  sheet  on  one  side  and  hard  fiber  board 
on  the  other,  the  three  laminated  and  cemented 
together  under  pressure.  This  unique  panel  de- 
sign includes  the  structural  frame  to  form  units 
which  require  only  bolting  together  to  make  enclo- 
sures of  any  required  shape  for  plenum  chambers 
and  many  other  purposes.  Panels  are  available 
in  widths  from  3  in.  to  48  in.,  and  in  lengths  to  12 
ft.  Their  use  insures  tremendous  economies  in 
field  labor*  For  details,  see  Bulletin  P-l. 
Write  for  catalog  and  engineering  data. 
*RegJtstered  Trade  Mark 
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Factory  Insulated  Size  $8-4  Capillary 
Unit  Conditioner 


',*  j 


Type  28  Air  Washer  Factory  Insulated 


Factory  Insulated  Plenum  Chamber 


Air  Conditioning  « 


American  Blower  Corporation 

Detroit  32,  Michigan 

CANADIAN  SIROCCO  COMPANY,  LTD. 

310  Ellis  Street,  Windsor,  Ontario 

Branch  Offices  in  Principal  Cities 
Division  of  AMERICAN  RADIATOR  &  <$tai?dai?d  ^aftitatfg  CORPORATION 


AIR  CONDITIONING  —  HUMIDIFYING  —  DEHUMIDIFYING  —  COOLING 

—  VENTILATING  —  HEATING  —  VAPOR-ABSORPTION  —  DRYING  —  AIR 

WASHING  AND   PURIFICATION   —  EXHAUSTING  EQUIPMENT   AND 

MECHANICAL  DRAFT  APPARATUS 


Heating  &  Cool- 
ing      Coils  — 

right,  Ameri- 
can Blower 
heating  and 
cooling  coils 
offer  a  number 
of  improve- 
ments in  design 
and  construc- 
tion. Available  in  a  complete  range  of  sizes  and 
types,  including: 

/Type  S  steam  coils 

Bulletin  B-I2W  T^PC  ^  double  tube  colls 
uuuetm  u  uw<  Type  y  rcturn  hlend  coils 

(Type  B  booster  coils 

[Type  W  water  colls 
Bulletin  1521      <Type  O  clcaaable  water  colls 

(Type  X  direct  expansion  coils 
Bulletin  B-1318    Type  II  heavy  duty  coils 


"ABC"  Utility  Sets 
— complete  packaged 
units,  directly  con- 
nected or  V-Belt  short 
coupled  drive  for  duct 
applications.  Sizes 
for  wide  variety  of 
ventilating  problems. 
Quiet,  compact.  Bul- 
letin 2814. 


Double  Inlet  "ABC"  Multiblade 

Fan — above,  is  a  heavy  duty 
ventilating  fan .  The  wheel  has 
narrow,  forward  pitched  blades. 
Low  tip  speeds  assure  quiet 
operation.  Request  Bulletin 
A-801.  Bulletin  A-603  describes 
backwardly  inclined,  nonover- 
loading  HS  Fan. 


American   Blower  Air  Washer 

— above,  cleans,  purifies  and 
freshens  air,  removes  dust, 
odors  and  bacteria,  cools  if 
desired  and  provides  an  effec- 
tive method  of  controlling 
humidity.  Bulletin  3923. 


Capillary  Air  Washers—above,  for  high  efficiency 
in  cleaning,  humidification,  cooling  and  dohumidi- 
ncation  of  air.  Air  is  Forced  at  low  remwtanee 
through  long,  irregular  passages  of  small  size 
formed  by  a  large  amount  of  thoroughly  wetted 
glass  surface.  Write  for  Bulletin  3723. 

1060 


American  Blower  Corporation 


Air  Conditioning 


Unit 
1  Systems 


TYPES    OF    AMERICAN    BLOWER    CORPORATION 

AIR  HANDLING  AND  CONDITIONING  EQUIPMENT 

All  types  of  air  handling  and  air  conditioning  equipment  for  industrial  applications, 
process  work,  drying,  cooling;  also  equipment  for  stores,  offices,  shops,  public  build- 
ings, power  plants,  etc.,  and  attic  and  kitchen  ventilation  for  homes. 


"ABC"  Vertical  Unit  Heaters—for  ceil- 
ing applications,  give  an  even,  wide 
floor  area  distribution  of  heat.  For 
either  steam  or  hot  water  heating  sys- 
tems. Available  in  2 -speed  and  con- 
stant speed  models.  Write  for  Bulletin 
6417. 


Venturafin  Unit  Heaters— for  many 
general  purpose  heating  jobs.  Wall  or 
ceiling  mounted.  t  Streamline  construc- 
tion, rugged  heating  elements.  Steam 
or  hot  water.  Request  Bulletin  6317. 


Centrifugal  Type  Unit  Heaters— For  use 
with  or  without  duct  systems,  for  large, 
hard  to  heat  areas.  Ideal  for  floor 
mounting.  Request  Bulletin  5917. 


Heating  and  Ventilating  Units — with  air 
filters  and  Aileron  control.  Ideal  wher- 
ever attractive,  quiet  and  economical 
heating  and  ventilating  units  are  re- 
quired. Wall,  floor  or  ceiling  mounting. 
Offer  great  flexibility  of  design  and 
arrangement  to  meet  specific  needs. 
Bulletin  6017. 


American  Blower  Air  Conditioning  Units. 

—Type  A  for  all  normal  unitary  type 
commercial  and  industrial  applications. 
Cooling,  heating,  humidifying.  Capaci- 
ties 1000  cfm—13600  cfm.  Type  S  for 
commercial  and  industrial  applications 
desiring  washed  air  or  high  relative 
humidities.  Capacities  1000  cfm — 13600 
cfm.  Type  M,  large  capacity  for  central 
system  installation  with  separately 
mounted  fan.  Cooling,  dehumidincatiori, 
heating,  humidifying.  Capacities  1000 
cfm— 41000  cfm.  Bulletin  6527. 
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Air  Conditioning  •  Central  Systems 


The  Bahnson   Company 


HUMIDIFYING       — 


Winston-Salem,  N.  C. 
VENTILATING       —       COOLING 


—       FILTERING 


HUM! DUCT 

Unit  Air  Conditioning 


The  Bahnson  Humiduct  provides  a  basic  unit  system  for  evaporative  cooling 
and  controlled  humidity  to  which  refrigcrative  cooling  heating,  air  tillering 
in  any  combination  can  always  bo  added.  Through  tho  application  of 
delivering  saturated  air  plus  entrained  moisture,  wherein  part  of  t  he  evapora- 
tion may  take  place  in  the  room,  supplementary  evaporation  is  not  required 
with  the  Ilumiduct  to  maintain  relative  humidities  above  Go  per  cent .  The 
Bahnson  Humiduct  unit  is  both  flexible  and  economical,  can  be  expanded  or 
easily  moved.  No  fixed,  built-in  installation  or  expensive  apparatus  housing 
required  for  air  handling  equipment. 

CENTRAL  STATION  Air  Conditioning 

Central  Station  Air 
Conditioning  Systems 
for  evaporative  cooling 
or  refri genitive  cooling 
are  designed,  manufac- 
tured and  installed  by 
BalniHon.  Conventional 
air  washers  of  single  or 
double  bank  sprays  and 
tho  BahiiHon  (Jentrispray 
which  utilizes  the  prin- 
ciple of  centrifugal  atoiu- 
iaiition  of  water  are 
manufactured  in  re- 
quired si/es, 

(Spray  nozzles,  dampers,  grills  and  other  components  are  manufactured  and  designed 

by  Bahnson.) 
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Air  Conditioning  •  Central  Systems 


I  A  I  R     CONDITIONIN  Gtitfv     ENGINEER    S    I 

I ^gagngS^ jy ' 

WlNSTON-SALEM,  N.  C 
HEATING  —  DEHUMIDIFYING  —  AIR  CLEANING  —  VAPOR  ABSORBTION 


Fcor^fSzer  Atomizer 

For  Humidification 
or  supplementary  evaporation 


Centrifugal  Humidifier 


A  unit  humidifier  .  .  .  combining  in  one 
unit  the  basic  principles  of  industrial 
humidification: 

1.  Atomizes  water  into  a  fine  mist. 

2.  Diffuses  the  mist  with  room  air 
until  absorbed. 

3.  Distributes    the    humidified    air 
uniformly. 

4.  Automatically  controls  evapora- 
tion   for    constant    relative    hu- 
midity. 

Evaporates  up  to  12  gal  of  water  per  hour 
and  does  not  require  pump,  air  compres- 
sor or  steam  for  operation — thus  provid- 
ing maximum  evaporation  at  minimum 
cost.  Only  water  feed  and  drain  and 
electrical  connection  required  for  instal- 
lation, 

A  highly  efficient  and  simply  constructed 
atomizer  that  gives  maximum  evapora- 
tive capacity—requires  minimum  air 
consumption— provides  important  sav- 
ings in  compressor  costs  and  operating 
costs.  The  design  and  construction  of 
this  unit  eliminates  objections  found  in 
earlier  type  water  pressure  atomizers. 


BAHNSON  ECONOMIZERS  OFFER: 

FLEXIBILITY  Various  evaporative  capacities  and  spray  quali- 
ties are  obtained  by  merely  changing  air  and 
water  pressures  at  supply  points. 

ECONOMY Atomization  is  obtained  through  mixing  com- 
pressed air  with  water  supplied  under  pressure, 
thereby  reducing  compressed  air  requirements. 

DEPEND  ABILITY.  ..Self  -cleaning  feature  is  included.  A  stainless 
steel  cleaning  pin  operates  in  conjunction  with 
water  pressure  to  remove  dirt  from  water  orifice. 
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Air  Conditioning 


Carrier  Corporation    •    Syracuse  1,  N.  Y. 


MARINE  DIVISION: 

385  Madison  Ave. 
New  York  17,  N.  Y. 


Carrier 


INTERNATIONAL 
DIVISION: 

385  Madison  Ave. 
Now  York  17,  N.  Y. 


Offices  and  Dealers  in  principal  cities — refer  to  your  telephone  directory. 

^Carrier)  AIR  CONDITIONING 


Room  Air  Conditioners — compact  units  In 
attractive  cabinets;  two  sizes  in  window 
type  models  and  one  in  floor  or  console 
model.  Built  to  provide  summer  comfort 
air  conditioning,  year  round  ventilation  and 
air  circulation  for  individual  rooms,  private 
offices  and  other  similar  small  enclosures. 

Weathermakers — completely  self -con- 
tained air  conditioners  for  retail  or  com- 
mercial establishments  and  industrial  ap- 
plications. Attractive  styling  and  finish  for 
location  within  the  space  or  remote  with 
ductwork. 

Assembled  Air  Conditioners — fully  en- 
closed, compact  units  designed  for  installa- 
tion outside  the  space  to  be  air  conditioned, 
and  using  ducts  to  distribute  the  air.  Ideal 
for  year  round  air  conditioning  of  laborato- 
ries, offices,  stores,  and  similar  interiors. 

Unitary  and  Central  Station  Air  Condi- 
tioners— for  groups  of  rooms  such  as  offices 
and  laboratories,  and  for  large  spaces  such 
as  stores,  factories,  theaters,  industrial 
plants,  and  other  interiors  requiring  year 
round  air  conditioning.  Units  available  in 
floor  or  suspension  models.  Supplemented 
by  refrigeration  where  cooling  and  dehumid- 
ifying  is  required. 

"Weathermaster"  Systems — for  air  con- 
ditioning of  multi-story,  multi-room  build- 
ings such  as  apartments,  hospitals,  hotels 
and  office  buildings.  System  consists  of 
room  units  in  decorative  cabinets  or  for 
furring  in  under  windows,  each  with  indi- 
vidual control  of  temperature,  and  a  central 
station  apparatus.  In  one  system  the  air  is 
distributed  through  conduits  requiring  but 
little  space— practical  for  new  or  old  build- 
ings. A  ^  special  development  of  Carrier 
Corporation. 

Blast  Freezers  and  Cold  Diff users— for 
food  freezing  and  storage,  meat  packing 
operations,  and  other  industries  requiring 
low  temperatures.  Units  are  available  in 
suspension  or  floor  models  and  can  be  used 
within  the  space  to  be  refrigerated  or  re- 
motely located  and  connected  by  ducts. 
Write  for  descriptive  literature  on  any  of  the 
above  equipment 
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Carrier  Corporation 


Air  Conditioning 


,  Central ! 
Systems 


REFRIGERATION 


Centrifugal  Refrigerating  Machines— for 
large  comfort  and  industrial  air  condition- 
ing applications  and  for  process  cooling  to 
—  100F  and  below.  High  efficiency  at  peak  or 
partial  loads.  Operate  with  any  standard 
motor  or  turbine  drive.  Available  in  capaci- 
ties from  100  to  1200  tons  cooling. 

Absorption  Refrigerating  'Machines—for 
producing  chilled  water  at  36F  or  higher  in 
a  fully  automatic  operation  between  15  and 
100  per  cent  capacity.  Uses  high  or  low  pres- 
sure steam  for  operation  with  salt  and  water- 
solution  as  the  absorbent.  Capacities  115, 
150,  200  tons. 

Reciprocating  Refrigerating  Machines — 

for  comfort  and  industrial  air  conditioning 
applications  of  moderate  size  and  for  process 
cooling.  Direct  or  belt  drive,  water  or 
evaporative  cooled  types  5  to  lOOhp. 

Commercial  Refrigerating  Machines-— for 
storage  refrigerators,  display  cases,  milk 
coolers,  ice  makers  and  similar  duty.  Com- 
plete with  compressor,  drive,  air  or  water 
cooled  condenser  arid  controls  in  wide  range 
of  sizes. 

Reciprocating  Compressors — for  refrig- 
eration needs  of  air  conditioning  and  process 
cooling.  Adaptable  to  all  types  of  drives  and 
available  for  use  with  "Freon"  and  am- 
monia refrigerants  from  75  to  200  hp. 

Evaporative  Condensers— for  use  where 
condenser  water  is  a  problem  and  for  re- 
duction of  operating  costs  on  air  condition- 
ing and  refrigeration  jobs.  For  indoor  or 
outdoor  use  in  capacities  from  5  to  75  tons. 


(Carrier^  INDUSTRIAL  HEATING 


Unit  Heaters — for  commercial  and  indus- 
trial space  heating  using  steam  or  hot  water. 
Complete  range  of  sizes  in  two  types :  Model 
46U  Horizontal  Discharge  in  capacities  from 
13,000  to  200,000  Btu  per  hour,  and  Model 
46S  Four-way  Directed-flo  in  capacities 
from  49,000  to  500,000  Btu  per  hour  at  2  Ib 
steam. 

Gas-Fired  Unit  Heaters— for  clean,  eco- 
nomical heat  in  offices,  stores,  factories  and 
similar  spaces  where  gas  is  available.  Ap- 
proved for  manufactured,  mixed,  natural 
and  LP  gases.  Capacities:  70,000  to  230,000 
Btu  per  hour  input. 

Heat  Diffusers — for  ventilating  as  well  as 
heating  large  commercial  and  industrial 
spaces.  Floor,  wall  or  ceiling  mounted  with 
coils  for  steam  or  hot  water.  Capacities 
from  115,000  to  1,570,000  Btu  per  hour  at 
2  Ib  steam. 
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'  Systems 


Clarage  Fan  Company 

Kalamazoo,  Michigan 


Application  Engineering  Offices 


In  Principal  American  Cities 


(Consult  Telephone  Directory) 


Clarage  Air-Handling  and  Conditioning  Equipment 


Fans     ®     Blowers     •     Air  Washers 

Air  Conditioning  Systems  and 
Units     ®     Unit  Heaters  &  Coolers 

For  over  thirty -five  years  Claragc  has  been  a  leading 
manufacturer  of  equipment  for  ventilating,  heating, 
cooling,  drying,  air  cleaning,  humidifying,  dehumidi- 
fying,  complete  air  conditioning,  exhausting,  pneu- 
matic conveying  and  mechanical  draft.  Clarage 
equipment  is  designed  to  meet  all  types  of  industrial, 
commercial,  public  building  and  power  plant  require- 
ments. Whatever  your  air-handling  or  conditioning 
problem,  Claragc  is  an  excellent  source  of  supply. 


Fans  for  ventilating  and 
air  conditioning.  Capaci- 
ties; 200  to  200,000  cfm. 


We  build  many 
other  types  of  fans 
and  allied  equip- 
ment. Write  for  a 
Clarage  catalog 
covering  our  com- 
plete line. 


Fans  for  warm  air  furnaces, 
oil  burners,  stokers,  etc.  200 
to  9000  cfm. 

Fans  for  exhaust  systems,  pressure 
blowing,  etc.  100  to  50,000  cfm.; 
built  for  a 
wide  range 
of  pressures. 

Air  Condi- 
tioning cen- 
tral systems 
and  units  to 
solve  any 
temperature 
and  humid- 
ity control 
problem. 


Unit  Heaters  for  factories, 
stores,  ofliceH,  etc.—  floor  and 
suspended  type  units.  Of- 
fered in  19  standard  sizes. 
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*  Centra  Systems 
Unit  Heaters  and  Coolers 


Hastings  Air  Conditioning  Co.,  Inc. 

Hastings,  Nebr. 

Manufacturers  of 

Air  Conditioners. 

Unit  Heaters. 

Utility  and  Package  Blowers. 


( 


] 


Dealers  and  Representatives  in  Principal  Cities 


A  Complete  Line  of  Highly  Specialized  Air  Conditioners 

For  DX,  Cold  City  Water,  Chilled  or  Well  Water  Operation, 

All  equipment  may  be  used  for  combination  cooling  and  heating. 

Watercoils  are  six  rows  deep  and  DX  coils  four  rows  deep.     Developed  and 

designed  for  utmost  efficiency.     Constructed  of  copper  tubing  expanded  and 

metallically   bonded   to  pure   copper   fins. 
FLOWMETERS  (to  visually  control  flow)  are  standard  on  all  water  equipment. 


FLOOR  MODELS 

Floormasters — Unusual     design     and 
special  features  permit  maximum  instal- 
lation possibilities  with  excellent  results. 
Cooling  Capacity — 
Water  coils,  3  to  6  tons. 
DX  coils,  5  tons. 
Air  Delivery— 2240  cfm. 
Motor— 1A    hp    Filters- 
three     16x25.    Dimen- 
sions—Ht.       93       in., 
Width  48  in.,  Depth  25 
in. 

Royal — For  offices, 
homes,  hospitals,   etc. 
Cooling  Capacity- 
water,  1  to  2  tons. 
1/6  hp  590  cfm  Filter 
16x25.    Dimen.  lit.  40  in.,  Wd.  28.,  in., 
Depth  20H  in. 

CENTRAL  PLANTS 

Sectional       con- 
I  struction^  for  ease 
of  handling.    Mo- 
tors inside  mount- 
'  ed  to  provide  very 
neat         appearing 
compact  units. 
SPECIFICATIONS 


Size 

CFM 

Motor 
Hp 

Filters 

Capacity 

Tons 

CP   30 
CP    40 
CP    60 
CP    80 
CP  120 

3,000 
4,000 
6,000 
8,000 
12,000 

1 
1 
2 
3 
5 

5 

a 

10 
12 
20 

4-  9 
6-12 
9-18 
12-24 
18-36 

STEAM  UNIT  HEATERS 

Centrifugal 
Typo  for  extreme 
quietness  and 
efficiency. 

Steam  pressure 
— to  150  Ibs  per  sq 
in. 

Finish- — Brown 
wrinkle  enamel 
and  stainless  steel 
louvers. 

Write  for  Catalogs, 


GENERAL  UTILITY  MODELS 

Master— Singly  or  in  multiple  are 
suitable  for  any  business  or  space  size. 
Large  jobs  handled  without  duct  work  by 
proper  location  of  units. 


Cooling  Capacity — 

Water  coils,  3  to  6  tons. 

DX  coils.  5  tons. 
Air  Delivery— 2,240  cfm. 
Motor— 1A  or  %  hp.    Filters— four  16x23. 
Dimen.  Ht.  29  in.,  \Vd.  49  in.,  Depth 50  in. 

Majestic— Similar  to  Master  except 
size.  Cooling  Capacity — Water  1^  to  3 
tons.  J4  hp  1120  cfm  Two  16x25  filters. 
Dimensions— Ht.  26  in.,  Wd.  28  in., 
Depth  40  in. 

GAS  UNIT  HEATERS 


Twelve  models.  75,000  to  200,000  Btu 
capacity.  Equipped  with  CENTRIFU- 
GAL of  PROPELLOR  type  fans.  AGA 
approved. 

Squirrel-cage  blowers  provide  SILENT 
operation  and  permit  air  delivery  thru 
duct  systems  up  to  K  i&-  S.P. 

Stainless  steel  ribbon  burners  result  in 
quiet  efficient  combustion. 

Dual  directional,  individually  adjust- 
able stainless  steel  louvers  permit  com- 
plete control  of  air  delivery. 
Literature,  or  Information 
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GENERALS  ELECTRIC 


Air  Conditioning  Department        Bloomfield,  N.  J. 
HOME  HEATING        AIR  CONDITIONING 


ATLANTA  3,  GEORGIA 
410  Red  Roek  Building 

BOSTON  15,  MASS. 
700  Commonwealth  Ave. 

CHICAGO  54,  ILL. 
The  Merchandise  Mart 

Room  1127 

CINCINNATI  2,  OHIO 
617  Vine  St.,  Room  1328 

CLEVELAND  14,  OHIO 
925  Euclid  Ave.,  Room  524 


DISTRICT  OFFICES 

DALLAS  2,  TEXAS 
903  Ross  Avenue 

KANSAS  CITY  6,  MO. 
106  W.  14th  St.,  Suite  2510 

LOS  ANGELES  15,  CALIF. 
1238  South  Hope  St. 

NEW  YORK  22,  N.  Y, 
570  Lexington  Ave. 

PHILADELPHIA  22,  PA. 
1405  Locust  Street 


PITTSBURGH  22,  PA. 
535  Smith  field  Ave 

ST.  LOUIS,  MO. 
3S24  Limlell  Blvd. 

SALT  LAKE  CITY  <),  UTAH 
200  South  Main  Street  £ 

SAN  FRANCISCO  fi,  CALIF. 

235  Montgomery  Street 

SEATTLE  4,  WASH. 

211  Jnnms  St. 

WASHINGTON,  D,  C 
800  15th  Street,  N.W.  " 


G-E  AUTOMATIC  HEATING  EQUIPMENT 
For  steam,  vapor,  hot  water  or  radiant  panel. 
G-E  OIL-FIRED  BOILERS.  Available  in  5  sizes  ranging  from 
100,000  to  450,000  Btu's  in  capacity.  Shipped  with  controls  and 
jacket    dismounted    for   easy    handling    during    installation. 
Installation  and  servicing  arc  simplified  with  all  controls  lo- 
cated on  panel  in  front  of  unit.  As  a  new  feature,  provision  is 
made  for  built-in  tankless  or  tank-type  domestic  hot  water 
coil.  Listed  by  Underwriters'  Laboratories,  Inc. 
G-E  OIL-FIRED  WARM  AIR  FURNACES.  Small  packaged 
units,  easily  and  economically  installed.  Available  in  4  sizes, 
with  capacities  ranging  from  60,000  to  155,000  Btu's.  Models 
of  60,000  and  85,000  Btu's  are  listed  by  Under  writcrx'  Laborator- 
ies, Inc.,  for  installation  with  2-inch  clearance  on  both  sides  and  back. 
G-E  GAS-FIRED  BOILERS.  For  steam,  vapor,  hot  water,  or  radian!  panel  heating 
systems.  Available  in  8  sizes,  with  Btu  output  ranging  from  76,800  to  I)  J/5,000.  A  .(j.A . 
approved. 

G-E  GAS-FIRED  WARM  AIR  FURNACES.  Compact,  completely  packaged  units  in 
5  sizes.  G-E  gas  furnaces  range  in  Btu  output  from  48,000  to  HJX,000.  They  failure 
simple,  quick  installation.  All  units  listed  by  Underwrite  Lalmrntnri^  ///r, .!/;  A'. 
approved.  Small  units  are  listed  for  alcove  installation  with  2  to  tt  inch  w*ill  ('l^irmoV 
G-E  AIR-WALL  HEATING.  G.E.'s  new  system  of  heat  dintribution  from  u  standard 
warm  air  furnace  gives  balanced  heat  in  all  rooms.  It  combines  the  benefit H  of  two 
types  of  heating:  forced  warm  air,  and  radiant  heat,  from  the  warmed  outer  wall*  of 
rooms.  G-E  Air-Wall  Heating  features  substantial  installation  savings;  quick  miiot 
heat;  and  even  temperatures.  Small-diameter  ducts  and  unique  G-K  regmter  are  the 
basic  parts  of  this  new  system. 
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G-E  AIR  CONDITIONING  EQUIPMENT 

G-E  PACKAGED  AIR  CONDITIONERS  bring  the  benefits  of 
dependable  G-E  air  conditioning  to  a  wide  range  of  self-con- 
tained applications.  2,  3,  and  5  hp  sizes  are  attractively  styled 
for  installation  directly  in  the  air-conditioned  space.  Air 
distribution  is  direct  or  by  simple  ductwork.  The  7J  and  10  hp 
sizes  arc  designed  primarily  for  installation  outside  the  air- 
conditioned  space.  All  G-E  air  conditioners  (except  the  2  hp 
size)  can  be  used  for  heating  with  the  addition  of  an  ascessory 
heating  coil. 


G-E  REMOTE  ROOM  AIR  CONDITIONERS 

feature  individual  control  for  summer  cooling 
or  year  'round  air  conditioning.  These  room 
units  arc  designed  for  use  in  offices,  hotels, 
hospitals,  apartment  buildings,  and  other 
places  where  individual  control  of  room  tem- 
perature is  desired.  Units  can  be  used  with 
water  coils  for  cooling  and  heating,  or  can  be 
fitted  with  direct  expansion  coil  for  cooling  and 
steam  coil  for  heating. 


G-E  CENTRAL  PLANT  AIR  CONDITION- 
ERS arc  designed  for  summer,  winter,  or  year 
'round  air  conditioning.  G-E  building  block 
design  enables  you  to  select  from  28  different 
ar range mcMits.  Units  arc  built  in  horizontal  and 
vertical  models.  This  flexibility  of  arrangement 
saves  engineering  time,  saves  on-tho-job  in- 
stallation time,  and  valuable  space.  There  are 
five  basic  frame  sixes  in  each  type,  covering  a 
cooling  range  from  O.S  to  58  tons  and  a  heating 
range  from  28,100  to  1,310,000  Btu's  per  hour. 


G-E  CONDENSING  UNITS  AND  MOTOR 
COMPRESSORS  are  designed  and  built  for 
heavy-duty,  dependable  air  conditioning  serv- 
ice. General  Electric  manufactures  condensing 
units  and  motor  compressors  in  sizes  up  to  75 
in  single  units.  Rcciprocating-type  condensing 
units  are  available  in  air  cooled  and  water 
cooled  models.  Motor  compressors  are  avail- 
able for  use  with  evaporative  condensers  and 
cooling  towers. 
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Niagara  Blower  Company 

General  Sales  Office:    405  Lexington  Ave.    New  York  17,  N.  Y. 

CHICAGO— 5:  37  W   Van  Buren  St.  BUFFALO—?:  673  Ontario  St.  SEATTLE— 4:  705  Lawman  BIdg. 

District  Engineers  in  Principal  Cities 

Over  SO  Years'  Experience  in  Industrial  Air  Conditioning,  Liquid  Cooling 
and  Air  Drying 

NIAGARA  AERO  HEAT  EXCHANGER 

For  cooling  industrial  liquids,  water,  oils,  solutions,  chemicals,  compressed  air  and 
gases,  with  Niagara  "Balanced  Wet-Bulb"  temperature  control  to  improve  efficiency 
and  obtain  precise  results.  Patented  (U.  S.  Nos.  2,296,946  and  R.  I.  22,553).  Ask 
for  Bulletin  96. 

NIAGARA  AIR  CONDITIONING  SYSTEMS 

For  human  comfort  and  for  all  industrial  applications  requiring  controlled  conditions 
of  temperature,  relative  humidity,  air  purity  and  air  movement. 

NIAGARA  AIR  CONDITIONER,  TYPE  A,  AND 
CONTROL!   D  HUMIDITY  METHOD 

High  precision  apparatus  using  saturation  to  obtain  control  of  11.  H.  to  1  per  cent 
for  laboratory  work  and  control  of  hygroscopic  materials.  Ask  for  Bulletin  112. 

NIAGARA  AIR  CONDITIONER,  TYPE  C 

A  year  around  air  conditioning  unit  providing  heating  and  humidifying  or  dchumidi- 
fying.  Ask  for  Bulletin  80. 

NIAGARA  FAN  COOLER  AND  DISK  FAN  COOLER 

For  comfort  cooling,  process  cooling,  low  temperature  storage  for  dairies,  fruits, 
meats,  food  products,  fur  storage  vaults,  etc.  Bulletin  72. 

NIAGARA  SPRAY  COOLER 

For  all  cooling  applications  requiring  high  humidity  or  high  capacity  in  small  space. 
Ask  for  Bulletin  110. 

NIAGARA  "NO  FROST"  SYSTEM 

Using  Niagara  "No  Frost"  Liquid  in  spray  coolers,  prevents  frosting  of  cooling  coils, 
automatically  keeps  spray  solution  at  proper  concentration,  gives  freedom  from 
brine  troubles,  corrosion.  Constant,  efficient  operation.  Temperature  to  —100°  F. 
Ask  for  Bulletins  95  and  105. 

NIAGARA  AEROPASS  CONDENSER  (Illustrated) 

Saves  power  and  water  cost  utilizing  atmospheric  air  to  remove*  heat  of  condensation. 
Patented  Duo-Pass  prevents  scaling,  saves  power.  "OILOUT"  positively  remove 
oil  and  dirt  from  refrigerant  lines,  assuring  always  full  capacity.  Balanced'  Wet  Bulb 
Control  assures  operation  of  refrigeration  plant  at  minimum  head  pressure  regardless 
of  weather  or  load  conditions.  Ask  for  Bulletin  103. 

NIAGARA  "DUAL"  COOLERS 

Simultaneously  cools  a  room  and  furnishes  chilled  water  as  a  refrigerant.  Stives 
equipment  cost,  operating  expense.  Patented.  Ask  for  Bulletin  70. 

NIAGARA  INDUSTRIAL  LIQUID  COOLER 

Furnishes  refrigerated  water  or  aqueous  solution  in  any 
quantity  up  to  220  gpm.  Positive  control  of  temperature 
regardless  of  load  variation.  Delivers  "sweet"  water  at 
33°  F  without  danger  of  freezing  damage.  Ask  for  Bulle- 

NIAGARA  FAN  HEATERS  AND  HIGH  PRESSURE 
STEAM  FAN  HEATERS 

For  heating  and  ventilating  large  areas.  Units  of  the 
highest  quality  in  engineering,  material  and  workman- 
manship.  Ask  for  Bulletins  73  and  109. 

NIAGARA  MOTOR  BLOWERS  ^ 

One,  two  and  three-fan  units.    High  and  low  static  ores-       Niagara  Aeropaw  Condenser 
sure  models.    Ask  for  Bulletin  89.  "**  " 
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Parks-Cramer  Company 

Fitchburg,  Mass.  Charlotte,  N.  C. 

CERTIFIED  CLIMATE 

Complete  Air  Conditioning  Systems  including  Heating, 

Cooling,  Humidifying  or  De-humidifying,  Air  Changing, 

Refrigeration,  Air  Filtering,  Air  Washing 

AUTOMATIC  REGULATION 

Merrill  Process  System  of  Hot  Oil  Circulation  for  Heating  Industrial  Materials 
Jacketed  Cocks,  Fittings  and  Jacketed  Piping 


Central  Station 


Central  Station  Air  Conditioning 

A  complete  system  or  conditioning  air,  with  positive 
circulation  and  controlled  ventilation,.  One  or  more 
air  washer  and  fan  units.  High  humidifying  and 
evaporative  cooling  capacity.  Heating,  filtering, 
and  refrigerated  cooling  optional.  Ducts  with 
adjustable  outlets  distribute  conditioned  air  uni- 
formly. Slight  air  pressure  also  improves  uni- 
formity. No  free  moisture  in  room.  Centralized 
maintenance. 

Air  Washer  or  Central  Station  Units. 
Nozzles  for  Central  Station  Air  Washers. 


Twltomatic  Humidifier 


Psychrostat 


Pettifogger 


Turbomatic  Humidifier 

Efficient  humidifier  of  the  atomizer  type.  For  direct 
humidification,  as  humidity  boosters  for  Central 
Station  systems  of  all  makes.  Self-cleaning,  both 
air  and  water  ports.  Streamlined  to  prevent  lint 
and  dirt  accumulation. 


Parks  Automatic  Airchanger  (not  illustrated) 

A  patented  system  of  forced  air  change  used  with  a 
direct  humidifying  system.  Insures  fixed  humidity 
and  maximum  evaporative  cooling  by  controlling 
amount  of  air  change  and  operation  of  humidifiers 
by  a  psychromctric  humidity  regulator.  Designed 
for  cither  complete  new  installations  or  for  supple- 
menting existing  direct  humidifying  equipment. 

Automatic  Regulation 

The  Psychrostat  for  accuracy,  durability,  sensi- 
tivity. Employs  the  principle  of  the  Sling  Psy- 
chrometer ,  used  in  all  II .  S .  Weather  Bureau  Stations . 
Hygrostat  (not  illustrated)  where  requirements  are 
not  so  exacting.  An  Air  Conditioning  System  is  no 
better  than  its  Regulation. 

The  Pettifogger 

A  compact  humidifier  for  offices,  stores,  storerooms, 
laboratories,  or  other  isolated  departments.  Self- 
contained  in  lacquered  copper  casing.  Permanently 
though  flexibly  connected  to  water  and  electrical 
supplies.  Automatic  control.  Adjustable  capacity. 
Neutralizes  drying  effect  of  heating. 
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Pittsburgh  Lectrodryer  Corporation 

Foot  of  32nd  Street  Pittsburgh,  Pa. 


This  machine  protects  equipment  in  storage  by 
maintaining  a  relative  humidity  of  85  per  cent 
or  lower. 


Small  automatic  air  conditioning  type 
TRODRYER  used  for  providing  lowered  rel- 
ative humidities. 


FOR  INDEPENDENT  CONTROL  OF  DEHTJMIDIFICATION  IN  COM- 
FORT AND  INDUSTRIAL  AIR  CONDITIONING 


The  results  of  years  of  experience  in 
the  independent  control  of  industrial  de- 
humidincation  are  now  available  for  com- 
fort air  conditioning  in  the  form  of 
sturdy,  dependable,  thoroughly  tested 
machines  for  controlled  adsorption  de- 
humidification. 

LECTRODRYER  equipment  using  Ac- 
tivated Alumina,  a  solid  adsorbent,  is 
widely  used  in  maintaining  lower  than 
normal  relative  humidities  in  the  chem- 
ical, pharmaceutical  and  other  indus- 
tries. 

In  comfort  air  conditioning  these  ma- 
chines handle  the  latent  heat  load  with 
only  the  sensible  heat  load  left  for  refrig- 
eration or  water  cooling.  With  this  type 


system,  only  the  air  needed  for  the  sensi- 
ble heat  load  is  cooled  and  no  reheat  is 
required. 

Machines  are  available  for  steam,  gas 
or  electric  operation,  whichever  the  pur- 
chaser specifies.  Standard  machines  are 
available  in  several  sizes  ranging  from 
350  cfm  upward, 

LECTRODRYERS  are  shipped  com- 
plete as  self-contained  automatic  units 
in  that  they  require  no  regular  manual 
attention  except  for  starting.  They  are 
built  for  continuous  operation  with  reac- 
tivation being  carried  on  simultaneously 
with  the  drying  operation. 


Write  for  full  details. 
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United  States-Air  Conditioning  Corporation 


3388  Como  Ave.  Southeast 

Heating,  Cooling 

Ventilating  and 

Air  Conditioning 

Equipment 


Minneapolis  14,  Minnesota 


iiiiiii 


For  Industrial, 

Commercial  and 

Residential 

Applications 


Evaporative      Condensers— 

A  cooling  unit  that  con- 
denses refrigerants,  avail- 
able capacities  from  3 
through  100  tons.  Permits 
savings  of  95  per  cent  in 
water  costs. 


Refrigerated  Kooler-aire— Single  assembly, 
combines  air-cooling  and  dehumidifyirig  units, 
refrigeration  compressor  and  evaporative  con- 
denser or  water  condenser.  3  to  40  tons.  Other 
models  available  for  water  chilling  with  either 
evaporative  condenser  or  water  condenser. 

Upright  Store  Conditioners— A  completely 
packaged  unit  designed  for  conditioning  appli- 
cations in  stores,  restaurants,  beauty  shops. 
3,  5  and  7J  ton  capacities. 

Unit  Heaters— Sus- 
pension type  heat- 
ers operating  on 
steam,  hot  water 
or  gas,  are  designed 
for  supplementary 
heating  in  facto- 
ries, garages,  ware- 
houses. 


De-Hu-Matic  Evaporative  Cooler. 

Automatic  temperature  ancl 
humidity  controls  create  cool  com- 
fort without  dampness.  Uses  all 
fresh  air.  No  coils,  compressors, 
condensers. 


Unit  Air  Conditioners—Coil- 
Blower  units  for  year  around 
air  conditioning.  Made  in  ceil- 
ing and  floor  models,  and  in  9 
sizes  from  1000  cfm  to  12,000 
cfm.  Units  available  with  coils 
for  hot  or  cold  water — Freori  or 
steam. 


Air  Washers — Single 
and  double  stage  2,500 
to  100,000  cfm  for 
cleansing,  cooling  by 
cold  water  or  refrig- 
erant, humidifying  or 
dehumidifying. 


Coils— Coils  for  every 
air  conditioning  re- 
quirement, includ- 
ing standard  and 
steam  distributing 
type  steam  coils, 
water  coils  for  heat- 
ing or  cooling,  and 
direct  expansion  coils. 
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Modu-aire— Coil-blower  year 
around  air  conditioning  units 
for  use  with  hot  and  chilled 
water,  Freon  or  steam.  No 
ducts  required.  Cooling  or  heat- 
ing can  be  controlled  in  indi- 
vidual rooms.  Capacities  from 
300  cfm  to  1560  cfm. 


Blowers — Back- 
wardly  and  for- 
wardly  inclined 
blade  blowers 
made  in  single 
or  double  inlet 
styles,  and  in  a 
variety  of  sizes 
and  capacities 
for  all  cooling,  heating,  ventila- 
ting and  air  conditioning  require- 
ments. 


Air  Conditioning  «  Central  Systems 


ALB  ANT 

ATLANTA 

BALTIMORE 

BIRMINGHAM 

BOSTON 

BUFFALO 

BUTTE 


Worthington  Femp  and  Machinery  Corporation 

Air  Conditioning  and  Refrigeration  Division 

-  -   &    HARRISON,  NEW  JERSEY 
LOUISVILLE  PHOENIX 

MILWAUKEE 
NEW  HAVEN 
NEW  ORLEANS 
NEW  YORK 
OMAHA 
PHILADELPHIA 


CHARLOTTE 

CHICAGO 

CINCINNATI 

CLEVELAND 

DALLAS 

DENVER 

DETROIT 


General  Offices: 

EL  PASO 
FORT  WORTH 
GALVESTON 
HOUSTON 
KANSAS  CITY 
KNOXVILLE 
Los  ANGELES 


PITTSBURGH 
PORTLAND,  ORB. 
PROVIDENCE 

ST.  Louis 
ST.  PAUL 
SALT  LAKE  CITY 


Representatives  in  all  Principal  Cities 


SAN  FRANCISCO 
SEATTLE 

SPRINGFIELD,  MABS. 
SYRACUSE 

TULSA 

WASHINGTON,  D.  C 
WILMINGTON,  DEL.' 


Self-contained  Air  Conditioners 

"  Cooling  (or  heating,  if 
desired),  dehumidifi- 
cation,  ventilation, 
circulation  and  air 
cleaning  for  commer- 
cial and  small  indus- 
trial applications. 3, 
5  and  1\  ton  capacities. 
Hermetic  compressor, 
finned  copper  tubing 
condenser,  large-sur- 
face finned  cooling 
coils. 

Freon  Refrigeration  Units 


For  all  air  conditioning  and  refrigera- 
tion applications  up  to  100  tons. 
Series  HS  Compressors—^  and  5  hp,  ver- 
tical, two  cyl.;  7J  hp  four-cyl.,  V-type 
with  Feather  Valves ;  splash  lubrication. 
Series  HF  Compressors— 10  to  100  hp, four- 
cylinder  V-type  and  six-cylinder  W-type; 
full  force -feed  lubrication.  Supplied  with 
mounted  horizontal  clcanable  type  shell 
and  tube  condenser  or  for  use  with 
Worthington  Evaporative  Condenser. 

Packaged  Air  Conditioners 

Series  RCY  for  year- 
round  air  conditioning 
provides  cooling,  de- 
humidification,  venti- 
lation, cleaning  and 
heating  of  air.  10,15, 
20  and  25  ton  sizes 
available.  Attractive 
styling,  heavy  steel 
frame  with  light- 
weight panels,  balanc- 
ed design,  all  parts  accessible. 


Centrifugal  Refrigeration 
Water  Cooling  Systems 


Freon-ll  centrifugal  compressor,  water 
cooler  and  water-cooled  condenser  in 
compact  unit  assembly.  Electric  motor 
or  steam  turbine  drive,  50  unit  sizes 
...  150  to  1200  tons. 

Air  Conditioning  Units 

Scries  AHY  and  AVY 
Central  Station  Air 
Conditioners  are  for 
year-round  air  condi- 
tioning; heating  roils 
and  humidifier  tion 
can  be  added.  AIIY 
units  for  horizontal 
a  i  r  fl  o  w  ,  coiling 
mounting;  AVY  vorti- 
cal for  floor  mounting.  5  sizes  from  2000 
to  12,000  cfm,  4  to  62  tons.  With  or 
without  internal  face  and  by-pass  damp- 
ers, also  cooling  coils. 

Unit  Heaters  and  Ventilators 

Series  UIIY  unit 
heaters  are  blower 
type,  for  largo 
spaces  requiring 
uniform  heating 
and  good  ventila- 
tion. Prevent  stra- 
tification and  eon- 
deiwate  freezing. 
Can  bo  arranged 
for  automatically 
introducing  out- 
side; air  or  regulat- 
ing recirculated 
air.  Five  unit 
sizes,  16  arrangements,  capacities  from 
100,000  to  1,200,000  Btu/hr  with  air 
volumes  of  1500  to  12,000  cfm, 
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Worthington  Pump  and  Machinery  Corp.      Air  Conditioning  •  Central  systems 


Evaporative  Condensers 


Series  ECZ  Freon-12  illustrated.  10  to 
150  tons  refrigeration .  Units  of  sectional - 
ized  construction;  all  parts  easily  acces- 
sible. Galvanized  steel  coils  for 
ammonia.  Bare  copper  for  Freon-12. 

Horizontal  Refrigeration 
Compressors 


Horizontal  Double-Acting  Refrigeration 
Compressor  in  single  or  duplex  types;  for 
single  or  two  stage  compression.  Capa- 
cities 50  to  1000  tons. 

Condensers  and  Brine  Coolers 

Multi-pass,  for 
closed  systems 
and  space  sav- 
ing. Heads  effi- 
ciently baffled 
to  produce  high 
liquid  velocity. 
Vertical  "Spira-Flo"  types  provided  with 
circular  water  box  and  special  water  dis- 
tributors. Cleanable  without  interfer- 
ing with  condenser  operation. 


Commercial  Product  Coolers 


Both  dry-  and  brine-spray  types,  in  many 
sizes  and  arrangements  for  cooling,  freez- 
ing and  storage.  Capacities  from  2  to  15 
tons,  2000  to  17,000  cfm. 

Vertical  Ammonia  Compressors 


Pressure -lubricated,  roller  main  bear- 
ings; safety  heads;  patented  Feather 
Valves;  belt  drive  or  direct  connected  to 
electric  motor,  diesel  or  gas  engine;  sizes 
3  x  3  to  10  x  10,  2-cylinder. 

Booster  Refrigeration 
Compressors 

Mult  i -cylinder  vertical 
single-acting  for  capaci- 
ties up  to  400  cfm .  Hori  - 
zontal  double-acting  for 
larger  capacity  require- 
ments. Designed  to  pro- 
duce and  maintain  low 
evaporator  pressures  re- 
quired for  low  tempera- 
ture applications  in  con- 
junction with  compres- 
sion or  absorption  refrigeration  systems. 
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Walton  Laboratories,  Inc. 

Irvington  11,  N.J. 


HUMIDIFIERS 


INDUSTRIAL  EQUIPMENT 


Walton  Industrial 
Humidifiers  are  de- 
signed for  overhead 
installation.  Being 
self-contained ,  they 
are  easily  installed—- 
simply connect,  to  a 
water  supply  line  and 
an  electrical  circuit- 
no  need  for  compres- 
sors, expensive  duct 
work  or  drain  piping. 


Model  "SO" 


Filter  1'rotecttd  Mode! 


MODEL  30 

OPEN  TANK  Model 


All  Industrial  Models  are  Supplied  Complete 

Ready  for  Installation 
Vaporizing  Capacities  Per  Hour 
3  Gallons  FILTER  PROTECTED  Model 

J  Gallon  JUNIOR  INDUSTRIAL  Model 

COMMERCIAL  Model  1-i  Pints 


I  (JaJlon 
1  (Jullon 


Bronze  Table  Model 


RESIDENTIAL  AND  OFFICE 
MODELS 

Walton  Domestic  Humidifiers  have  long 
boon  recognized  as  one  of  the1  most  effi- 
cient humidifiers  on  the  market  scien- 
tifically engineered  and  designed,  they 
can  be  supplied  in  Table  Models  as  well 
as  luxuriously  grained,  automatically 
controlled  Cabinet  Models, 


Walton  Humidifiers  use  no  heating  coils,  nozzles,  or  filters,  which  become  objec- 
tionably odorous  when  clogged  with  dust. 

BOOKLET  on  both  Industrial  and  Domestic  Equipment  mailed  upon  request. 
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Air  Conditioning 


,  Central 


York  Corporation 

York,  Pennsylvania 

Factory  Branches  and  Distributor  Engineering 
and    Sales    Offices    throughout    the    World. 

Air  Conditioning  and  Refrigeration  for  maintaining  proper  atmospheric 
conditions  for  industrial  processes  or  comfort  requirements.  Installations 
of  unit  and  central  systems  in  a  complete  range  of  capacities  and  types  for 
every  design  requirement. 


York  Turbo  Compressor 


York  V-W  Condensing  Unit 


Condensing  and  Water  Cooling  Systems — Turbo  (centrif- 
ugal) brine  and  water  cooling  systems  available  over 
wide  range  of  capacities — up  to  1500  tons  refrigeration 
for  Freon-11  water  cooling  duty — suitable  for  steam 
turbine  or  motor  drive. 

Self-contained  dynamically  balanced,  non-yibrating 
V/W  type  reciprocating  compressors  available  in 
capacities  up  to  350  tons  refrigeration  in  a  single  unit, 
with  water  cooled  or  economizer  type  condensers. 
Efficient  automatic  capacity  reduction  available  for 
economical  operation  at  reduced  load. 

The  York  Economizer— A  combined  force-draft  cooling 
tower  and  refrigerant  condenser,  is  available  for  instal- 
lations where  prohibitive  water  costs  or  inadequate 
drainage  facilities  preclude  the  use  of  a  water  cooled 
condenser.  Standard  factory  constructed  and  built-up 
units  may  be  used  singly  or  in  multiple  for  applications 
of  any  specified  capacity.  Economizers  for  use  with 
Freon  as  the  refrigerant  are  furnished,  as  standard, 
with  a  liquid  sub-cooling  coil.  Economizers  also 
designed  for  cooling  of  quench  oil  and  other  liquid 
coolants. 

Air  Conditioning  Units:  A  complete  line  of  finned  coil, 
dry  coil,  wetted  surface  and  spray  type  sectional  air 
conditioners  for  horizontal  or  vertical  applications, 
designed  to  facilitate  installation  and  the  distribution 
of  air.  Standard  units  can  be  equipped  with  by-pass 
feature  and  arranged  for  cooling  and  dehumidifying, 
heating  and  humidifying,  for  year-round  processing. 

Yorkaire  Unit  Air  Conditioner— A  compact,  self-contained 
model  occupying  but  21  x  42  inches  of  floor  space  and 
requiring  only  water,  drain  and  electrical  connections 
to  operate.  Special  features  provide  utmost  flexibility 
to  meet  varying  conditions.  Finger-tip  dial  control 
provides  automatic  and  manual  temperature  and  hu- 
midity control.  Air  volume  and  motion  may  also  be 
adjusted  by  a  special  control  and  the  directional  grille 
provides  directed  air  flow — up,  down  or  from  side  to 
side.  May  be  used  with  ducts  if  desired. 
Yorkaire  Conditioners  are  ruggedly  built,  quiet  in 
operation,  equipped  with  standard  fan  and  compressor 
motors  for  AC  or  DC. 

Dehumidifiers — For  central  station  systems  where  a 
large  volume  of  air  is  to  be  handled  and  where  control 
of  humidity  is  an  essential  requirement,  the  York  de- 
humidifier  is  especially  applicable.  Construction  fea- 
tures insure  a  minimum  space  demand  and  maximum 
performance  conditions.  Standard  washers  are  avail- 
able in  a  full  range  of  capacities  for  industrial 
installation. 
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York  Sectional  Economizer 


Yorkaire  Unit  Air  Conditioner 


Air  Conditioning 


American  Foundry  and  Furnace  Co, 

General  Offices:  Bloomington,  Illinois 

P.  0.  Box  904 
Sales  &  Engineering  Offices  in  Principal  Cities 


Auburn,  Ind. 

Lige  Warm.  &  Vent.  Co. 

Nashville 

Cooper  &  Winters 

Chicago 

Gillespie-Dwyer  Co. 

New  Orleans 

R.  K.  Rothrock 

Cincinnati 

Walter  A.  Juergens 

New  York  City 

The  Demuth  Co. 

Cleveland 

Amer.  Warm.  &  Vent.  Co. 

Oakland 

Aladdin  Heating  Corp. 

Denver 

Kent  Engineering  Co. 

Philadelphia 

Amer.  Htg.  &  Vent.  Co. 

Des  Moines 

C.  H.  Me  Guineas  Co. 

Richmond,  Ind. 

Harry  Hoff  S  M.  Works 

Elmira,  N.  Y. 

Amer.  Warm.  &  Vent.  Co. 

Richmond,  Va. 

Richmond  Air  Eq.  Co. 

Detroit,  Mich. 

H  J.  Clemens 

St.  Louis 

M.  F.  Carlock 

Grand  Rapids 

R.  T.  Shuttleworth 

St.  Paul 

Amer.  Fdry.  «fe  Fur  Co. 

Indianapolis 

James  H.  Elliott  &  Assoc. 

Salt  Lake  City 

Williams  Gritton  <fe  Wilde 

Kansas  City,  Mo. 

John  H.  Kitchen  &  Co. 

San  Antonio 

Lanehamraer-Rummel  Co 

Kenmore,  N,  Y. 

Murton  J.  Rodman 

Seattle 

McPherson  Fur.  &  Eq.  Co 

Los  Angeles 

Harry  F.  Haldeman,  Inc. 

Toledo 

Arner.  Warm.  &  Vent.  Co, 

Milwaukee 

Amer  Fdry.  &  Fur.  Co. 

West  Lafayette,  Ind. 

F.  H,  Speaker  &  Son 

F-12  LOUVER  DAMPER 

Made  to  fit  any  size  opening.  Adaptable  to 
automatic  or  hand  control .  Blades  of  16  gage 
steel.  Channel  frames  2  x  J  x  J  in.  stand- 
ard except  in  large  sizes—optional  i  x  2  in. 
bar  iron  frame.  Standard  steel  painted  alu- 
minum—optional galvanized  iron.  Ball  bear- 
ing blade  pivots  standard— optional  brass 
trunions.  Made  for  vertical  or  horizontal 
installation.  For  industrial  plants,  power- 
houses, hotels,  schools,  theatres,  etc. 
When  F-12  is  ordered  with  blades  longer  than 
48  inches,  dampers  are  made  in  multiple  sec- 
tions operating  in  unison.  Motor  brackets  for  internal  or  external  mounting  at 
charge.  Motors  and  connecting  linkage  furnished  by  others  unless  sprafi<rar 
ments  are  made.  Standard  is  as  illustrated  with  adjustable  extended  shaft 

S-454-F  COMBINATION  STORMPROOF 
LOUVER  and  DAMPER 

Consists^  of  galvanized  iron  frame  with  26  gage  gal- 
vanized iron  stationary  horizontal  stormproof  louver 
blades  riveted  securely  to  outside  frame.  Apron  ex- 
tends over  sill.  Back  of  stormproof  louver  is  No.  16 
mesh,  rust-proofed,  insect  screen  in  "U"  type  remova- 
ble frame.  Back  of  screen  is  multiple-blade  ball  bear- 
ing louver  damper— similar  to  F-12  but  with  off-center 
axle— to  control  volume  of  air  admitted.  Louver 
damper  blades  of  16  gage  steel  galvanized.  Frame 
of  2  x  J  x  J  in.  galvanized  channel  iron.  Dampers  can 
be  automatically  or  manually  controlled.  Blades 
all  work  in  unison.  Made  to  fit  opening  size  specified. 
Standard  for  8  in .  deep  wall .  Entire  assembly  or  any 
part  can  be  furnished  made  of  aluminum,  copper  o'r 
stainless. 

SUPERIOR  BLOWERS 

Forwardly  Curved  Multi blade  Type 
Heavy  Duty  Construction 
Made  in  Single  and  Double  Widths  with  wheel 
diameters  ranging  from  10  to  65  in.,  in  5  in.  incre- 
ments. Capacity  Range:  800  to  105,000  cfm 
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American  Foundry  and  Furnace  Co* 


Air  Conditioning 


Automatic  Heating 
'  Air  Control 


HEAVY  DUTY  HORIZONTAL  HEATERS 

Heavy  Cant  Iron  Construction  for  long,  depend- 
able service  and  steadier  heating  even  with 
automatic  burners.  Sectional  for  easy  con- 
vey ti  nee,  assembly,  and  part  replacement. 
Tiyht  Joints — offset  type  packed  with  furnace 
cement  and  asbestos  rope,  then  bolted.  In- 
tegrally Cast  Fins  add  strength  and  heating 
surface.  Long  Fire  Travel  saves  heat  and  fuel. 
Designed  to  Relieve  Internal  Stresses  set  up  by 
heating  and  cooling.  No  Freezing — No  Scaling 
ot*  heater  possible  since  no  water  used  to  trans- 
fer heat.  Attractive  Steel  Panel  Casing. 

CENTRAL  TYPE 
FORCED  WARM  AIR 

For  schools,  churches,  theatres,  audi- 
toriums, gyms,  drying  plants,  etc.  Pleats 
and  ventilates  with  same  system — uses  part 
outside  air  to  maintain  air  quality.  Air 
filters,  automatically  controlled  humidifier, 
and  automatic  temperature  regulation  op- 
tional. Output  Capacity  per  heater,  Btu 
per  hr: 

Hand  Fired  Coal—      278,000  to  1,942,000 

Stoker  Fired  Coal—    278,000  to  2,440,000 

Oil  or  (las—  278,000  to  4,080,000 

Two  or  more  heaters  may  be  set  together 
to  provide  any  desired  output  capacity. 
Special  Models  for  hand  fired  coal,  stoker 
fired  coal,  oil  and  gas. 

New  Convertible  Heater  (See  picture  top 
of  page)  now  in  production,  convertible 
Heater  designed  HO  only  minor  changes 
necessary  to  switch  from  use  of  one  fuel 
to  another  at  any  time  and  yet  preserve 
same  output,  capacity — a  distinct  advantage 
when  fuel  situation  uncertain. 

UNIT  HEATER  TYPE 
FORCED  WARM  AIR 

For  Industrial  Buildings,  Warehouses,  Factories, 
etc.  For  oil,  gas  or  stoker  fired  coal.  Use  for 
heating  and  ventilating,  or  for  tempering  outside 
air  supplied  to  replace  air  exhausted.  Each  unit 
is  complete  heating  plant.  Induced  Draft  Fan 
optional.  Output  Capacity  Range  per  Unit: 

Stoker  Fired  Coal  -  557 ,500  to  2,028,000  Btu  per 
hr. 

Oil  or  Gas  -  440,000  to  3,580,000  Btu  per 

hr. 

DOMESTIC  HEATING  EQUIPMENT 


;  I  .1 


June-Aire 
Gas  Fired 


June-Aire  Vertical 
Gas  Fired 
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American  Furnace  Co. 

2725  Delmar  Blvd.,  St.  Louis  3,  Mo. 

Factory-Red  Bud,  111.  Home  Office— St.  Louis,  Mo. 

Manufacturers  of  Warm  Air  Heating  Equipment 

Distribution  and  Sales  Offices  in  Principal  Cities 

GAS  -  OIL  -  COAL  FIRED  HEATING  UNITS 


SPACE  HEATERS— Suspended  ceiling  units  for  industrial  and  commercial  instal- 
lations— oil  or  gas  fired.  Space  saving  automatic  heat— no  furnace  room  needed. 
Functions  effectively  with  minimum  of  duct  work.  Rating,  to  210,000  Btu  output. 
Two  sizes — oil  input  1.35  gph  and  2  gph. 

Unit  Heater  AG A  approved — Gas  fired — vented — propeller  fan  forced  air  type  inod- 
ernly  styled,  die-formed,  welded  steel  cabinet — baked  hammerloid  finish.  Heat  ex- 
change elements  hidden  from  view  and  touch.  Fan  securely  mounted  at  rear.  Btu 
input,  90,000  and  150,000  per  hour—air  delivery  cfm—1400  and  2300. 

GAS  FIRED  UNITS— A  GA  approved 
gravity,  forced  air  and  Base-Bio  (hi- 
boy)  models.  Heat  exchanger  in  Master 
Gas  models — electrically  welded  gas 
tight  steel — -In  Thermo  design  —sectional 
cast  iron.  Nationally  known  controls, 
double  walled  Hammorloid  enamel  fin- 
ished cabinets.  Hourly  Btu  input  ratings, 
70 ,000  to  200 ,000. 

AGA  listed  gas  conversion  units  - 
Raised  port  upshot  burners  for  all  typo 
gases.  Ratings,  70,000  to  370,000  Btu 
input— for  furnace  or  boiler  installation. 
OIL  FIRED  UNITS—CJravity,  hi-boy 
and  forced  air  models — -Oil  Master, 
Vapor-Fire  and  Air  Stream  designs. 
Burners— Pressure  gun  typo  and  oil 
vaporizing  type. 

Combustion    unit — Heavy    gage    steel, 
designed  for  efficient  transfer  of  heat. 
Cabinets— Double  walled  construction, 
finished  in  two-toned  baked  Ilammerloid 
enamel. 

Models  available  in  a  range  of  75,000  to 
250,000  Btu  input  per  hour. 
Conversion  Burners  —Pressure  gun  typo 
—Sizes  75,000  to  588,000  Btu  output. 
Fuel  burning  capacity— -0.75  to  6  gal  per 
hour. 

SOLID  FUEL  UNITS— AF<!<)  gravity 
steel  furnaces  and  TIIKKMO  gravity 
cast  iron  furnaces —Thermo  pi  pel  ess  cast 
iron  and  AKCO  Modern  Air  (forced  air) 
steel  units.  Gravity  units  available  in 
conventional  round  galvanized  casing  or, 
like  forced  air  units,  in  square  cabinet 
finished  in  two-toned  Hammerloid 
enamel.  All  units  adaptable  to  auto- 
matic heat  with  gas,  oil,  or  stoker,  Btu  ca- 
pacity at  registers  up  to  230,000  per  hour. 
Stoker — "Triple  Seal"  construction  elim- 
inates hopper  smoke  nuisance.  Two 
sizes — 30  and  60  Ib  coal  feed  per  hour. 
Capacity  up  to  480,000  Btu  per  hour. 
Descriptive  Bulletin  Available  on  each 
Unit. 
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Automatic  Equipment: 
Heating  Systems 


DIVISION 
AFFILIATED  GAS  EQUIPMENT,  INC. 

17825  ST.  CLAIR  AVE.  *  CLEVELAND  10,  OHIO 

Let  the  pup  be 

furnace  man  Engineering,   Sales   and   Installation   Information   on   Bryant 

Equipment  available   through   Bryant   Distributors, 
Dealers  and  Gas  Companies  in  principal  cities. 

Bryant  designed  Gas  Boilers  include  tubular  cast  iron  sections,  ribbed  lower  tubes, 
large  steam  liberating  areas,  all  heating  surfaces  readily  accessible  for  cleaning.  In- 
sulated metal  covers  and  Bryant  gas  controls.  Complete  range  of  AGA  inputs  from 

67,500  to  3,996,000  Btu/hr  for  steam 

and  hot  water  heating  systems,  volume 

water  heating  and  industrial  process. 

Bryant  Forced  Warm  -Air ,  Gas -Fired 
Furnaces  complete  with  blowers,  hu- 
midifiers and  air  filters,  are  compactly 
designed  for  both  small  and  medium- 
sized  housing,  and  for  offices  or  indus- 
trial use.  Models  are  available  with 
heating  sections  made  of  either  tubu- 
lar cast  iron  or  12-gage  steel.  All 
are  AGA  approved  with  Bryant  au- 
tomatic controls. 

Vertical  Type — suitable  for  almost  all 
installations,  especially  for  utility 
rooms  and  closets  where  floor  space 
is  limited.  Over-all  height  approxi- 
mately five  feet.  Capacities  range 
from  45,000  to  145,000  Btu/hr  input. 
Horizontal  Type— low  in  height,  best 
suited  for  low-ceiling  installations. 
Available  in  sizes  60,000  to  375,000 

Forced  Warm- Air  Furnace  lUii/hr  in  nut 
(Vertical  Type)  ^W*"  mpui. 

Bryant  Suspended-Type  Gas-Fired  Unit 
Heaters  available  in  nine  sizes  rang- 
ing from  65,000  to  255,000  Btu/hr 
A GA  inputs.  Efficient  heat  exchanger 
of  vertical  tube  construction.  Avail- 
able in  cither  cast  iron  combustion 
chamber,  alloy  steel  tube  or  all  steel 
types.  Quick,  clean,  efficient  heat  for 
all  types  of  industrial  and  commercial 
space.  Flexible,  automatic  control 
and  large  volume  air  circulation  pro- 
duce ideal  space  heating  results. 


Steam  and  Water  Boilers 


Forced  Warm-Air  Furnace 
(Horizontal  Type) 


Suspended-Type 
Unit  Heater 


Bryant  Air  Dryers  withrotary  silica  gel  drums, 
arc  completely  automatic  in  operation  and 
find  application  for  exact1  humidity  control 
in  industrial  processing,  comfort  air  condi- 
tioning and  the  drying  and  storing  of  hygro- 
scopic materials.  'Available  in  air  capacities 
ranging  from  800  to  15,000  cfm.  Standard 
units  are  reactivated  by  gas.  Indirect  units 
arranged  for  use  with  "high- pressure  steam 
coils  or  electric  strip  heaters  arc  available. 
See  your  local  Bryant  Distributor  or  write 
for  complete  details  and  specifications. 
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Campbell  Heating  Company 

31st  and  Dean,  Des  Moines,  Iowa 

SUMMER  and  WINTER  AIR  CONDITIONING 

Industrial,  Commercial — Institutions,  Residences 

EASTERN  REPRESENTATIVE:  NEIL  ADAMS,  OLD  YOKK  ROAD,  LAMKEHTVILLK,  N.  .f ,  TKLKPIIONK  No.  UBS 


CAMPBELL  "WINTER-CHASER"  AIR  CONDITIONING  SYSTEM 

The  Cainpbell  "Winter-Chaser"  System  provides  all  the  essentials  of  winter  air 
conditioning:  Simultaneous  control  of  temperature,  humidity,  air  circulation  and  air 
cleanliness,  besides  providing  fresh  air  for  ventilation,  quick  heating,  flexibility;  and 
a  summer  cooling  effect.  Campbell  equipment  is  built  of  the  best  materials  obtain- 
able, and  has  been  developed  through  over  sixty  years  of  experience.  The  system  is 
designed  by  competent  experienced  engineers  and  installed  by  experienced  mechanics. 
It  is  guaranteed  as  to  results  and  for  10  years  as  to  durability.  We  will  bo  glad  to 
help  solve  any  heating  or  ventilating  problems  or  help  with  layouts  and  specifications 
for  churches,  schools,  garages,  etc. 

For  Large  Schools,  Churches,  Commercial  and 
Industrial  Buildings 

GAS— OIL—STOKER  OR  HAND  FIRED 


»*.  aunuit,i»^M 


Furnace 
Number 

Sq.  Ft. 
Grate 

Heat- 
ing Sur- 
face 
Sq,  Ft. 

For 
Building 
Heat  Loss 
Btu 

Maximum 
Capacity 
Btu 

Blower 
CFM 

Size 
Motor 

DimenttionH 
Cutting 

Addnl. 

HI  wee 
tor 
Blower 

Approx. 
Ship- 
ping 
Weight 

8075 
8100 
8125 
8150 
8175 
8200 
8250 

7M 
10 
12M 
15 

17H 
20 
25 

280 
320 
360 
440 
480 
600 
750 

483,000 
596,000 
720,000 
850,000 
960,000 
1,150,000 
1,440,000 

725,000 
893,000 
1,080,000 
1,275,000 
1,440,000 
1,725,000 
2,160,000 

8850 
10900 
13200 
15600 
17500 
21100 
26400 

K 

h 

2 
2 
3 

75  x   80-  88"  high 
75  x   93-  96" 
75  x  105™-  96* 
75x118-102" 
75  x  130-102" 
94  x  137—120'" 
94  x  157—120' 

54" 
(JO* 
OB* 
66* 

72* 
78* 
76* 

4600 
5500 
«500 
7500 
flOOO 
100W 
12000 

Unit  includes  furnace,  casing,  blower,  motor,  V-flat  drive. 
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CAMPBELL  "WINTER-CHASER"  AIR  CONDITIONING  SYSTEM 
ENGINEERING  SERVICE 

Our  Engineering  Department  consists  of  trained  graduate  engineers  backed  by  60 
years  of  practical  experience.  We  will  be  glad  to  help  solve  any  heating  or  ventilating 
problems  or  help  with  layouts  and  specifications  for  churches,  schools,  garages  or  any 
large  building. 

GUARANTEE 

If  the  duct  system  is  designed  or  approved  by  our  Engineering  Department,  and 
heater  and  blower  are  furnished  by  us  and  are  according  to  our  ratings,  we  will  guaran- 
tee any  heater  for  ten  years  against  repairs  from  any  cause  and  will  guarantee  the 
heating  of  all  rooms  to  which  warm  air  is  delivered  to  70°  in  the  coldest  and  windiest 
weather.  The  motor,  humidifier,  automatic  burner  and  controls,  and  other  parts 
made  by  others  carry  their  manufacturers'  guarantee. 

GAS  OR  OIL  FIRED 


No. 

Heat  Loss 
of  Bldg., 
Btu  per  hr. 

Output  at 
Registers, 
Btu  per  hr. 

Heat- 
ing Sur- 
face, 
SOL.  ft. 

C.F.M. 
for  135° 
Register 
Temp. 

Motor 
Size, 
H.P. 

Gals. 
Oil 
per 
hr. 

Gas  or  Oil 
Input, 
Btu  per  hr. 

No.  of 
Filters  and 
Size,  inches 

Casing  Size,  inches 

L 

W 

Ht. 

I860 

100,000 

112,000 

66 

1400 

tf 

1 

140,000 

4-16  x  20 

78 

41 

52 

18100 

150,000 

168,000 

100 

2100 

^ 

m 

210,000 

4-20  x  20 

86 

41 

57 

27133 

200,000 

224,000 

133 

2800 

14 

2 

280,000 

6-16  x  25 

87 

50 

61 

30166 

250,000 

280,000 

166 

3500 

y, 

2VS 

350,000 

6-16  x  25 

92 

60 

74 

30200 

300,000 

336,000 

200 

4200 

3 

420,000 

9-16  x  25 

97 

60 

74 

30233 

350,000 

392,000 

233 

5000 

"/$> 

m 

490,000 

12-20x20 

104 

80 

72 

30250 

400,000 

448,000 

250 

5600 

V* 

4 

560,000 

12-20  x  20 

104 

80 

72 

For  churches,  schools,  or  buildings  where  rapid  temperature  raising  is  necessary 


133D 

200,000 

290,000 

133 

3700 

1A 

3 

365,000 

6-16  x  25 

87 

50 

61 

IfiOD 

250,000 

365,000 

166 

4COO 

3K 

455,000 

6-16  x  25 

92 

60 

74 

200D 

300,000 

440,000 

200 

5500 

% 

4 

550,000 

9-16  x  25 

97 

60 

74 

233  D 

350,000 

510,000 

233 

6400 

%, 

4H 

635,000 

12-20  x  20 

104 

80 

72 

250  D 

400,000 

580,000 

250 

7300 

% 

M 

730,000 

12-20  x  20 

104 

80 

72 

255D 

450.000 

660,000 

255 

8300 

6 

820,000 

12-20x20 

104 

80 

72 

Campbell  Heaters  are  guaranteed  to  deliver  full  rated  capacity. 
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AIRTEMP  DIVISION  OF  CHRYSLER  CORPORATION,  DAYTON  1,  OHIO 


mmm 


"PACKAGED"  AIR  CONDITIONERS 

AVAILABLE  IN  2,  3,  5  and  8  TON 
COMPLETE — Cools,  dehumidifies,  filters,  circulates  the 
air.  Free  air  discharge  or  duct  distribution.  Heating 
coil  for  year  'round  service,  optional.  COMPACT — 
Everything  enclosed  in  a  rust-resistant  "Bomlerized" 
cabinet  of  modern  design  with  chrome  hardware  and 
trim.  Occupies  minimum  of  floor  space.  NEW  AIR- 
FOIL GRILLE — The  modern  Airtemp  grille  is  fully  ad- 
justable for  horizontal  and  vertical  air  flow.  EASILY, 
QUICKLY  INSTALLED— Tested  and  completely  assem- 
bled at  the  factory.  Needs  only  three  connections; 
electric,  water  and  drain.  SEALED  RADIAL  COM- 
PRESSOR—Quiet,  all  moving  parts  balanced  to  elimi- 
nate vibration.  Entire  compressor  assembly  suspended 
from  single  rubber  mounting.  FLEXIBLE-™' 'Packaged77 
Air  Conditioners  can  be  installed  singly  or  in  multiple 
to  meet  almost  any  requirement.  Can  be  moved  easily. 


CHRYSLER  AIRTEMP  RADIAL  CONDENSING  UNITS 
AVAILABLE  IN  10  TO  75  HORSEPOWER  CAPACITIES 

These  heavy-duty  Radial  Condensing  Units,  for  use  with  Frcon,  are  especially 
adapted  for  refrigeration,  for  industrial  processes  or  air  conditioning.    Airtemp 
Radial  compressors  are  direct  connected  and  have  force-feed  lubrication.     The  auto- 
matic capacity-reduction  device  gives  vari- 
able .  .  .  high  operating  efficiency.    Light 
in  weight  and  economical  to  operate,  these 
condensing  units  are  shipped  ready  to  run. 
Vibrationless,  they  are  very  easy  to  install 
because  special  foundations  are  not  neces- 
sary.   Each  pressure  vessel   approved  by 
Underwriters    Laboratories.       Compressor 
units  are  also  available  for  use  with  evap- 
orative condensers. 


INDIVIDUAL  ROOM  AIR 
CONDITIONERS 

By  connection  with  central  hot  and  cold  water 
systems  these  units  are  used  for  year  around  heat- 
ing and  cooling.  Ideal  for  offices,  apartment  H  and 
hotels.  Cabinets  heavy  16  gage  steel  Bondoriswd  to 
resist  rust.  Airfoil  supply  grille.  Two  centrifugal 
type  fans.  Airtemp  design  "Maxi-Fin"  Coil.  Built 
in  controls.  Has  outside  air  opening. 
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AUTOMATIC  HOME  HEATING 


IJf 


VAPORIZING-OIL-BURNING  AUTOMATIC  FURNACE  . .  .Models 
for  forced-air— 52,000  Btu  output ;  gravity,  50,000  Btu  output.  Sure- 
Draft  Fan  assures  highest  overall  efficiency.  "Bonderized"  and  in- 
sulated jacket.  Forced  air  model  approved  for  closet  installation, 
Underwriters'  Laboratories,  Inc. 

OIL-FIRED  AUTOMATIC  FURNACE  .  .  .  Heats,  humidifies,  filters 
and  circulates  the  air.  Eight  models,  from  70,000  to  200,000  Btu  out- 
put. "Bonderized"  and  insulated  jacket.  Metal  combustion 
chamber,  arc-welded  firebox  of  copper-bearing  steel;  large,  slow- 
speed,  rubber  mounted  fan.  New  Airtemp  oil  burners  on  all  models. 
Approved  by  Underwriters'  Laboratories,  Inc. 

GAS-FIRED  AUTOMATIC  FURNACE  .  .  .  Heats,  humidifies,  filters 
and  circulates  the  air.  Steel  Models  60,000  to  185,000  Btu  output. 
"Bonderized"  and  insulated  jacket.  The  Airtemp  "Silent  Flame" 
Gas  Burner  starts,  stops  and  operates  quietly,,  has  many  exclusive 
features — no  popping  or  flash-backs.  Approved,  A.G.A.  Labora- 
tories. 

OIL-FIRED  STEEL  BOILERS  .  .  .  Three  models— BLF-110  rating 
460  sq  ft  EDR,  BLF-165  rating  690  sq  ft  EDR,  BLF-220  rating  920 
sq  ft  EDR,  of  steam  at  the  boiler  header.  Combustion  chamber  of 
quality  chrome  steel.  Boiler  is  combination  of  "Scotch  Marine"  and 
Locomotive  types.  Complete  with  Airtemp  burner  and  all  controls. 

COAL-FIRED  FURNACE,  GRAVITY  .  .  .  Round,  galvanized  or 
square  green  crinkle  enamel.  Furnace  body  of  heavy  steel  boiler 
plate— seams  electrically  welded.  Front,  heavy  gauge  pressed  steel. 
Fire  brick  lining.  Sizes  20  in.,  22  in.,  24  in.,  and  27  in.;  Btu  at 
bonnet,  88,150  108,000,  119,200,  and  154,000. 

COMBINATION  HEATING  AND  COOLING  FOR  THE  HOME  .  .  . 

Combination  of  a  2  ton,  3  ton  or  5  ton  Chrysler  Airtemp  "Packaged" 
Air  Conditioner  and  any  of  the  larger  Chrysler  Airtemp  automatic 
furnaces.  The  same  blower,  filters  and  ducts  of  the  automatic  heat- 
ing system  are  employed  for  cooling  in  the  summer. 

STOKOL  STOKERS  .  .  .  Domestic,  available  in  both  hopper  and 
bin-feed  models  for  anthracite  or  bituminous  coal  for  burning  15  to 
50  Ib  per  hour.  Commercial,  in  both  hopper  and  bin-feed  models, 
burning  bituminous  coal,  75  to  1000  Ib  per  hour.  Powerful  trans- 
mission, sectional  retort  and  safety  coupling. 

CONVERSION  OIL  BURNERS  .  .  .  New  pressure-atomizing  oil 
burner burns  all  catalytic  oils.  Many  other  new  features.  All  Air- 
temp  Oil  Burners  are  approved  by  Underwriters'  Laboratories,  Inc. 
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HE  MJ/ER  FURNACE  COMPAN/ 

PEORIA.ILLINOIS 

Manufacturers  of  Heating  and  Air 

Conditioning  Equipment  for  Coal, 

Gas  and  Oil  Burning 


Branches  and  Distributors 
ATLANTA,  GA. 
BIRMINGHAM,  ALA. 
CHICAGO,  ILL. 
COLUMBUS,  0. 
DBS  MOINES,  IA. 
FLORENCE,  S.  C. 
KANSAS  CITY,  Mo. 
LIMA,  O. 

MILWAUKEE,  Wis. 
NEW  YORK,  N.  Y. 
OMAHA,  NKBR. 
PHILADELPHIA,  PA. 
PITTSBURGH,  PA. 


WEIR  and  MEYER  Steel  Warm-Air  Furnaces,  have  over  an  SO-ycar  reputation  for 
efficiency,  dependability  and  durability.  They  are  available  for  small  and  large  re- 
quirements and  for  all  fuels  in  a  wide  variety  of  firing  applications. 

WEIR  COAL-FIRED  EQUIPMENT 

The  WEIR  coal-fired  equipment  is  available  in  four  types,  the  U,  UO,  H,  and  500 
Series,  ranging  from  81,000  to  1,000,000  Btu/hr  output  at  bonnet.  Kvon  greater 
outputs  can  be  procured  through  multiple  installations.  This  equipment  uses  the 
rugged,  efficient,  gas  tight,  welded  and  riveted  construction.  All  of  this  equipment 
may  be  stoker  firecl  and  is  readily  adaptable  to  oil  or  gas  firing. 

U  SERIES  GRAVITY  coal-fired  furnaces 
are  available  in  five  sizes  ranging  From 
91,300  to  170,000  Btu/hr  output  at  bon- 
net. 

UC    SERIES   FORCE!)   AIR   coal -fired 

furnaces  are  available  in  five  sizes  rang- 
ing from  81,000  to  191,000  Btu/hr  out-put 
at  bonnet. 

R  SERIES  HEAVY  DUTY  coal-fired 
furnaces  are  available  as  forced  air  units 
in  two  sizes  with  maximum  outputs  at 
bonnet  of  400,000  and  500,000  Btu/hr. 
The  400,000  Btu-hr  unit  is  also  available 
as  a  gravity  unit.  This  equipment  is 
available  in  round  or  rectangular  casings. 

500  SERIES  HEAVY  DUTY,  coal-fired, 
forced  air  furnaces  are  available  in  five 
sizes  ranging  from  550,000  to  1,000,000 
Btu-hr  output  at  bonnet. 


U  Series 


('C  ticrics 


R  Series 


MEYER  BLO-AIRE 

These  blower  and  filter  units  enable  you  to  convert  almost 
any  gravity  installation  to  forced  air."  They  can  be  used  for 
gas,  oil,  stoker,  or  hand  fired  furmieeK.  Available  in  four 
sizes  ranging  from  1,000  to  2,600  cfm  air  deliverv. 


MEYER  SUMMER  AIR  CONDITIONER 

MEYER  Home  Summer  Air  Conditioners  are  designed  to  fit. 
neatly  to  the  fan  compartments  of  both  oil  and  gas  fired  A'lever 
equipment.  Available  in  2, 3, 5, 6,  8  and  10  ton  sizes  these  units 
are  easy  to  install,  and  inexpensive  to  operate.  They  may  be 
installed  at  the  same  time  the  heating  equipment  is' installed 
or  later. 
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MEYER  OIL-FIRED  EQUIPMENT 

The  MEYER  oil-fired  air  conditioners  are  available  in  four  types,  the  D,  B,  E,  and 
Iv  series  ranging  from  72,500  to  294,000  Btu/hr  output  at  bonnet .  The  D  and  B  Series 
arc  Hi-boys  suitable  for  basement  or  first  floor  installation,  and  the  E  and  K  are 
designed  for  basement  installations. 


D  Series 


E  Scries 


D  SERIES  FORCED  AIR  oil-fired  Hi-boy  has 
an  output  at  the  bonnet  of  72,500  Btu/hr.  This 
unit  uses  an  Underwriters'  Laboratory  approved 
burner  of  the  vaporizing  type.  Designed  for 
small  homes  this  unit  is  compact  and  smartly 
styled. 


B  SERIES  FORCED  AIR  oil-fired  Hi-boys  are 
available  in.  two  sizes,  93,500  and  110,000  Btu/hr 
output  at  bonnet.  These  units  use  the  high- 
pressure  gun- type  oil  burner, 

E  SERIES  FORCED  AIR  oil-firctl  equipment 
is  available  in  two  sizes,  110,000  and  165,000 
Btu/hr  output  at  bonnet.  These  units  employ 
extra  heavy  gage  heating  elements  of  the  tubu- 
lar design,  which  extract  maximum  heat  from 
the  fuel  used. 


K  SERIES  FORCED  AIR  oil-fired  equipment1 
is  available  in  two  sizes,  203,000  and  294,000 
Btu/hr  output  at  bonnet.  These  units  are  de- 
signed primarily  for  larger  homes  and  build- 
ings. 


B  Scries 


K  Series 


MEYER  GAS-FIRED  EQUIPMENT 

The  MEYER  gas-fired  equipment  is  available  in  three  types,  the  Q, 
and  G  Scries  ranging  from  75,000  to  495,000  Btu/hr  inputs.    This  entire 
gas  line  is  /Lfr.A.  approved. 


Q  Series 

Q     SERIES     GRAVITY 

gas -fired  equipment  is 
available  in  three  sizes 
ranging  from  75,000  to 
150,000  Btu/hr.  These 
units  feature  an  extra 
large  heating  element 
and  a  Meyer  fountain 
burner  which  produce 
amazing  fuel  economics. 


Q  Series 

G  SERIES  FORCED  AIR 

gas-fired  is  available  in 
five  sizes  ranging  from 
110,000  to  495,000  Btu/hr 
inputs.  These  units  em- 
ploy extra  heavy  gage 
heating  elements  of  the 
tubular  design,  which 
extract  maximum  heat 
from  the  fuel  used. 
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M  Series 

M     SERIES     FORCED 

AIR  gas-fired  hi-boy  has 
an  input  of  90,000 
Btu/hr.  It  is  designed  to 
furnish  winter  air  con- 
ditioning for  those  who 
want  to  save  space  in 
their  small  homes. 


Air  Conditioning 


L.  J.  Mueller  Furnace  Co.  -  Milwaukee  7,  wis. 


HEATING 


BHX  n.  &  PAT.  on*. 


AIR  CONDITIONING 


Type  "102" 

This  gas -fired  winter  air 
conditioner  is  of  steel  sec- 
tional construction,  with 
the  blower  compartment 
at  the  rear  of  the  unit. 
It  is  available  in  two  sizes 
with  A.G.A. input  ratings 
of  180,000  and  225,000  Btu 
per  hour. 


"Type  108" 

Gas-fired  winter  air  con- 
ditioner; cast-iron  sec- 
tional construction.  Each 
heat  exchanger  section 
fired  by  individual 
burner.  Available  in  five 
sizes  with  A.G.A.  input 
ratings  of  67,500,  00,000, 
112,500,  135,000,  and 
157,500  Btu  per  hour. 


'Type  111" 

Gas-fired  steel  gravity 
furnace4,  available'  in 
90,000  Btu  input  capac- 
ity. A.G.A.  approved. 
Shipped  completely  as- 
sembled.  Solid  base  with 
leveling  screws. 


"Type  110" 
Gas-fired  winter  air 
conditioner  for  closet 
or  utility  room  instal- 
lations. All-welded 
steel  heat-exchanger. 
Available  in  three 
sizes  with  AGA  input 
ratings  of  60,000,  SO,- 
000  and  100,000  Btu 
per  hour.  White  or 
green  finish. 


Type  "10" 

Gas -fired  boiler,  with 
enclosedcontrols,  used 
for  residential  instal- 
lation. It  has  A.  G.  A. 
ratings  of  290  to  2015 
sq  ft  for  water  and  180 
to  1260  sqft  for  steam. 
Approved  for  LP-Gas. 
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Type  "20" 

Gas-fired  boiler  used  primarily  for 
large  installations.  It  lias  A  ,G.A . 
ratings  of  16X0  to  20,160  sq  ft  for 
hot  water  and  1050  to  12,6(M)Hqft 
for  steam.  Both  this  boiler  and 
the  Types  "10"  and  "II"  can  be 
equipped  for  both  direct  and  in- 
direct water  heating  applications . 


L.  J*  Mueller  Furnace  Co. 


AJ*  r**—Ji*i***f**,  *  Automatic  Equipment; 
Air  Conditioning  *  Heating-Cooling 


Type  "901" 

Summer  air  conditioner 
available  in  3-  and  5-ton 
sizes.  Shown  installed 
in  Type  105  gas-fired 
furnace  which  has  A. 
G.A.  inputs  of  100,000 
and  150,000  Btu. 


Type  "50" 

Oil-fired  winter  air  condi- 
tioner with  outputs  at 
register  of  100,000  to  225,- 
000  Btu,  with  selection  of 
blower  sizes.  Fired  by 
pressure -atomizing  burn- 
er. Welded  steel  heat 
exchanger. 


"Type  150" 

Gas-fired,  direct  hori- 
zontal tubular  suspended 
unit-heater.  All-welded 
steel,  heat-exchanger. 
Available  in  four  sizes 
with  AGA  input  ratings 
of  60,000,  90,000,  120,000 
and  150,000  Btu  per  hour. 


Type  "UH" 

Gas-fired  unit  heater  for 
space-heating  require- 
ments. Available  with 
A.G.A.  inputs  of  100,000 
to  540,000  Btu  per  hour. 


Type  "202" 

Oil-fired  winter  air  condi- 
tioner available  with  in- 
puts of  100,000  and  150,000 
Btu.  Unit  may  be  con- 
verted to  gas.  Also 
available  for  gravity  op- 
eration. Fired  by  vapor- 
izing or  pressure  burners. 


Type  "500" 

Gas-fired  conversion 
burner  available  with 
A.G. A. -listed  maximum 
inputs  of  125,000, 175.000, 
225,000  and  275,000  Btu 
perhour. 
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Type  "OH-57" 

Oil-fired  unit  heater  used 
primarily  for  commercial 
and  industrial  applica- 
tions. Available  with 
outputs  of  80,000, 
108,000  and  250,000  Btu 
per  hour. 


Type  "209" 

Oil-fired  winter  air  con- 
ditioner with  100,000  and 
135,000  Btu  inputs  with 
pressure  burner.  Can 
be  converted  to  gas 
firing. 


Type  "702" 

Steel  coal  furnaces  manu- 
factured in  20,  22,  24,  27 
and  30  in.  sizes.  Type 
"FB"  cast  iron  furnaces 
made  in  20,  22, 24,  27  and 
30-in.  sizes. 


Air  Conditioning 


Automatic  Equipment 
Heating  Systems 


The  Waterman- Waterbury  Co. 

Minneapolis  13,  Minnesota 

Manufacturers  of  WATERBURY  Coal,  Oil  and  Gas 
Fired  Furnaces  and  Air  Conditioning  Equipment 


WATERBURY  GAS-TITE  FURNACE  A  100  Series 

The  welded  steel  furnace  body  keeps  dust,  smoke  and  fumes  out 
of  the  air  stream.  A  large  combustion  chamber  and  radiator  with 
long  fire  travel  insure  efficiency  and  economy. 

Also  furnished  in  a  complete  home  Air  Conditioner. 


Gravity 
Size 

BTU/HR 

Body 
Dia. 

Body 
H«t. 

Round 
Galv. 
Dia. 

Round 
Galv. 
Hgt 

Sq    In. 
Leader 
Pipe 

Size  Sc[ 
Casing 

Sixc-  Sq 
Casing 
Outlet 

A120 
A122 
At  24 
A  1  27 

85,000 
94,200 
105,100 
136.500 

20 
22 
24 

27 

52 
52 
52 

59 

41 
43 
45 
49 

65 
65 
f>5 

72 

470 
524 

5Sf> 
75S 

38\3S 
40x40 
42x42 
4(5x4f> 

34x34 

3(i\3  <> 

3Xx3S 
42\42 

52 

51) 


Heating 

Surfmv 

Sq  Ft 

38.7 

3<u> 

44.15 

57.4 


Gastite  Air  Conditioner 


Air  Con- 
di tionei 
Size 

Output 
BTU- 
HR 

Width 
Cas- 
ing 

W3 

«'s 

& 

4J     C 

A120-  9 
A  120-10 
A  122-  9 
A  122-10 
A124-10 
A  124-1  2 
A127-12 
A127-15 

95,400 
95,400 
105,800 
105,800 
118,200 
118,200 
153,000 
153,000 

38" 
38 
40 
40 
42 
42 
46 
46 

50" 
50 
54 
54 
60 
(50 
62 
02 

52" 
52 
'52 
52 
52 
52 
59 
59 

Size 
Outlet 
Open- 
ing 

Size 
Inlet 
Open- 
ins 

28x34 
28x34 
28x36 
28x30 
34x38 
34x38 
34x42 
34x42 

16x34 
16x34 
20x86 
20x36 
20x38 
20x38 
22x42 
22x42 

Sixe 
Kac  h 
Filter 

10x2(7 
Ifix20 
20x25 
20x25 
20x25 
20x25 
20x25 
20x25 


1500-1200 
400-  H()() 
(500-1200 
(500-1200 
1000-2000 
1000-2000 
1800-2600 


WATERBURY  GAS  FIRED  AIR  CONDITIONER 

The  latest  achievement  of  Waterbury 's  engineers,  designed 
specifically  for  gas.  Completely  automatic — filtered,  humidi- 
fied forced  air — enclosed  in  a  compact,  baked  enamel  casing. 
Can  also  be  furnished  for  Propane  or  Butane. 


Size 

Input 
Rating 
BTU 
Per  Hr. 

BTU 
Output 

Blower  CFM 
Range 

rC? 

Length 

il 

Size 
Outlet 
Open- 
ing 

Sissc 
Return 
Inlet 

Open- 
ing 

No.  of 
Fit- 
tetti 

ear  1  1 
Filter 

Fill!' 

Pipe 
Dia- 

A 

X 

6418A-9B 

90,000 

72,000 

400  to  800 

28" 

59" 

48" 

24x23 

24x16 

2 

It  5x25 

5" 

V 

6413A-9 

90,000 

72,000 

400  to  800 

28" 

28" 

67" 

24x24 

22x15 

2 

115x25 

5* 

V 

HBB 

6415A-10B 

120,000 

97,000 

600  to  1,200 

28" 

61" 

53" 

24x23 

24xlK 

2 

IflX1*') 

f>" 

U    if 

6415A-10 

120,000 

97,000 

600  to  1  ,  200 

30" 

30" 

76" 

26x26 

22x15 

2     i  iiix25 

fl" 

3,t" 

HB 

6418A-12B 

150,000 

120,000 

1,000  to  2,  000 

34" 

71" 

53" 

30x30 

22x30 

2 

20x25 

7" 

V 

6418-12HB 

150,000 

120,000 

1,000  to  2,  000 

34" 

34" 

81" 

30x30 

22x20 

2 

20x25 

•i" 

6426A-15B 

180,000 

144,000 

1,800  to  2,  600 

55" 

60" 

50" 

24x51 

36x28 

4 

10x20 

2-5  to  0 

i» 

6430  A-  1  SB 

240,000 

192,000 

3,  000  to  4,  200 

55" 

60" 

58" 

24x51 

36x28 

UJx20 

2-6  to  7i 
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/lnV  r*^«i^*^x%M«M^«  m  Automatic  Equipment 
AlT  LOnaltlOmng  •  Heating  Systems 


The  Waterman- Waterbury  Co. 


Minneapolis   13 
Minnesota 


WATBRBURY  6300  Series  OIL  FIRED  AIR 
CONDITIONER 

Completely  automatic  oil  heat  with  forced,  filtered,  humidi- 
fied air,  all  enclosed  in  one  compact  casing  finished  in  baked 
enamel. 


bO 

0 

.2 

r& 

-ffSlf 

•g      y, 

fH                ^ 

fl  WJ 

1 

Size 

«St3 

-^'1  »o 

bO 
A  C 

^  H 

-1 

1-i 

-5     ^ 

CD^'g 

<W   «   S 

g£'a 

^  2 

f  ^ 

02 

i—  i 

fell 

fl 

f 

ss 

w° 

o  s 

l§ 

m 

S 

|loS 

ll'^ 

ci^ 

|| 

G313A-9B 

.75 

75,000 

28" 

59" 

Is7' 

24x23 

24x16 

2^" 

~2 

"16x25 

6" 

6315A-10B 

1.00 

100,000 

28" 

61" 

53" 

24x23 

24x18 

2%" 

2 

16x25 

7" 

6313A-9HBB* 

.75 

75,000 

28" 

28" 

67" 

24x24 

22x15 

2" 

2 

16x25 

6" 

6315A-10HBB* 

1.25 

115,000 

30" 

30" 

76" 

26x26 

22x15 

2 

1  6x25 

7" 

6318-12B 

1.35 

135,000 

34" 

71" 

53" 

30x30 

22x30 

2" 

0 

20x25 

7" 

6318-12HBB* 

1.35 

135,000 

34" 

34" 

81" 

30x30 

22x30 

2 

20x25 

1" 

*  HB  indicates  a  Hi-boy  model 


WATERBURY  GAS  GRAVITY  FURNACE 


Size 
Furnace 

Input 
Hating 
Btu 
per  Hr 

Output 
Rating  Sq 
In.  Warm 
Air  Pipe 

Width 
In. 

Length 
In. 

Height 
Overall 
In. 

Size 
Outlet 
Open- 
ing 

Rec. 
Flue 
Pipe 
Diam. 

Size  Gas 
Connec- 
tion Re- 
quired In, 

6413A-G 
641  5  A-  G 
C418A-C 

80,  000 
110,000 
130,000 

60,000 
S2,500 
97,500 

28" 
30" 
40" 

28" 
30" 

37" 

48" 
53" 
53* 

24x24 
26x26 
36x33 

5" 
6" 

1" 

W 
*4» 

V 

SEAMLESS  OIL  FIRED  FURNACE  BODY 

Specially  engineered  for  oil  firing  only,  it  may  be  used  as  a 
gravity  circulating  pipe  furnace.  It  is  the  heating  element  of 
the  Wuterbury  Oil  Fired  Air  Conditioners. 


Specifications  Waterbury  Oil  Fired  Air  Conditioners 


Sue 

Input 
Rating 
Gal.  Oil 
per  Hr. 

BTU 

Output 
per  Hr. 

1322-1  2  B  "" 

""Y.5 

"T647177" 

1322-1  5  H 

1.5 

164,177 

1324-1  5  B 

2.0 

218,903 

1324-1  HB 

2.0 

218,903 

1327-18B 

2.5 

273,609 

1327-21 

2.5 

273,609 

1330-21 

3.0 

328,354 

1333-21 

3.5 

383,080 

1336-34 

4.0 

437,805 

Width 
Less 
Front 
Hoodt 

Lgth 
Over- 
all 

Height 
Over-all 

Size 
Outlet 
Opening 

Size 
Return 
Inlet 
Open- 
ings 

No. 
of 
Fil- 
ters 

Size 
each 
Filter 

OJ 

ell 

£C/3pH 

q 

l4'r 

"66" 

55" 

"10x40 

""18x24 

__2_ 

16x25" 

g/7" 

44 

80 

55 

40x40 

28x36 

4 

20x20 

8 

48 

80 

55 

44x44 

28x36 

4 

20x20 

8 

48 

80 

55 

44x44 

28x36 

4 

20x20 

8 

52 

84 

55 

48x48 

28x36 

4 

20x20 

9 

52 

100 

55 

48x48 

38x44 

6 

16x25 

9 

56 

104 

62 

52x52 

38x44 

0 

16x25 

9 

60 

108 

62 

56x56 

38x44 

6 

16x25 

9 

60 

116 

72 

62x62 

46x48 

6 

20x25 

9 

CFM  Range 


1000-2000 
1800-2600 
1800-2600 
3000-4200 
3000-4200 
4600-6200 
4600-6200 
4600-6200 
5000-8000 


J  Burner  hood  all  sizes  is  24  in.  wide,  10  in.  deep. 


GAS  CONVERSION  BURNER 

A  real  gas  burner,  the  same  as  used  in  the  Gas  Air 
Conditioner. 


Number 

Maximum 
Btu  Input 

Maximum 
Cubic  Feet  of 
Mixed  Gas 

Maximum 
Cubic  Feet  of 
Manuf  d  Gas 

G-2QO 

200,000 

250 

360 
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/!,%,  r>si*,r/*Vi^-M*Visy  m  Automatic  Heating,  Evaporative 
AlT  Conditioning  •  Air  Cooling  and  Blowers 


Appliance  Corporation 

4851  S,  Alameda  St.,  Los  Angeles  11,  Calif. 
Utility  Gas-Fired  Heating  Equipment,  Evaporative  Coolers  and  Blowers 


FORCED  AIR 

FURNACES 
Compact  design  per- 
mits use  in  basement 
or  closet  .  .  .  dynami- 
cally-balanced blower 
rubber  mounted  .  .  . 
Fiberglas  Dust  op  fil- 
ters .  .  .  heavy  gage 
steel,  die-formed  and 
welded  .  .  .  baked  en- 
amel finish.  75,000- 
100,000-125,000450,000  Btu  models. 

UTILITY  WALL 
HEATERS 

All  units  fit  standard 
4  in.  stud  walls  with- 
out furring.  27,500  Btu 
and  35,000  Btu  units 
adjustable  for  finished 
wall  thicknesses  rang- 
ing from  4%  in.-5J^  in. 
Single  and  dual  dis- 
charge models.  Ther- 
mostat or  3-position 
manual  control. 
Vented.  27,500-35,000-50,000-Btu  models. 

UNIT  HEATERS 

Suspended  type. 
Burner,  heat  ex- 
changer, draft  diver- 
ter,  motor,  fan  and  all 
other  parts  self-con- 
tained in  enameled 
steel  cabinet.  Adjust- 
able grilles.  65,000- 
90,000-150,000-225,000- 
Btu  models. 

EVAPORATIVE  AIR  COOLERS 

Comfort  cooling  .  .  . 
residential,  com- 
mercial, industrial 
.  .  .  dynamically  bal- 
anced centrifugal 
blower  .  .  .  uniform 
water  distribution  to 
"No-Sag"  cooling 
pads.  24  MODELS 
800  efm-13,000  cfm. 


HEAVY  DUTY 
BLOWERS 

For  increased  air  de- 
liveries at  higher 
static  pressures.  Dy- 
namically balanced. 
Rigid  construction. 
Single  and  double 
width.  Forward  and 
backward  curved  .  .  . 
Split  scroll  housings  in 
larger  sizes  .  .  .  Sizes 
No.'  2  to  No.  30  ...  No. 
1,  No.  3  and  No.  4 

drive  arrangements  .  .  .  (Juaranfocd  air 

deliveries. 

STANDARD  BLOWERS 

Dynamically  bal- 
anced, multiple- 
vane  centrifugal 
blowers.  Four-side 
angle  iron  frame 
increases  rigidity, 
eliminates  vibra- 
tion . . .  permits  in- 
stallation with  any 
of  four  discharge 
positions.  0  in. 
I)ia.-2f>  in.  Dia.  .  .  . 
Width.  Guaranteed 


Single  and  Double* 
Air  Deliveries. 


ALL-YEAR  CONDITIONER 
BLOWER -FILTER  UNIT 

Convert  H  the  gravity 
warm  air  furnace  into 
a  modern  forced  air 
heating  and  ventila- 
ting unit.  Dynami- 
cally-balanced blower 
assembly  cushioned  in 
rubber  and  isolated 
from  cabinet.  Vari- 
able pitch  drive*  pro- 
vider adjuntment  of 
speeds  to  meet  C  AC  re- 
quirement H.  Equip- 
ped with  1  in.  remov- 
able Fiberglan  Duntop 
'Kilters. 


Utility  Blowers  and  Coolers  are  tested  in  accordance  with  the  A.S.H.V.E*  Code. 

Utility  heating  appliances  are  A.G.A.  approved. 
Write  for  complete  infor-maMon,  catalogs  and  price. 
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Air  Conditioning 


Direct  Fired  Unit 


Airtherm  Manufacturing  Company 


728  S.  Spring  Ave. 
St.  Louis  10,  Mo- 


AIRTHERM  Gas  or  Oil  Fired 
Space  Heaters 

A  complete  factory  heating  unit.  Ca- 
pacities from  650,000  to  1,950,000  Btu  per 
hour.  For  detailed  information,  write 
for  Bulletin  802. 


AIRTHERM  Convectors 
Airtherm  Convectors  are  available  in 
four  cabinet  styles— Type  F,  free  stand- 
ng  or  partially  recessed;  Type  W,  wall 
cabinet;  Type  S,  sloping  top  wall  cabi- 
net and  type  FR  fully  recessed,  in  a  com- 
plete range  of  sizes.  Write  for  Bulletin 
701. 


AIRTHERM  Steam  Unit  Heaters 

Airtherm  Horizontal  Propeller  Type 
Steam  Unit  Heaters  are  available  in 
capacities  from  27,000  to  270,000  Btu. 
Vertical  discharge  models  from  50,000  to 
350,000  Btu.  Write  for  Bulletin  1208. 


Airtherm  Blower  Fan  Type  Unit  Heater 
available  in  capacities  from  222,000  to 
827,000  Btu.  Floor,  vertical  or  hori- 
zontal models.  Write  for  Bulletin  401. 
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Air  Conditioning 


Direct  Fired 
'  Heaters 


Campbell  Company 

3121  Dean  Avc.,  Des  Moines,  Iowa 

DIRECT  FIRED  SPACE  HEATERS  „,„.,, 
Gas,  Stoker,  Hand  Fired  or  Combination  Gas  and  Oil  Fired 


Heater  Guaranteed  for 
10  Years  from  Any 
Cause,  Blower,  Motor, 
Burner  and  Controls, 
for  One  Year  Against 
Defects. 

The  Campbell  Dir- 
ect Fired  Space  Heat- 
ers are  designed  to  be 
located  in  the  room  to 
be  heated  but  they  can 
be  connected  to  a  duct 
system  for  heating 
any  type  of  building 
and  are  quiet  enough 
to  be  used  in  churches, 
schools,  etc 

They   arc   designed 
to  be  shipped  as  a  com- 
plete   unit    ready    to 
connect   to  fuel  line, 
electric  power  and  flue 
but  they  can  be  ship- 
ped in  sections  for  as- 
sembling    in    a   base-  Shon^the 
ment  room.   The  steel  on  Fired 
heater  is  then  assem    u>lU 
bled   and   welded   on 
the  job. 

Furnished  also  for  Gas,  Stoker  or  Hand  Firing 


Unit 
Num- 
ber 

U8075 

uftoo 

U8125 
U8150 
TJ8175 
TJ8200 
TJ8250 

Btu  (1) 
Output 
Capacity 

70°  Return  Air- 
No  Ducts 

Heat- 
ing 
Surface 
Sq.  Ft. 

Overall 
Dimensions 
inches 
Not  incl. 
burner 

Stack 
Connection 
Dia.  In. 

(4) 

Firing  Rates 

Approx. 
Ship- 
ping 
Weight 

5,  000 
0,000 
7,000 
H,tK)0 
10,  (KM) 
11,000 
W,(KM) 

Blower 
CFM 

(2) 

Motor 
HP 
(3) 

W     L     Ht. 

I 
Oil 
GPH 

1000  Btu 
GAS 
C.F.H. 

900 
1,120 
1,350 
1,600 
1,800 
2,150 
2,700 

^a 

<D*-» 

P 

725,000 
893,000 
1,080,000 
1,275,000 
1,440,000 
1,725,000 
2,160,000 

8,850 
10,900 
13,200 
15,600 
17,500 
21,100 
26,400 

2  -J  HP 
2-$  HP 
2-fHP 
2-1  HP 
2-1  HP 
2-1  HP 
2-HHP 

280 
320 
360 
440 
480 
600 
750 

75     80    114 
75     93    118 
75    105    120 
75    118    120 
75    130    120 
94    137    136 
94    157    136 

12 
14 
16 
16 
18 
20 
20 

7,0 
8.5 
10.5 
12.0 
14.0 
16.5 
20.5 

80 
100 
125 
150 
175 
200 
250 

(1)  Heat  Emission  per  square  foot  of  heating  surface  is  3000  Btu  per  hour  or  less.    If 

heater  is  not  located  in  room  to  be  heated  an  allowance  for  radiation  losses 
should  be  made. 

(2)  Rated  air  volume  produces  75  deg  air  temperature  rise  through  the  heater.    This 

air  volume  can  be  varied  to  suit  other  conditions. 

(3)  Motor  size  can  be  increased  to  provide  for  any  duct  system. 

(4)  An  induced  draft  blower  can  be  furnished  if  a  stack  or  chimney  is  not  available. 

The  gas  passages  of  the  heater  are  adequate  so  that  an  induced  draft  blower  is 
not  ordinarily  necessary. 

For  data  cm  other  Campbell  Products  see  pages  WN2-10H9. 
EASTERN  REniESENTATivE:  NEIL  ADAMS,  OLD  YOKK  ROAD,  LAMBEKTVILLK,  N.  J.,  TKLKPHONK  No,  665 
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Air  Conditioning 


E*  K.  Campbell  Company 

Kansas  City  3,  Missouri 

HEAVY  DUTY  FURNACE  FAN  EQUIPMENT 
Standard  Units  Up  To  8,000,000  BTU/HR. 


Typical  EKCCO  Unit 

Type  Il-D,  Stoker-Fired  Model 


•  Made  in  Units  from  500,000  Btu/hr  to  8,000,000  Btu/hr. 

•  Available  for  any  fuel  or  in  "All-Fuels"  model. 

•  Operating  efficiencies  up  to  84  per  cent  with  resultant  fuel 

economy. 

•  Counter-Flow  heat  transfer. 

•  Drive  thru  principle  exclusively  (no  suction  applications). 

•  Low  Internal  resistance  to  flue  gases. 

•  Fiberglas  insulated  casing. 

«  Baked  enamel  exterior  finish. 

•  Extra  Heavy  welded  steel  construction  throughout. 

•  Available  in  any  required  arrangement  of  duct  outlets. 

•  Extreme  flexibility  of  equipment  arrangements. 

«     Balanced  job  design — blower  and  furnace  sized  separately. 
«     Sold  only  on  an  engineered  basis  to  fit  job  requirements. 

Used  in  thousands  of  large  buildings  over  country,  the  E.  K.  Campbell  Co's  Type 
H-D  Furnace-Fan  system  is  particularly  suited  for  buildings  containing  large 
spaces,  such  as  industrial  plants,  churches,  schools,  hangars,  etc.  High  quality 
equipment,  designed  to  last,  giving  unusually  low  cost  on  a  year  service  basis. 

The  E.  K.  Campbell  Company  guarantees  RESULTS  as  well  as  its  equipment. 
Inquiries  invited  regarding  LARGE  SPACE  HEATING  PROBLEMS. 

Manufacturing  Engineers  since  1910 
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Heaters 


DRAVO  CORPORATION 

HEATING  SECTION 

Dravo  Bldg.,  Fifth  and  Liberty  Avenues 
PITTSBURGH  22,  PA. 


DRAVO 


Gas-Fired  Dravo  "Counter flo" 
Direct  Fired  Heater 


DIRECT-FIRED  HEATERS 

offer  All  these  Important  Advantages: 

•  LOW  FIRST  COST  .  .  .  Users  report  savings  of 
33-66  per  cent  over  standard  wet -type  systems. 

WORKING-ZONE  WARMTH  .  .  .  Units  heat  areas 
of  4000^  to  20,000  sq  ft  each.  Warmth  is  concen- 
trated in  working  zone;  roof  heat  loss  greatly  re- 
duced. 

NO  FUEL  WORRIES  .  .  .  Burn  gas  or  oil—readily 
converted  from  one  to  other. 

LOW  OPERATING  COST  .  .  .  80-85  per  cent  effi- 
ciency at  bonnet  plus  top  efficiency  in  heat  distribu- 
tion holds  costs  down. 

AUTOMATICALLY  CONTROLLED  .  .  .  On-offor 

modulating  controls.  The  heater  looks  after  itself 
— no  continuous  attention  required. 

•  EASY  INSTALLATION  .  .  .  Just  hook  up  fuel, 
electric   and  exhaust   connections — the   heater  is 
ready  to  go. 

•  STAINLESS  STEEL  CHAMBER,  .  .  .  Rugged  mill- 
type  construction,  top-drawer  engineering,  assure 
durability. 

•  5  FUNCTION  SERVICE  .  .  .  Each  unit,  can  provide 
not  only  comfort  heating,  but  year-round  ventila- 
tion .  .  .  tempered  make-up  air  .  .  .  process  drying 
.  .  .  arid  heat  curing. 

©  TESTED-APPROVED  .  .  .  AGA  and/or  UL  seal 
on  all  standard  units.  Each  heater  flame-tested  at 
factory  before  shipment. 


The  Dravo  Counter flo  Direct-fired  Heater  textile  and  woodworking  plants ;  schools, 
"manufactures"  heat  right  where  it  is 
to  be  used,  provides  low-cost,  depend- 
able, automatic  "working-zone'7 
warmth,  without  duct-work  for  indus- 
trial or  commercial  buildings  with  large 
open  areas.  Users  report  savings  of  from 
33-66  per  cent  over  wet-type  systems. 
Ideal  for  replacement  as  well  as  for  new 
construction  installations;  mount  in  any 
position,  on  floor,  wall  or  ceiling.  Suc- 
cessfully serving  in  automobile  and  air- 
craft manufacturing  plants,  construction 
industries,  chemical,  metal  working, 


churches,  college  buildings,  etc.  Current 
users  include  some  of  the  biggest  names 
in  industry. 

Dravo  Counter  flo  Heaters  are  available 
for  firing  with  gas  or  oil.  Gas  or  oil-fired 
models  are  readily  convertible  from  one 
to  other,  and  coal -fired  models  arc  adapt- 
able for  gas  or  oil-firing.  Unit  capacities 
range  from  400,000  to  6,000,000  Utu  per 
hour  output.  See  tables  for  external  di- 
mensions, weights  and  capacities  of  each 
size. 
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Air  Conditioning 


Industrial  Heating; 
Direct-Fired  Heaters 


DRAVO  CORPORATION 

Pittsburgh  «  New  York 

Cleveland  •  Chicago 

Phikdelphia  •  Atlanta 

Detroit  •  Boston 

Sales  Representatives  in  Principal  Cities 

Manufactured  and  sold  in  Canada  by  Marine  Industries,  Ltd., 
Sorel,  Quebec 


ENGINEERING  DATA 


Heater 

Number 

Btu  Output 
Capacity 

Air  at  70  Deg. 
Free  Delivery 

Fan  Motor 
HP 

No. 
Discharge 
Nozzles 

Approx. 
Shipping 
Weight 

Approx. 
CFM 

Temp.  Rise 
Deg.  F 

40 
50 
75 
100 
125 
150 
175 
200 

400,000 
500,000 
750,000 
1,000,000 
1,250,000 
1,500,000 
1,750,000 
2,000,000 

4500 
5500 
8500 
11000 
14000 
17000 
19000 
22000 

82 
84 
82 
84 
83 
82 
85 
84 

J» 

3 
5 
7* 
10 
15 
20 

3 
3 

4 
4 

4 
4 
4 
4 

1400 
1500 
2500 
2600 
3400 
3600 
4200 
4400 

Heater 

Number 

FUEL  CONSUMPTION—  Minimum  of  80 
per  cent  Heater  Efficiency  Assumed 

Approximate  Overall  Di'neuhions 

Light  Oil 
GPH 
140,000  Btu 

Heavy  Oil 
GPH 
148,000  Btu 
Oil 

Gas  CFH 
1000  Btu 
Gas 

Width 

Length 

Height  to  top 
of  Nozzles 

Ft  -In. 

Ft.-In. 

Ft.-In. 

40 
50 
75 
100 
125 
150 
175 
00 

3.5 

4.5 
6.7 
8.9 
11.1 
13.4 
15.6 
17.8 

3.5 
4.3 
6.5 
8.6 
10.8 
13.0 
15.0 
17.2 

500 
625 
940 
1250 
1560 
1875 
2190 
2500 

2-6 
2~fi 
3—7 
3-7 
4-2 
4-2 
4—8 
J~R 

5-1 
.5-1 
7-  5 

9-1 
9-1 
9—  S 

Q—  J3 

8-3 
8-3 
9—11 
9—11 
11—2 
11—2 
12—9 
12-9 

5  FUNCTION  SERVICE 
WITH  JUST  ONE  UNIT! 

•  COMFORT  HEATING 

Fast,  economical  heating  of  entire 
working-zone  provides  ideal  com- 
fort conditions. 

•  YEAR-ROUND  VENTILATION 

Maintains  positive  circulation  of 
clean,  fresh  air — improves  hot 
weather  plant  conditions. 

•  TEMPERED  MAKE-UP  AIR 

Ideal  for  foundries,  paint  spray 
booth  and  similar  applications;  re- 
places contaminated  air  with  fresh 
tempered  make-up  air. 

•  PROCESS  DRYING 

Process  applications  include  drying 
of  ceramics,  paint,  hay,  rugs,  rub- 
ber toys,  and  many  other  items. 

•  HEAT  CURING 

The  efficient  design  permits  use 
for  low  temperature  curing. 

Write  for  descriptive  Bulletin  HVA-523- 
50  and  specification  sheets.  Address 
Heating  Section,  DRAVO  CORPORA- 
TION, Room  703,  Dravo  Building, 
Pittsburgh  22,  Pennsylvania. 
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Cutaway  view  of  Dravo  "Counterflo"  Heater  showing  the 
stainless  steel  combustion  chamber  and  the  extended 
flame  travel  within  the  chamber  which  results  in  effici- 
ency of  80  to  85  per  cent  burning  gas  or  oil- 


Air  Conditioning 


Direct-Fired 
Heaters 


Chicago  Steel  Furnace  Co. 

9326  S.  Anthony  Ave.,  Chicago  17,  111. 
DIRECT-FIRED  SPACE  HEATERS 

Standard  Sizes  Up  to  1,500,000  Btu 


HEAT  EXCHANGER— Designed  and 
constructed  in  a  near  tear-drop  shape 
which  permits  the  air  to  flow  with  a  mini- 
mum of  friction.  This  design  affords  a 
maximum  of  both  strength  and  area  in  its 
crown  sheet,  and  reduces  power  con- 
sumption to  the  very  minimum. 

COMBUSTION      CHAMBER— Fabri- 

cated  from  four  way  JjJ  and  l/i  in.  floor 
plate.  The  chamber  is  of  the  correct  size 
and  shape  to  provide  proper  volumetric 
content  for  the  complete  combustion  of 
oil  or  gas. 

BLOWERS— Three  standard  up-blast 
discharge,  multi-vane  Blowers,  each  in- 
dividually powered,  are  provided  to  sup- 
ply the  correct  amount  of  air  to  properly 
cool  the  Heat  Exchanger.  Individually- 
driven  Blowers  are  used  because  of  the 
great  flexibility  of  operation  obtainable. 
Uniform  bonnet  temperature  may  be 
enjoyed  by  the  simple  expediency  of  in- 
creasing or  reducing  the  amount  of  air 
driven  around  any  particular  section  of 
the  Heat  Exchanger. 


Fired,  with  Gas  or  Oil 


ARTCRAFT  SUSPENDED  UNITS 


NOW  AVAILABLE 

Industrial  Suspended 
Units— 100,000  to  750,000 
Btu.  Factories-— Stores- 
Warehouses  —  Garages  — 
Recreational  Buildings,  Fill- 
ing Stations,  and  others  de- 
siring to  save  space,  find 
heating  their  BIG  problem. 
ARTCRAFT  SUSPENDED 
UNITS  solve  that  problem 
and  will  open  this  very  prof- 
itable field  for  you.  Self- 
contained,  Fully  Automatic 
—Easy  to  Install.  Write  for 
details. 


Factory  Installation  Model  300  8-2 

"TERRITORIES  NOW  BEING  ASSIGNED" 
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r*s***s7«"4*Vi*t.;*ix«  «  Automatic  Equipment; 
Conditioning  ®  Dkect-Fired Vits,  Unit  Heaters 


Lee  Engineering  Company 

Seaboard  Trust  Bldg.,  95  River  St.,  Hoboken,  N.  J. 


LEE  DIRECT  WARM  AIR  HEATING 

The  Lee  System  of  warm  air  heating  generally  costs  less  to  install  than  steam  or  hot 
water;  utilizes  fuel  with  a  high  degree  of  efficiency;  distributes  the  heat  exactly  where 
needed;  responds  promptly  without  lag;  requires  little  or  no  maintenance;  and  needs 
no  licensed  attendant.  Heaters  for  use  with  the  Lee  System  are  made  in  the  four 
types  illustrated  and  described  briefly  below. 


BRICK-SET  TUBULAR  HEATER 

For  use  with  central  heating  system  in  connection 
with  duct  distribution.  Single  heater  capacities  from 
2,800,000  Btu  per  hour  to  8,000,000  Btu  per  hour.  Two 
heaters,  installed  as  a  battery  serving  as  one  unit, 
provide  capacities  over  10,000,000  Btu  per  hour. 


line/:.  Set  Tubular  Jleater 


STEEL  ENCASED  TUBULAR  HEATER 

For  use  with  central  heating  systems  in  connection 
with  duct  distribution  over  a  capacity  range  of  from 
2,000,000  Btu  per  hour  to  6,000,000  Btu  per  hour. 
Heater  may  be  installed  in  heated  area  without  en- 
closure, requires  no  foundation,  and  may  be  moved 
from  one  location  to  another  by  taking  unit  apart  and 
reassembling. 


TUBULAR  UNIT  HEATER 

For  use  either  as  a  central  system  in  connection  with 
duct  distribution  or  with  adjustable  outlet  nozzles  as 
a  unit  heater.  Capacity  range  from  2,000,000  Btu  to 
6,000,000  Btu  per  hour.  In  sizes  up  to  4,000,000  Btu 
heater  is  shipped  as  a  completely  assembled  unit  with 
all  but  mechanical  equipment,  refractory  lining  and 
controls  in  place.  Heaters  require  no  foundation  and 
are  equipped  with  crane  hooks  so  that  they  may  be 
moved  from  one  location  to  another. 


SHELL  UNIT  HEATER 

For  use  with  or  without  distributing  duct  system. 
Heaters  have  capacity  range  of  from  300,000  Btu  to 
2,000,000  Btu  per  hour.  Available  for  gas,  oil  or  com- 
bination gas-oil  firing.  All  units  are  shipped  com- 
pletely assembled,  wired  and  ready  for  operation. 
Units  furnished  with  stainless  steel  combustion  cham- 
bers. Heaters  may  be  floor  mounted  or  suspended  in 
any  position.  Also  available  in  both  hand  and  stoker 
fired  models. 


Steel  Encased  Tubular  Heater 


Tubular  Unit  Heater 


Shell  Unit  Heater 


For  further  information  write  for  Catalog  HV-50. 
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Air  Conditioning 


National  Heater  Company 


2182  Cleora  Avenue, 


Ilisiili 


itlililHIiiii 


St.  Paul  4,  Minnesota 


OIL,  GAS  and  COMBINATION  GAS-OIL  FIRED  UNITS  250,000  to  1,500,000  BTU. 


MODEL  *H' 

These  direct  fired  unit  heaters  insure 
highly  satisfactory  "working  area"  heat 
diffusion.  Ideal  for  factorieSj  foundries, 
garages,  hangars,  terminals  and  ware- 
houses. 


MODEL 

Supply  and  return  ducts  are  conven- 
iently connected  to  these  quiet  operating 
units.  Designed  specifically  for  audi- 
toriums, churches ,  offices,  schools  and 
theatres . 


Streamlined  firebox  of  rust  and  heat  resisting  stainless  steel  requires  no  refractory 
and  affords  life  far  beyond  that  possible  with,  mild  carbon  steel.  Tear  Drop  design 
and  convector  tube  arrangement  of  the  heat  exchanger  with  properly  interspaced 
multiple  blowers  assures  complete,  efficient  air  wipage  of  all  heating  surface  at  a 
minimum  of  resistance.  Induced  draft  blowers  can  be  supplied  when  suitable  chim- 
ney or  stack  is  not  available. 

ALSO  AVAILABLE  FOR  HORIZONTAL  CEILING  SUSPENSION 


Heater 

Number 

1    BTU  Output 
Capacity 

CFM  at  H 
in.  S.P. 

H.P. 
Blower 
Motor 

Overall  Dimensionsi 

Smoke 
Outlet 

Weight 

Width 

Length 

Height 

TD-  25 
TD-  40 
TD-  50 
TD-  70 
TD.  80 
TD-100 
TD-125 
TD-J50       ; 

250,000 
400,000 
500,  000 
750,000 
800,000 
1,000,000 
1,250,000 
1,500,000 

3,600 
5,400 
6,600 
8,800 
10,200 
12,500 
15,300 
19,400 

H 

VA 
2 
3 
5 
5 
7M 

32 

32 
32 

32 
48 
48 
54 
54 

60 
60 
80 
80 
80 
80 
100 
100 

81 
81 
81 
81 
81 
81 
103 
103 

10* 

10" 
12* 
12* 
12* 
12" 
14* 
14*      I 

1,100 
1,100 
1,440 
1,555 
2,055 
2,280 
2,800 
-1000 
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a  Industrial  Heating 
*  Direct  Fired  Units 


National  Heater  Company 


21 82  Cleora  Avenue 


St.  Paul  4,  Minnesota 


900  SERIES 

400,000  TO 

2,000,000  BTU 


HEAVY  DUTY  "ALL  FUELS"  HEATERS 

Heaters  are  of  welded  one-piece  steel  construction  throughout,  designed  principally 
for  central  heating  systems  and  drying  applications.  Large  firebox  and  full  three - 
pass  flue  travel  insure  complete  fuel  combustion  and  minimum  stack  loss.  This  re- 
sults in  unusually  high  efficiency  whether  stoker,  oil  or  gas  fired.  Ample  provisions 
made  for  relief  of  internal  stresses  due  to  repeated  expansion  and  contraction.  Ridged 
panel  type  insulated  casings  are  shaped  to  contour  of  heaters.  Fan  capacities  shown 
provide  an  average  75  deg  temperature  rise  through  heater.  Blowers  or  blower-filter- 
cabinet  units  can  be  sized  to  meet  individual  requirements  of  each  installation. 


Overall  Dimensions 

Heater 
Number 

BTU  Output 
Capacity 

Sq  Ft 
Heating 
Surface 

CFM  at  % 
in.  S.P. 

H.P. 
Blower 
Motor 

ti 

R 

-d 

£ 

•SP 

°<iD 

JH 
(U 

£ 

o 

Smoke 
Outlet 

Weight 

3 

'& 

K 

pp 

#904 
#905 

400,000 
550,000 

136 
184 

5,400 
6,600 

1 
VA 

63 
70 

38 
48 

69 

72 

63 
63 

10* 
10" 

2,370 
2,640 

#907 

700,000 

234 

8,800 

2 

82 

48 

78 

68 

12" 

3,020 

#908 

800,000 

268 

10,000 

3 

94 

48 

78 

68 

12" 

3,280 

#910 

1,000,000 

351 

12,500 

3 

118 

48 

78 

89 

14" 

3,730 

#915 

1,500,000 

519 

18,000 

5 

118 

66 

96 

74 

16" 

4,880 

#920 

2,000,000 

667 

24,000 

7M 

142 

66 

96 

92 

16" 

5,r<20 

COMPLETE  ENGINEERING  DATA  AVAILABLE  ON  REQUEST 
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Air  Conditioning  •  Direct-Fired  Heaters 


Arthur  A.  Olson  &  Company 


Broad  and  Court  Streets 


Canfield,  Ohio 


Manufacturers  of  Direct  Fired  Heaters 

A  completely  automatic  direct -fired 
unit  heater.  Olson  heaters  operate  on 
gas,  oil,  dual  gas-oil  or  coal.  These  units 
may  he  hung,  suspended  horizontal,  or 
inverted.  All  heaters  can  be  adapted  to 
filtering,  humidifying  and  air  condition- 
ing. Use  of  standard  accessories  and 
easy  access  to  bearings  and  other  vital 
parts  simplify  maintenance. 

Also  process  and  make-up  air  applica- 
tions. 


Engineering  Data— Gas,  Oil,  or  Dual  Gas-Oil  Heaters. 


No. 

M( 

Heater 

BTU/HR 

CFM 

General  Dimensions 

of 

I 

Model 

Output 

Blowing 

Blow- 

Bl 

Number 

Capacity 

Fllllis 

ing 

ii 

A 

B 

C 

Cl 

D 

Fans 

F; 

-300 

300,000 

3,500 

3'-  1" 

2/-ir' 

7'~IO" 

I'-l" 

r-  o" 

1 

1 

-400 

400,000 

4,500 

3'-  r 

3'-  1" 

7'~io" 

r-i" 

r-  f>" 

1 

1 

-500 

500,  000 

5,500 

3'-  r 

4'-  3" 

7'-  3" 

l'~3" 

i'-  i" 

2 

-600 

600,  000 

7,000 

3'-  1" 

4'-ll" 

V-  3" 

l'~3" 

!  '_  7" 

2 

;- 

-750 

750,  000 

8,500 

3'-  8" 

4  '-11" 

8'-  4" 

1  '-3" 

r-u" 

2 

5 

-1000 

1,000,000 

11,000 

3'-  8" 

5  '-11* 

8'-  9* 

r~3" 

I'-ir 

2 

5 

-1250 

1,250,000 

14,000 

V-  4" 

o'-ir 

9'-  9" 

1  '-5* 

r-n" 

2 

7 

-1500 

1,500,000 

17,000 

4'-  4" 

8'-  0" 

9'-  9" 

I  '-V 

2'-  (l^ 

2 

K 

-175-0 

1,750,000 

20,000 

4MQ" 

8'-  0" 

10'-  9" 

r~5" 

2'-  1" 

2 

15 

-2000 

2,000,000 

22.000 

4'~10" 

9'-  0" 

10'-  9" 

1  '~5" 

2'-  1" 

2 

15 

Motor 

No. 

IIP 
Blow- 

Stack- 
Din. 

of 

Noz- 

Kl<» 

hiK 

Faun 

Out- 
loth 

1 

S" 

2 

I'o 

8" 

3 

2 

K" 

3 

3 

H" 

3 

5 

10" 

3 

5 

10" 

4 

71  .; 

10" 

4 

10'" 

12" 

5 

15 

12" 

5 

15             12" 

5 

1.  Standard  10  Gage  Boiler  Tube  Heat 

Transfer  Surface. 

2.  Refractory  or  Stainless  Steel  Combus- 

tion Chamber. 

3.  Heavy  Duty  Fans  and  Shaft. 

4.  Inlet  Screens  or  Frame  for  Filter  Box. 

5.  Motor  Accessible  from  Front. 

6.  Adjustable,  Deflecting  Outlets. 

7.  Four     Pass     Gas     Travel — Counter 

Current. 

8.  Separate  Induced  Draft  Fan. 

9.  Bearings  Outside  Heater  at  End  of 

Shaft. 


Write  for  complete  data  on  stoker  fired  units  and  large  central  systems. 
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Air  Conditioning  *  un£tHe®t©rs 


Automatic  Gas  Equipment  Company 

Brushton  and  Thomas  St.,  Pittsburgh  21,  Pa. 
Manufacturers  of  Pittsburgh  Gas  Unit  Heaters 


Cut-away  view  of  heater,  showing  the  cast 
iron  heat  exchanger  in  place. 


Cast  iron  is  considered  to  be  the  best  material 
to  withstand  the  corrosive  effects  of  the  prod- 
ucts from  combustion  of  gases.  For  this  reason, 
both  the  heat  exchanger  and  combustion  cham- 
ber in  a  Pittsburgh  Gas  Unit  Heater  are  made 
of  cast  iron.  Furthermore,  they  are  cast  in  one 
piece  and  the  extended  heating  surface  fins  on 
the  heat  exchanger  are  cast  integral. 

Pittsburgh  Gas  Unit  Heaters  have  been  de- 
signed to  consume  exactly  the  right  amount  of 
air  to  support  complete  combustion  but  without 
permitting  an  excess  of  air  to  lower  heating  effi- 
ciency. This  is  accomplished  by  means  of  a 
built  in  draft  hood  which  absorbs  all  excessive 
chimney  action  and  thereby  conserves  heat. 
The  heater  does  not  depend  upon  forced  draft 
from  the  fan  for  either  the  primary  or  secondary 
air  supply.  For  this  reason  there  is  no  possi- 
bility of  variation  in  the  air  supply  to  the  burn- 
ers resulting  from  changes  in  fan  speed  or  louver 
adjustment.  By  the  use  of  adjustable  hori- 
zontal louvers,  warm  air  can  be  directed  to  any 
desired  level. 

Safety  Features 

A  tested  and  proved 
safety  pilot  is  used  on 
these  heaters  to  auto- 
matically turn  off  the 
gas  if  the  pilot  light 
goes  out  or  if  it  burns 
too  low  to  insure  posi- 
tive ignition.  The 
draft  diverter  ^  is 
absolute  protection 
against  any  possible 

down  drafts  through    ,  , ,     ,   D  „        .       ,     . 
,-,  i  « „-„      w™  +  rt    (Above)    Bottom  view  mowing 

the    chimney .    Write  lurner  'assew%  (severai  burnerys 

for    folder    containing    have  been  removed). 

complete  details,  in- 
cluding     installation    (RigU}  Heat  exchanger  and  com_ 

measurements.  bustion  chamber. 

Approved  by  American  Gas  Association 
and  Underwriter's  Laboratories. 


SIZES  AND  CAPACITIES  (also  made  in  five  sizes  in  Blower  Type  Units) 


Unit  No. 

Input 
B.T.U. 
Per  Hour 

Output—  AGA 
B.T.U. 
Per  Hour 

Sq.  Ft. 
E.D.R. 

Air  Del. 
C.F.M. 

Motor 
H.P. 

R!P.M. 

Approx. 
Wts. 
.       __5 

475 
450 
400 
350 
300 

215  C 
175  C 
160  C 
HOC 
HOC 
85C 

215,000 
175,000 
160,000 
140,000 
110,000 
85,000 

172,000 
140,000 
128,000 
112,000 
88,000 
68,000 

744 
605 
553 
484 
381 
294 

3500 
2900 
2600 
2320 
1820 
1350 

t 

i 

2> 

S(T 

1140 
1140 
860 
860 
860 
1000 
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Air  Conditioning  ®  unit  Heaters 


ELECTROMODE  CORPORATION 


45  Crouch  Si 


L 


FOR    HOME 


Rochester  3,  N«Y, 

INDUSTRY  ®   FARM 


BILT-IN-WALL  Heaters  for  Homes  and  Offices 

These  heaters  fan-circulate  warm  air  at  floor  level  for 
greater  comfort  and  improved  heating  efficiency.  Quick 
and  easy  to  install.  No  ductwork  required.  Heating  ele- 
ment lasts  a  lifetime  and  eliminates  all  danger  of  fire, 
shock  or  burn.  Available  in  capacities  from  1500  to  4000 
watts  and  with  manual,  wall  thermostat  or  built-in 
thermostat  control.  All  have  thermal  safety  switches. 
Silver  gray  enamel  finish. 


BILT-IN-WALL  SMALL-ROOM  Heater 

Designed  to  build  into  the  wall,  this  115  volt,  1320  watt 
heater  is  designed  for  small  rooms  such  as  baths,  bed- 
rooms, kitchens,  etc.  Employs  the  famous  lifetime  heat- 
ing element  that  is  completely  safe.  Available  with  or 
without  built-in  thermostat.  Thermal  cut-off  prevents 
overheating.  Two-way  switch  permits  use  of  fan  without 
heat.  Available  in  white  baked-on  enamel  or  chrome. 


UNIT  HEATERS  for  Auxiliary  Warmth 

These  fan-circulating  units  are  used  as  auxiliaries  to  a 
main  heating  system,  or  where  electric  rates  permit,,  us 
main  heat  sources.  They  require  no  plumbing,  or  duct- 
work—only circuit  wiring.  Like  all  Klectromodes,  they 
employ  the  completely  safe  lifetime  heating  element 
that  has  no  exposed  hot  or  glowing  wires,  gives  high 
thermal  conductivity  and  resists  corrosion.  A  safety 
cut-off  prevents  overheating.  Thermostat  control  avail- 
able on  all  models. 

Suspension  Type  (left  above)  for  wall  or  ceiling  mount- 
ing in  factories,  stores,  offices.  10,000  to  45,000  waits. 

Combination  Portable  and  Suspension  Type.  Plug  in 
where  needed  or  mount  permanently.  1*500  to  7500  watts. 

Explosion -Proof  Heaters  (left)  for  areas  charged  with  in- 
flammable vapors.  Convection  type.  Entire  olectrical  in- 
put provides  useful  heat.  Three  models  range  from  2000  to 
6000  watts.  Listed  by  Underwriters'  Laboratories  for 
Class  1-Group  D  Hazardous  Industries. 

Engineering  help  is  at  your  disposal.  For  more 
information,  see  your  supplier  or  write  Dept. 
HVG-10,  Elcctromocle  Corporation. 

Electromodes  are  approved  by  llnderwrilens' 
Laboratories  and  are  fully  guaranteed, 
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Corporation 

57  Tonawanda  Street 

Buffalo  7,  N.  Y. 

Heat  Transfer  Specialists  since  1896 

Manufacturers  of  Convector-Radiators,  Wall  Radiation,  Baseboard  Radiators,  Unit 
Heaters,  Railroad  Car  Convectors,  Unit  Coolers,  Refrigeration  Coils,  Air-cooled  Fin 
and  Tube  Condensers,  Clip-on  Thermometers,  Room  Air  Conditioners,  Automotive 
Radiators,  Car  Heater  Cores,  Electric  Water  Coolers. 


fedders 


A  Great  Name  Since  1896 


FEEDERS  SERIES  15  HORIZON- 
TAL UNIT  HEATERS  have  capacities  of 
100  to  1,000  EDR.  Handsome,  rugged 
cabinets,  with  latest  type  broad  blade 
fans  provide  large  air  volume,  quiet  op- 
eration and  high  efficiency.  Write  for 
Bulletin  15C-4. 


FEDDERS  SERIES  16  DOWNBLOW 
UNIT  HEATERS  have  capacities  of  155 
to  2,050  EDR.  Designed  for  applications 
necessitating  clearance  for  material 
handling  equipment,  tall  buildings  and 
other  conditions  which  require  piping 
to  be  kept  out  of  the  way.  Write  for 
Bulletin  16C-1. 


FEDDERS  TYPE  F  CONVECTOR- 
RADIATORS 

Designed  for  installation  in  homes, 
apartments,  offices,  institutions  and 
other  locations.  They  can  be  used  with 
steam,  and  forced  or  gravity  hot  water 
systems. 

Heating  element  has  copper  tubes  and 
aluminum  fins  assuring  efficient  heat 
transfer  and  prompt  response  to  manual 
or  thermpstatic  control. 

In  addition  to  Type  F  stock  models, 
Fedders  offers  a  complete  line  of  Con- 
vector-Radiators for  special  applica- 
tions. 

Write  for  catalog  giving  complete  data. 


FEDDERS 
WALL  RADIATION 

Well  adapted  for  industrial,  commer- 
cial, institutional  and  household  use. 
Colcl  drawn,  seamless  steel  pressure  type 
tubing  is  bullet  expanded  into  self- 
spacing,  collared,  die-formed  steel  fins. 

Cabinets  available  in  expanded  mesh 
or  solid  front  with  flat  or  sloping  top 
with  die  cut  grille. 
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Grinnell  Company, 

Heating,  Power  and  Process  Piping,  Fittings,  Hangers,  Unit  Heaters,  Welding 
Fittings,  Valves,  Piping  Supplies 

Executive  Offices:  Providence  1,  R.  I. 


ATLANTA  2,  GA. 
BUFFALO  6,  N.  Y. 
CHARLOTTE  1,  N.  C. 
CHICAGO  9,  ILL. 
CLEVELAND  14,  OHIO 


FRESNO  1,  GAL. 
LONG  BEACH  10,  CAL. 

Los  ANGELES  13,  CAL. 


TORONTO  9,  ONT. 


Branches 

CRANSTON  7,  R.  I. 
HOUSTON  1,  TEXAS 
KANSAS  CITY  16,  Mo. 
MILWAUKEE  3,  Wis. 

GRINNELL  COMPANY  OF  THE  PACIFIC 

OAKLAND  7,  CAL. 
POCATELLO,  IDAHO 
SACHAMENTO  14,  CAL. 

GRINNELL  COMPANY  OF  CANADA,  LTD. 

MONTEEAL,  QUE. 

WINNIPEG,  MAN. 


MINNEAPOLIS  15,  MINN. 
NEW  YORK  17,  N.  Y. 
PHILADELPHIA  34,  PA. 
ST.  Louis  10,  Mo. 
ST.  PAUL  2,  MINN. 


SAN  FRANCISCO  7,  CAL, 
SEATTLE  1 ,  WASH. 
SPOKANE  15,  WASH. 


VANCOUVER,  B.  C. 


THERMOLIER— GRINNELL  UNIT  HEATERS 
Horizontal— Vertical— Textile  Types 


Horizontal  Delivery  Type 


Regular  Construction—finned  tubes 
Textile  Construction— webbed  tubes 


Vertical  Delivery  Type 


Thermolier,  the  Ginnell  quality  Unit  Heater,  is  available  in  three  types  .  .  .  the 
regular  Horizontal  delivery  type,  the  Textile  type  and  the  Vortical  delivery  typo. 
The  heating  element  of  the  Horizontal  and  the  Vertical  delivery  types  consists  of  a 
single  header  with  a  series  of  copper,  pitched,  finned  ll-tubes  while  the  Textile  type 
utilizes  a  single  header  with  a  series  of  copper,  pitched,  webbod  U- tubes. 

Basically,  all  three  types  incorporate  the  same  quality  features.  Among  those  arc 
the  patented  Internal  Cooling  Leg  which  assures  continuous  drainage  of  eondonsaie, 
and  the  Single  Pleader  U-Tube  construction  which  compensates  for  expansion  and 
contraction  strains. 

Thermolier  motors  are  not  standard  stock  motors  but  are  built,  to  exacting  speci- 
fications for  unit  heater  duty.  This  assures  maximum  life  at.  maximum  operating 
efficiency  with  the  minimum  of  electrical  input.  Fans  have  aluminum  blades  with 
special  steel  hubs  and  are  made  to  specifications  to  insure  accurate  balance,  minimizing 
noise  and  vibration. 

Supply  and  return  piping  are  both  on  the  same  side  of  the  unit,  assuring  compact- 
ness, neatness  and  economy  in  installation.  Each  Thermolier  is  furnished  with  ad- 
justable swivel  couplings  which  provide  an  easy  and  practical  method  of  hanging  the 
unit  and  facilitate  adjustment  after  erection. 

The  housings  of  all  units  are  formed  from  heavy  gauge  sheet  steel  and  are  finished 
in  attractive  artmetal  slate  gray. 

1106 


Grinnell  Company,  Inc. 


Air  Conditioning 


Unit  Heaters 
and  Coolers 


CAPACITIES— GRINNELL  THERMOLIER 

All  based  on  Standard  Basis  of  Eating  (2  Ib  Steam  Pressure  and  60  deg  Entering  Air 
Temperature) 

D  Models — for  constant  speed  operation,  use  bold  face  figures  only 
— for  two  speed  operation,  use  both  figures 


model 

rpm  at 
normal 
speeds 

total  heat 
delivered 
Btu  per  hr 

equivalent 
direct 
radiation 
edr 

cf  m  at 
exit  air 
temp 

exit  air 
temp  °F 

conden- 
sation Ib 
per  hr 

air  velocity  at  exit  —  linear  ft 
per  min 

louvers 
wide 
open 

louvers 
set  at 

45° 

velocity 
nozzle 

max 

021 
D31 

1725 

1250 
1725 
1250 

35,600 

29,700 
48,700 
38,400 

148 

124 
203 

160 

637 

482 
689 
513 

116 

122 
133 

138 

37 

31 
50 

40 

786 
595 
851 
633 

912 

690 
987 
734 

1336 

1011 
1447 

1070 

D37 
D41 
D44 
D57 

1140 

950 
1725 
1250 
1140 
750 
1140 
875 

62,200 

54,200 
71,000 
56,000 
84,100 
63,000 
101,300 
84,400 

259 

226 
295 
233 
350 
262 
422 
352 

1062 

874 
1271 
914 
1250 
852 
1433 
1127 

119 

123 
116 
122 
129 
187 
133 
138 

64 

56 
73 

58 
87 
65 
105 

87 

753 

620 
901 

648 
887 
604 
1016 
799 

949 

781 
1135 
816 
1118 
761 
1280 
1007 

1160 

955 
1388 
998 
1366 
930 
1565 
1230 

D66 
D71 
D91 

1140 
625 
1140 
625 
1140 
625 

128,700 

1)0,000 
151,700 
103,000 
196,000 

127,500 

536 
375 
632 
423 
817 
532 

2166 

1340 
2716 

1592 

2738 
1551 

120 
129 
116 
126 
134 
147 

133 

93 
157 

107 
203 
132 

779 

482 
977 
573 
985 
558 

982 
607 
1231 
722 
1241 
703 

1332 

824 
1671 
980 
1684 

954 

Dill 

1140 

640 

275,300     1 
195,700 

1147 

815 

5095 

3342 

114 

119 

285 
203 

1048 

688 

1415 

929 

1803 

1183 

Capacity  tables  for  hot  water  Thermolier  on  request. 


VA  Models — vertical  delivery  type — for  constant  speed  operation,  use  bold  face 

figures  only 
— for  two  speed  operation,  use  both  figures 


model 

rpm  at 
normal 
speeds 

total  heat 
delivered 
Btu  per  hr 

equivalent 
direct 
radiation 
edr 

cfm  at  exit 
air  temp 

exit  air 
temp  °F 

condensa- 
tion Ib 
per  hr 

air  velocity 
at  exit  ft./ 
min. 

VA1042 

1725 

50,800 

212 

1483 

93 

53 

1399 

1250 

40,100 

167 

1078 

96 

41 

1017 

VA1045 

1725 

73,  600 

307 

1363 

114 

76 

1287 

1250 

59,900 

249 

995 

121 

62 

939 

VA1065 

1140 

109,400 

456 

2869 

97 

113 

1354 

625 

74,500 

310 

1630 

105 

77 

769 

VAX  075 

1140 

145,600 

607 

2609 

116 

151 

1231 

625 

94,200 

392 

1402 

129 

98 

662 

VA1101 

1140 

185,000 

770 

4510 

100 

191 

1495 

600 

122,200 

508 

2517 

108 

126 

835 

VA1111 

1140 

257,000 

1071 

4921 

112 

266 

1631 

640 

187,000 

729 

3105 

121 

194 

1030 

TX  Models  Textile  Thermolier— constant  speed  operation 


model 

rpm  at 
normal 
speeds 

total  heat 
delivered 
Btu  per  hr 

equivalent 
direct 
radiation 
edr 

cfm  at 
exit  air 

temp 

exit  air 
temp.  °F 

conden- 
sation Ib 
per  hr 

air  velocity  at  exit  —linear  ft 
per  min 

louvers 
wide 
open 

louvers 

set  at 
45° 

velocity 
nozzle 
max 

TX70 
TX110 

1140 
1140 

69,800 
113,700 

291 

474 

2297 

2438 

89 
106 

72 
118 

82(> 

877 

1041 
1105 

1412 
1500 

Textile  Thermolier  not  available  for  hot  water  systems. 

Grinnell  Thermoliers  are  tested  and  rated  in  accordance  with  rules  of  the  Industrial 
Unit  Healer  Association  adopted  January  1930. 
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ILG 


ILG  Electric  Ventilating  Co. 

2880  North  Crawford  Ave.,       Chicago  41,  111. 

Offices  3n  More  Than  40  Principal  Cities 


Horizontal  Type  Unit  Heaters— have  ILG-built 
Self-Cooled  Motor  which  counteracts  coil  heat — never 
"slow  roasts.5'  Graduated,  2-piece,  cast  iron  header 
gives  "balanced"  steam  distribution.  Brass  orifice 
bushings  expand  tubes  uniformly  in  header  plate. 
Copper  fins  are  pressed  into  round  copper  tubes  for 
permanent  union — no  brazing,  soldering,  or  welding. 
Bottom  header  "floats"  to  permit  expansion  and  con- 
traction of  coil  independent  of  casing.  Tested  and 
Rated  according  to  codes  of  I.U.H.A.  and  A.S.H. 
V.E.  Ratings  certified  by  I.Ef.#.A.— "One-Name- 
Plate"  Guarantee.  Wide  range  of  sizes  and 
capacities. 


Low-Ceiling  Type 


For  vertical  mounting  in 
buildings  where  head- 
room is  at  a  premium. 
Side  inlets  and  outlets  at 
top  and  bottom  assure 
extremely  compact  in- 
stallation. 


Vertical  Type 

Recommended  for  instal- 
lations with  extremely 
high  or  extremely  low 
ceilings.  Air  diff users  or 
deflectors  available  to 
direct  flow  of  heater  air. 

ILG  Electric  Unit  Heaters 
STANDARD  TYPE 


Textile  Type 

More  tubes,  no  fins — for 
textile  mills  and  applica- 
tions where  lint  or  other 
material  normally  ad- 
heres to  fin  surfaces  and 
clogs  up  coiL 


For  instant,  clean, 
safe,  dependable  heat- 
ing. Coil  is  of  black 
heat  type  which 
operates  below  400 
degrees.  Protected 
against  excessive  tem- 
perature  rise  by 
patented  automatic 
thermal  cut-out  and 
magnetic  starter. 
Sizes  5  to  15  KW. 


TYPE  "HT" 

For  installations  re- 
quiring a  small  vol- 
ume of  heat.  Excep- 
tionally efficient. 
Suitable  for  constant 
duty.  Non-overheat- 
ing black  heat  type 
coil  with  individually 
interchangeable  ele- 
ments. Sizes  1J^  to 
4KW. 


kJAZ/CQ    U     LU    J.O    X\.T»  .  *±    J.XVV  . 

For  ILG  Propeller  and  Centrifugal  Fans,  see  page  1193 
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HASTINGS 


MANUFACTURING  COMPANY 


SINCE  1914 


NEBRASKA 


WATER-REFRIGERANT  AIR  CONDITIONING  EQUIPMENT 
New  Improved  Self-Contained  Cooling  and  Heating  Units 

Designed  especially  for  use  with  natural  cold  water  sources,  also  ideal  for  chilled 
water  operation.  Finned  copper  coils,  centrifugal  type  blowers,  "Fiberglas"  replace- 
able niters.  Sturdy  steel  cabinets,  beautiful  nammertone  " porcelain-like"  baked-on 
finish.  Mechanism  cushion -mounted  for  quiet  operation. 


SUSPENSION  MODELS 

Cooling  capacities  from  1  to  6  tons.  For 
suspension  from  ceiling,  on  shelf  01 
platform.  Used  with,  or  without  ducts 
For  summer  cooling  with  cold  water,  anc 
winter  beating  with  hot  water. 


FLOOR  MODELS 

Cooling  capacities  from  1  to  3  tons.  For 
summer  cooling  with  cold  water,  and 
winter  heating  with  hot  water. 


SUSPENSION  MODELS 
WITH  STEAM  PACKAGE 

Matching  steam  package  available  for 
most  suspension  models.  Steam  package 
contains  finned  copper  coil,  tested  for 
150  Ibs  saturated  steam  pressure. 


CONVERSION  UNITS 


Cooling  capacities  from  1J  to  6  tons.  For 
converting  any  hot  air  heating  plant  into 
a  year-around  comfort  system. 


WRITE  FOR  CURRENT  SPECIFICATION  CATALOG 
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AJ~  sf^..,}.:.*;^*-.''*.*.     Blower  Units,  Evapcrative 
Air  LonaitlOnmg  •  Condensers,  Cooling  Towei 


1819  So.  Hanley  RdL,  St.  Louis  17,  Mo. 
Manufacturers  of 

HEAT  TRANSFER  EQUIPMENT 

Blast  Finned  Coils-Heating  and  Cooling 
Air  Conditioning  Blower  Units 
Evaporative  Condensers  and  Cooling  Towers 
Industrial  Coolers 


WATER,  STEAM 
AND  DE  COILS 

Complete  Range  of  Sizes— 9  in.  x  12  in 
to  36  in.  x  120  in. 


AIR     UNITS— Pcnta-post     construction;     Multi 
Access    Panels — flush    mounted,    bronze    latches 


BLOWER  UNITS 


Ceiling  and  floor  type  air-conditioning 
units.  1  to  50  tons  nominal  capacities  in 
12  sizes.  400  to  15,000  cfm.  Various  ar- 
rangements of  discharge,  filter  box  and 
motor  drive. 


INDUSTRIAL 
COOLERS 

(Not    illustrated) 
1000    to    15,500    cfm. 
Floor  type.   Coils   up 
to  12  rows  in  depth. 
All  refrigerants. 

COOLING    TOWERS 

3   to   75   tons.    Triple 
tier  wetted  deck. 


EVAPORATIVE 
CONDENSERS 

3  to  75  toiiH.  All  ro- 
frigeranls.  All  prime 
surface  coils.  Indoor 
or  outdoor  units. 


Evaporative  Condensers  and  Cooling  Towers  are  Hot-Dipped 
Galvanized  After  Fabrication 
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McCord  Corporation 

AIR  CONDITIONING  AND  REFRIGERATION  DIVISION 
Detroit  II,  Michigan 

FACTORIES:  DETROIT,  MICH.,   WASHINGTON,  IND.,   WINDSOR,   CANADA 

MANUFACTURERS  OF  UNIT  HEATERS,  CONDENSERS  FOR 

DOMESTIC  AND  COMMERCIAL  REFRIGERATORS 


MCCORD  HORIZONTAL  TYPE  UNIT 
HEATERS 

16  models  for  industrial,  commercial, 
general  office,  and  store  use — a  type 
size  and  design  for  every  application. 
Features:  modern  design,  high  capacity. 


MCCORD     VERTICAL      TYPE     UNIT 
HEATERS 

12  models  for  overhead  installation — up 
near  the  ceilings,  in  bays,  or  at  low  levels 
in  offices  and  stores. 

McOord  unit  heaters  incorporate  every  unit  heater  advancement  that  McCord  en- 
gineers and  the  experience  of  thousands  of  users  could  suggest.  The  spiral  fin  tube 
surface  as  used  in  McCord  horizontal  and  vertical  types  provides  a  type  of  heat  trans- 
fer surface  of  maximum  efficiency.  Constructed  entirely  of  copper,  the  fins  are  bonded 
by  solder.  The  solder  protects  the  fins  from  external  corrosion,  prolonging  the  life  of 
the  heating  element.  Individual  tubes  prevent  stresses  due  to  unequal  expansion. 
Tube  headers  arc  rounded  for  strength.  Improved  fan  blades  deliver  large  quantities 
of  air  with  minimum  noise  or  vibration.  The  design  of  the  die-formed  air  inlet  is  an 
improvement  that  increases  air  quantity  and  decreases  noise  and  horsepower.  The 
motor  support  is  nonair-restrictiug.  Standard  base  type  motors  are  used,  making 
replacement  easy  if  it  should  ever  be  necessary. 

CONDENSERS  FOR  DOMESTIC  AND 
r      .^««*^^  !  COMMERCIAL  REFRIGERATORS 

McCord  refrigeration  condensers  are  fabricated  by  the 
most  modern  and  economical  methods,  resulting  in  a 
high  quality  product  at  low  cost.  The  McCord  construc- 
tion permits  use  of  continuous  tubing  without  joints, 
eliminating  possibility  of  leaks.  Fins  are  permanently 
copper-brazed  to  the  tube.  Complete  range  of  sizes. 
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McQuay,  Inc. 

1602  Broadway,  N.E.,  Minneapolis  13,  Minn. 
MANUFACTURERS  OF  AIR  CONDITIONING  EQUIPMENT 


Air  Conditioners 
Air  Conditioning  Coils 
Blast  Heating  Coils 
Refrigeration  Coils 
Unit  Heaters 
Unit  Coolers 


Sales  Offices  in  all  Principal  Cities 

PROVEN 


Comfort  Coo  ers 
Blower  Coolers 
(Suspended  &  Floor  Type) 
Ice  Cube  Makers 
Icy-Flo  Accumulators 
Zeropak  Low  Temp.  Units 


P  R  0  0  If 


THE  EXCLUSIVE  McQUAY  RIPPLE-FIN 
RIPPLE-TUBE  COIL  ASSEMBLY 

McQuay  hydraulically  expanded  Ripple-Fin 
Hippie-Tube  Coils  effect  permanent  contact  be- 
tween tubes  and  the  entire  surface  of  the  fin  collars 
— that's  the  advantage  of  the  hydraulic  pressure 
method— to  create  the  lasting  mechanical  bond 
without  the  use  of  any  "low  conductivity"  bond- 
ing material. 

This  significant  advantage  is  a  typical  example 
of  how  a  seemingly  small  detail  in  engineering  de- 
sign plays  an  important  part  in  making  superior 
products. 

McQuay  construction  means  higher  flexible 
strength  with  less  air  friction  and  cleaner  opera- 
tion. To  provide  greater  flexibility,  all  headers 
are  of  non-ferrous  tubes,  elipted  to  compensate 
for  any  unequal  expansions  and  contractions. 

All  secondary  surface  is  of  the  aluminum  ripple -fin  continuous  plate  type,  to  give 
extra  strength,  and  to  provide  heat  transfer  surface  that  remains  clean  for  a,  longer 
period,  thereby  giving  greater  efficiency;  all  tubes  are  electro-tin  plated  for  further 
protection  and  longer  life. 

The  new  standardized  design  provides  11  header  sizes  and  19  tube  lengths,  plus 
other  intermediate  header  sizes  and  many  other  tube  lengths.  McQuuy  thus  pro- 
vides greater  flexibility  for  sizing  jobs. 

This  careful  attention  to  detail  makes  McQuay  performance  possible  and  estab- 
lishes their  preference  among  users.  McQuay  coils  arc  available  in  u  wider  variety 
of  styles  and  sizes,  both  standard  and  special'coils  for  steam,  hot  water,  cold  water, 
brine,  direct  expansion  and  other  applications. 


RIPPLE-FIN  COIL 


COMBINATION 
COOLING   COIL 


WATER  COIL 


STEAM  BUST  COIL 


MORE  THAN  1,000,000  COIL  TYPES  AND  SIZES 

McQUAY  manufactures  a  complete  line  of  Standard  Coils  for  the  Industry. 
Coils  for  Heating — 1  to  10  rows  deep  using  low  or  high  pressure  steam  or  hot  water. 
Jet-Tube  (Non-Freeze  steam  inner  tube)  type  coils  1  and  2  rows  deep. 
Cleanable  Tube— -(Removable  plug)  type  coils  1  to  10  rows  deep. 
Water  Coils  for  Cooling— 1  to  10  rows  deep. 
Direct  Expansion  Coils  for  Cooling— -1  to  8  rows  deep. 
Refrigeration  Coils— all  types  and  sizes. 
Special  Coils— of  various  materials  furnished  on  order  for  special  applications. 
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t  Unit  Heaters 
and  Coolers 


HORIZONTAL 
UNIT  HEATER 


BLOWER  TYPE 
UNIT  HEATER 


COMFORT  COOLER 


AIR  CONDITIONER 
(YEAR-ROUND) 


HORIZONTAL  UNIT  HEATERS 
Number  of  models  increased  in  1949 
to  provide  coverage  for  all  unit  heater 
applications.  This  expanded  line  of 
twenty-four  sizes  covers  the  range 
from  26,000  to  360,000  Btu.  All  sizes 
carried  in  stock.  Write  for  catalog 
321. 

DOWN  FLOW  UNIT  HEATERS 
Available  with  various  air  discharge 
arrangements   for   low,   medium,    or 
high  suspension,  these  unit  heaters  fill 
a  need  on  almost  every  job.    Carried 
in  stock  in  16  sizes  from  32,000  to  500,- 
000  Btu.    Write  for  catalog  756. 
SMALL  AIR  CONDITIONERS 
Cold  Water  and  Freon  Types  For 

Small  Commercial  Applications 
Choice  of  recirculation  of  indoor  air, 
entire  intake  of  outside  air,  or  a  com- 
bination of  both.  Cold  water  or  brine 
used  in  one  type;  Freon  or  methyl 
chloride  in  another.  Modern  con- 
struction assures  quiet  operation. 

2,  3,  5,  and  7J  ton  sizes.    Write  for 
catalog  83 A. 

BLOWER    TYPE   UNIT   HEATERS 

Made  in  8  basic  sizes  covering  the 
entire  range  from  750  cfm  and  24,000 
Btu  to  27,000  cfm  and  1,659,000  Btu. 
Provision  for  handling  external  static ; 
various  outlet  diff users ;  also  available 
with  internal  face  and  bypass 
dampers. 

For  long  life,  efficiency,  and  for  eye 
appeal  specify  McQuay  Unit  Heaters. 
Write  for  catalog  No.  341. 
LARGE    CENTRAL    SYSTEM    AIR 

CONDITIONERS 
For   Large   Industrial   and 
Commercial       Applications 

Horizontal  &  vertical  types,  cools, 
dehumidifies,  filters,  and  circulates  air 
in  summer;  heats,  humidifies,  niters 
and  circulates  air  in  winter.    Extreme 
flexibility   and   accessibility    "built- 
in."    Cooling  capacities  from  2  to  114 
tons  in   both  Suspended  and  Floor 
Type.    Write  for  catalog  501. 
COMFORT  COOLERS 
For    Small    Commercial   Applications 

Made  in  two  types — one  for  use  with 
water  or  brine;  another  for  Freon  or 
methyl  chloride.  Five  sizes  (1,  1J,  2, 

3,  and  5  ton  models)  in  each  type— all 
with  variable-speed  motors.      Write 
for  catalog  81A. 

McQUAY 

Icy-Flo  Accumulators 
The  new  practical  ' 'Storage-Bat- 
tery "  for  refrigeration  effect  is  now 
available  for  handling  heavy  loads  of 
short  duration.  Ideal  for  churches, 
lodges,  mortuaries,  noon  cafeterias, 
and  many  industrial  applications. 
Write  for  catalog  106. 
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DOWN  FLOW 
UNIT  HEATER 


AIR  CONDITIONER 
(YEAR-ROUND) 


AIR  CONDITIONER 
(YEAR-ROUND) 


ACCUMULATOR 


Air  Conditioning 


,  Unit  Heaters 
and  Coolers 


Modine  Manufacturing  Company 

Heating  and  Air  Conditioning  Division 

General  Offices:  1515  Dekoven  Ave.,  Racine,  Wis. 

Factories  at  Racine,  Wis.,  and  LaPorte,  Ind. 

Branches  in  all  Principal  Cities 


THE  MODINE  UNITiHEATER  LINE 


Horizontal  Delivery- 
Mo  dine  gives  you  23 
Models  to  choose  from. 
Built  for  general  indus- 
trial and  commercial  ap- 
plications. 

Power  -  Throw  —  Six 
models  designed  for  spe- 
cialized industrial  appli- 
cations where  machinery 
or  other  plant  equipment 
impedes  air  delivery  of 
standard  units. 

Vertical        Delivery— 16 

Models  designed  for  high 
overhead  installation  — 
or  at  low  levels. 

Cabinet— The  Modine 
Cabinet  Unit  Heater  is 
a  quiet,  high  capacity 
unit,  for  quick,  positive 
heat  distribution. 

Here  are  the  facts  about  Modine  Unit  Heaters 


Type  F 


A  fully  coordinated  line  of  Modine  Unit 
Heaters  offers  greatly  expanded  oppor- 
tunities for  correct  unit  heater  applica- 
tion. Used  individually  or  in  combina- 
tion, they  meet  the  exacting  engineering 
demands  of  any  space  heating  applica- 
tion. 

All-Copper  Coils—The  entire  condenser 
is  pure  copper  or  copper-alloy. 

One-Piece  Construction— Tubes,  header, 
inlet  and  outlet  connections  are  "brazed 
into  a  rugged,  pressure-resisting  unit. 
Fins  are  metallically  bonded  to  tubes. 
Safety  Fan  Guard— On  all  Horizontal 
models,  a  sturdy  built-in  fan  guard  offers 


constant  protection  from  hazards  of  an 
exposed  fan. 

Bonderized  Casings—All  Unit  Healer 
casings  are  Bonderized  providing  secure 
bonding  of  paint  to  steel  and  preventing 
rust  formation. 

Efficient  Motors— Nationally  known 
makes  of  continuous-duty,  totally  on- 
closed  fan  type.  Rubber  mounted  to 
prevent  vibration  noise. 
Easy  Installation— Peak  Performance— 
Direct-from-pipe  line  suspension  for 
low  cost,  fast  installation  of  all  Hori- 
zontal types.  Accurately  rated  in  strict 
accordance  with  the  Standard  Test  Code 
for  Unit  Heaters. 
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Modine  Manufacturing  Company 


Ah  Conditioning 


(  Unit  Heaters 
and  Coolers 


MODINE  CONVECTOR  RADIATION 

Throo  standard  enclosure  styles  and  3  heavy-duty  Institutional  models.  Enclosures 
Bonderize:!.  Accurate  ratings  based  on  tests  made  in  Modine  Laboratories  as  pre- 
scribed by  Commercial  Standard  CS-140-47. 

TYPE  F— Shown  with  at- 
tractively louvered  lower 
grille  and  fingertip  con- 
trol damper— both  op- 
tional. Ideal  for  either 
complete  or  partial  re- 
cessing in  a  wall  or  for 
flush  installation  against 
a  wall. 

TYPE     W— Wall     type,- 
commonly  specified 

where  frequent  cleaning 
of  floors  is  a  requirement. 

TYPE  S— Another  wall- 
hung  enclosure  with  an 
air  outlet  grille  incor- 
porated in  the  sloping 
-top.  Ideal  for  schoolroom 
use. 

TYPE  IF— Institutional-* 
style  for  recessing  or 
free  standing  installa- 
tion. Optional  special 
tamper-proof  fronts  and 
dampers.  Institutional 
models  also  available  in 
the  wall  types  IW  and 
IS. 

MODINE  HEATING  AND  COOLING  COILS 

The  extensive  line  of  Modine  Heating  and  Cooling  Coils  is  engineered  to  meet  the 
diversified  requirements  of  modern  air-handling  systems.  Important  new  design 
and  performance  improvements  make  it  possible  to  closely  match  the  specific  re- 
quirements of  the  application. 

In  addition  to  more  than  3600  cataloged  coils,  Modine  produces  many  custom-built 
coils  for  installation  in  air-handling  equipment  manufactured  by  other  firms. 

«-  Non-Freese  Heatino  Coil 


Standard  Heatino  Coil 

Hot  Water  Heating  Coil 

I 


Ckandble  Water 
Cooling  Coil 


1115 


Air  Conditioning 


Unit  Heaters 
and  Coolers 


U.  S.  PAT.  OFF. 


D*  J.  Murray  Co, 

Wausau,  Wisconsin 

Offices  in  Principal  Cities 

MANUFACTURERS  OF  THE  GRID  UNIT 
AND  GRID  BLAST  COILS 


One  piece  construction  "fin"  heating 
sections  of  high  test  cast  iron — no  sol- 
dered, brazed,  welded  or  expanded  con- 
nections. Patented. 


Designed  and  tested  to  operate  with  steam 
or  hot  water  systems — for  steam  pres- 
sures from  2  Ibs  to  250  Ibs.  Engineered 
along  the  same  lines  as  the  standard 
GRID  Unit  which  had  aluminum  heating 
sections  and  has  been  on  the  market 
since  1929. 


Overall  dimensions  for  installation  of  Cast  Iron 
GRID  Unit  Heater 


CI  (CAST  IRON)  SERIES  GRID  UNIT  HEATER  DATA 


Model 
No. 

A 

Di 
B 

mensi 
C 

ons 
D 

E 

M 
HP 

otor 
RPM 

Vol. 
Fan 

CFM 

Capa 
5PSI 

60°* 

Btu/ 
Hr 

cities 
Steam 
'Air  
Final 
Temp. 

op 

Pipe 

Supply 

Size 
Return 

Sup- 
port 
Rod 
Dia. 

Approx. 
Ship. 
Weight 
Lbs. 

CI-1000 

lit 

13? 

12* 

9! 

154 

1/25 

1550 

572 

29,080 

106 

1* 

li 

_li_ 

H 

150 

CI-1200 

H* 

162 

J2*. 
114 

12* 

184 

1/15 

1550 

798 

45,450 

112 

1* 

1* 

210 

CI-1500 

17* 

15f 

16 

23* 

1/8 

1750 

1500 

76,500 

107 

14 

li 

1A 

280 

CI-1520 

J7t 

m 

151 

114 

21 

28f 

1/8 

1750 

1700 

101,500 

114 

14 

1* 

1A 

390 

CI-2000 

20& 

Hi 

21A 

28f 

1/6 

1150 

2600 

143,000 

110 

2 

li 

H 

490 

CI-2025 

221 

20& 

in 

25i 

35| 

1/6 

1150 

2875 

173,640 

115 

2 

It 

1A 

520 

CI-2500 
CI-2504 

27* 

25* 

13 

25| 

35* 

1/2 

1150 

4350 

224,000 

107 

2 

li 

H 

700 

27* 

25| 

13 

251 

35* 

1/4 

1150 

3300 

206,000 

117 

2 

U 

^L. 
5A 

660 
900 
1020 

CI-2530 
CI-3000 

27* 
32| 

253 
31 

13 
13 

31 
31 

40* 
40* 

1/2 

1/2 

1150 

4650 

275,800 

114 

2 

H 

850 

6300 

332,000 

108 

2* 

li 

_*L- 

_-#._ 

CI-3QOO 

32* 

31 

13 

31 

40* 

1* 

1150 

8000 

380,000 

103 

2* 

H 

1070 

NO  ELECTROLYSIS  TO  CAUSE  CORROSION 


Low  maintenance  expense. 
More  air  changes  per  hour. 
Positive  "directed"  heat. 
No  leaks — no  breakdowns. 


Lower  outlet  temperature. 

Larger  air  volume. 

No  soldered,  brazed  or  expanded  joints. 

Open  design  that  keeps  units  clean. 


Send  for  complete  catalog  information 
Send  for  information  on  Blast  coils  and  radiation. 
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,  Unit  Heaters 


John  Jo  Nesbitt,  Inc. 

Philadelphia  36,  Pa. 

Manufacturers  of 

THE  NESBITT  SYNCRETIZER  Heating  and  Ventilating  Unit,  and 
THE   NESBITT  PACKAGE,  schoolroom  ensemble  consisting  of  the  Syncretizer, 

Convector  and  storage  units,  sold  by  John  J.  Nesbitt,  Inc.,  and  American  Blower 

Corporation : 

NESBITT  HEATING  SURFACE  with  Dual  Steam-distributing  Tubes, 
NESBITT  SERIES  H  HEATING  SURFACE,  and 
NESBITT  SERIES  W  COOLING  SURFACE, 

sold  by  leading  manufacturers  of  fan-system  apparatus ; 
NESBITT  CONVECTORS,  sold  by  plumbing  and  heating  wholesalers; 
WEBSTER-NESBITT  UNIT  HEATERS  (Seepage  1375), 

distributed  in  U.  S.  A.  by  Warren  Webster  &  Company. 


NESBITT  SYNCRETIZER— Series  500 


Semi-recessed  Mode'       ^ 

For  heating  and  ventilating  school- 
rooms, offices,  etc.  where  the  continuous 
introduction  of  outdoor  air  is  desired. 
Incorporates  exclusive  Nesbitt  features: 
Comfort  Control  provides  maximum  com- 
fort; Air  Volume  Stabilizer  prevents  ex- 
cessive quantities  of  outdoor  air  from 
entering  the  unit,  saves  fuel;  Uniform 
Air  Discharge  Temperatures  assured  by 
use  of  Nesbitt  Dual  Steam-Distributing 
Tubes  inside  the  Syncretizer  radiator; 
Directed-Flow  Adjustable  Outlet  permits 
the  direction  of  the  discharge  air  to  be 
varied  to  suit  individual  classroom  re- 
quirement. For  engineering  data,  Pub. 
261.  For  data  on  The  Nesbitt  Package, 
school-room  ensemble  consisting  of  the 
Syncretizer,  Convector,  and  storage 
units.  Pub.  258 

Nesbitt  Series  B  Thermovent 

For  heating  and  ventilating  auditori- 
ums, gymnasiums,  assembly  halls,  and 
similar  gathering  places.  Publication 
No.  227-2 

NESBITT  SURFACE 


SERIES  W-   Continuous  tube  or  clean- 
able  tube  water  surface  for  air-cooling 


and  dehumidifying  with  cold  water,  or 
air  heating  with  hot  water.  Copper 
tubes  and  plate-type  aluminum  fins. 
Wide  range  of  sizes  in  three  types;  Type 
WD  sections  have  exclusive  drainability 
feature  and  the  surface  pitched  in  the 
casing.  Positive  drainage  insured  pro- 
tecting against  winter  freeze-ups.  Pub. 
246 .  Type  WB  sections  for  booster-heat  - 
ing  or  air-cooling  applications  with  rela- 
tively small  air  volumes  and  drainability 
feature  unnecessary.  Type  WC  sections 
employ  standard  Nesbitt  Series  W  Sur- 
face cores,  pitched  in  the  casing.  De- 
signed for  use  where  tubes  require  peri- 
odic cleaning.  Cast  iron  headers  with 
removable  cover  plates  allow  access  to 
tubes.  Single  or  double  serpentine  cir- 
cuits in  a  range  of  sizes.  Pub.  255 

SERIES  H.  General  blast  coil  surface 
for  heating,  ventilating,  air  conditioning 
and  drying  in  both  high-  and  low-pres- 
sure steam  systems.  Copper  tubes  and 
aluminum  fins .  Seven  surface  types,  full 
range  of  sizes.  See  publication  248. 

SERIES  D.  Heating  surface  with 
Steam-Distributing  Tubes,  ideal  for  pre- 
heating outdoor  air.  Freeze-proof  plus. 
Uniform  discharge  temperatures;  precise 
controllability  with  modulating  valves. 
Copper  tubes  and  headers,  aluminum 
fins.  Available  in  Type  DS  having  a 
single  steam  supply,  and  Type  DD  hav- 
ing a  steam  supply  at  both  ends  of  the 
section.  Publication  247. 

NESBITT  CONVECTORS 

Designed  for  steam  or  hot  water  heat- 
ing of  residences,  apartments.  Available 
in  21  stock  sizes. 
Model  U  for  floor 
mounting,  free- 
standing or  semi- 
recessed.  Model 
UW  for  hanging  on 
wall.. Send  for  Pub- 
lications 252  and 
252-A. 
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Unit  Heaters 


THE  HERMAN  NELSON  CORPORATION 

General  Offices  and  Factories  at  Moline,  Illinois 
Branch  Offices  and  Product-Application  Engineers  in  the  Following  Cities: 


ATLANTA,  GA. 

DETROIT,  MICH. 

MILWAUKEE,  Wis. 

PORTLAND,  ORE. 

BALTIMORE,  MD. 

DULUTH,  MINN. 

MINNEAPOLIS,  MINN. 

RICHMOND,  VA 

BOSTON,  MASS. 

GRAND    RAPIDS,    MICH. 

MISSOULA,  MONT. 

SAGINAW,  MICH. 

BUFFALO,  N.  Y. 

GREENSBORO,   N.  C. 

MOLINE,  ILL. 

ST.  Louis,  Mo. 

CAPE  ELIZABETH.ME. 

HOUSTON,  TEX. 

NASHVILLE,  TENN. 

WALT  LAKE  CITY,  UTAH 

CHICAGO,  ILL. 

INDIANAPOLIS,  IND. 

NEW  ORLEANS,  LA. 

SAN  ANTONIO,  TEX. 

CINCINNATI,  O. 

JACKSON,  Miss. 

NEW  YOBIC,  N.  Y. 

SAN   FRANCISCO,  CALIF. 

CLEVELAND,  O. 

KANSAS  CITY,  Mo. 

OKLAHOMA  CITY,  OKLA. 

SEATTLE,  WASH. 

COLUMBUS,  0. 

Los  ANGELES,  CALIF. 

OMAHA,  NEB. 

SPOKANE,  WASH. 

DALLAS,  TEX. 

LOUISVILLE,  IVY. 

PHILADELPHIA,  PA. 

SPRINGFIELD,  MASS. 

DENVER,  COLO. 

MEMPHIS,  TENN, 

PHOENIX,  ARIZ. 

SYRACUSE,  N.  Y 

DES  MOINES,  IOWA 

MIAMI,  FLA. 

PITTSBURGH,  PA. 

WASHINGTON,  D.  C. 

HERMAN  NELSON 

HORIZONTAL 
SHAFT  PROPEL- 
LER-FAN TYPE 
UNIT  HEATERS 
Designed  for  ceiling 
suspension,  these  unit 
heaters  project  warm 
air   downward   in   an 
angular      direction. 
Copper   heating    element   for   use   with 
steam  or  hot  water,  incorporates   pat- 
ented stay  tube  which  maintains  proper 
relationship    between   headers    without 
increasing    strain    on    loops    thus    pro- 
longing life  of  unit.    A  wide  variety  of 
models,  sizes  and  arrangements. 

HERMAN;JNELSON 
VERTICAL  SHAFT 
PROPELLER-FAN 

TYPE  UNIT 
HEATERS 
For  high  ceiling  in- 
stallations. Discharge 
air  vertically  down- 
ward, or  at  an  angle  to 
vertical  in  various  di- 
rections. Long  life  copper  heating  ele- 
ment for  use  with  steam  or  hot  water  in- 
corporates patented  stay  tube.  Units 
available  with  either  high  or  low  velocity 
discharge,  each  with  a  wide  range  of 
capacities. 

HERMAN      NEL- 
SON DE  LUXE 
UNIT  HEATERS 

Efficient,  eco- 
nomical, compact, 
quiet  and  attrac- 
tive, these  Unit 

Heaters  provide  the  ideal  method  for 
heating  offices,  showrooms,  corridors, 
markets,  stores,  etc.  Copper  heating 
element  incorporates  patented  stay  tube. 
Units  may  be  placed  on  floor,  wall  or  sus- 

Herman  Nelson  Unit  Heaters  and  Unit  Ventilators  are  tested  and  rated  in  accord- 
ance with  the  Standard  Test  Code  adopted  jointly  by  the  Industrial  Unit  Heater 
Association  and  the  AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS 
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ponded  from  ceiling.     Itightecn  models 
sizes  and  arrangements. 

HERMAN  NELSON 
CENTRIFUGAL- 
FAN  TYPE 
UNIT  HEATERS 

The  Herman  Nel- 
son Centrifugal -Fan 
Type  Unit  Heater 
can  be  applied  to 
solve  a  multitude  of 
heating  and  venti- 
lating problems.  With  1890  combina- 
tions of  models,  sizes  and  speeds  avail- 
able, there  is  a  unit  to  fit  the  average 
requirements  of  commercial  and  indus- 
trial buildings  of  all  types. 

HERMAN  NELSON 
UNIT  VENTILATORS 

The  Herman  Nelson  Unit  Ventilator 
incorporates  all  of  the  features  of  design 
arid  construction  which  make  possible 
the  efficient  and  economical  maintenance 
of  desirable  schoolroom  air  conditions. 
It  is  quiet,  economical,  attractive  and  is 
designed  to  permit  maintenance  of  uni- 
form temperatures  at  all  times  through 
gradual  throttling  of  the  steam  supply. 

Integral  design  of  cabinet  permits  this 
unit  ventilator  to  be  used  by  itself  or  as  a 
section  of  a  group  including  utility 
cabinets  and  convectors. 


Unit  Heaters 


Air  Conditioning .  Cl  and  mowers 


THE  HERMAN  NELSON  CORPORATION 


General  Offices  and  Factories  at  Moline,  Illinois 


HERMAN  NELSON 

DIRECT  DRIVE 
PROPELLER  FANS 

Provide  most  economi- 
cal form  of  quality  venti- 
lation obtainable  for 
industrial  buildings  of  all 
types.  7  standard  sizes 
available  with  wheel 
diameters  from  14  to  36 
in.  and  capacities  from 
655  to  12,400  cfm.  There 
are  7  high  powered 
models  to  operate  against 
static  resistance  of  %  in., 
with  wheel  diameters 
from  14  to  36  in.  and 
capacities  from  1200  to 
14,600  cfm.  Also  three 
models  especially  adapted  to  small  store 
and  office  applications.  Standard  Models 
available  with  two  speed  motors. 

HERMAN  NELSON 

BELT  DRIVE 
PROPELLER  FANS 

For  public  and  com- 
I  mercial  building  instal- 
I  lations  where  slow  speed, 
quiet  operation  are  re- 
[  quired.  Twelve  sizes  of 
the  standard  model  with 
wheel  diameters  from  24  in.  to  54  in. 
Also  six  sizes  of  the  High  Powered  model 
with  the  same  wheel  diameters.  Capaci- 
ties: 5650  to  36,150  cfm.  Due  to  quiet 
operation  of  Herman  Nelson  Belt  Drive 
Propeller  Fans,  use  of  two  speed  motor 
is  unnecessary. 

HERMAN  NELSON 
DIRECT  DRIVE 
UNIT  BLOWERS 

Designed  for  many 
applications,  such  as 
fume  hoods,  toilet 
ventilation,  chemical 
laboratories,  indus- 
trial processing  and  drying  problems. 


Compact,  direct  connected,  motor  driven 
units  have  universal  discharge  and 
mount  on  floor,  wall  or  ceiling.  Available 
in  four  sizes  with  9  speed  combinations. 
Wheel  diameters  from  6>Ie  in-  to  11  in. 
and  capacities  from.  360  to  2265  cfm. 


HERMAN  NELSON 

BELT  DRIVE 
UNIT  BLOWERS 

Fully  self-contained 
unit  including  motor, 
drives  and  housing; 
slow  speed  or  non- 
over-loading  type 
wheels  available;  adjustable  motor 
pedestal  with  vibration  dampers;  uni- 
versal discharge;  nine  sizes  with  70  drive 
combinations.  Available  with  any  rota- 
tion and  discharge.  Wheel  diameters 
from  11  in.  to  30  in,  and  capacities  from 
980  to  16,892  cfm. 


HERMAN  NELSON 
CENTRIFUGAL  FANS 

Herman  Nelson  Centrifugal  Fans  are 
designed  and  constructed  for  smooth, 
efficient,  long-life  operation  on  any  sys- 
tem requiring  the  use  of  a  Class  I  or  II 
centrifugal  fan.  These  fans  are  avail- 
able in  either  slow  speed  or  non-over- 
loading type ;  17  wheel  diameters  from  12% 
to  73  in.;  single  or  double  width;  8 
arrangements  for  direct  or  belt  drive; 
and  any  rotation  or  discharge. 


Model  BN 


Model  AN 


Herman  Nelson  Propeller  and  Centrifugal  Fans  are  tested  and  rated  in  accordance 
with  the  Standard  Test  Code  adopted  jointly  by  the  National  Association  of  Fan 
Manufacturers  and  the  AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  EN- 
GINEERS. 
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DIVISION 

Prat-Daniel  Corporation 


88  Water  Street 


East  Port  Chester,  Conn, 


THERMOBLOC 

Direct  Fired,  Self  Contained  Industrial 

Heating  Units 

Are  made  in  TWO  STANDARD  Sizes 
And  There's  a  Reason! 

Prime  purpose  of  direct-fired  heating 
is   to   achieve  economy   by  simplifying 
heat  transfer  and  distribution. 
THERMOBLOC'S  two  standard  sizes—- 
THERMOBLOC  Model  #300  output 

300,000  Btu  per  hr 
THERMOBLOC  Model  #550  output 

550,000  Btu  per  hr 

were  decided  upon  after  a  comprehensive 
survey  had  indicated  thai,  these  two  sizes 
could'  be  combined  to  accurately  fit  the 
requirements  of  the  greatest  variety  of 
plant  shapes  and  sizes. 

By  spotting  these  two  sizes  of 
THERMOBLOC  in  strategic  locations 
throughout  the  plant,  great  CM-  flexibility 
of  control  is  obtained  and  expensive  duct- 
work eliminated.  Both  sixes  are  designed 
to  throw  heat  to  their  maximum  capacity 
range — the  small  model  covens  35  to  40 
ft  in  all  directions,  the  large  one,  55  to 
65  ft. 
SIMPLICITY  THE  KEYNOTE 

Throughout  the  entire  design  and  con- 
struction of  THERMOBLOC,  simplicity 
has   been   carefully   preserved.   Sturdy, 
boiler-like   construction   of   combustion 
chamber  and  heat  transfer  surfaces,  plus 
dependable,  nationally  recognized  con- 
trols, burners,  motors  and  fans,  make 
THERMOBLOC  a  reliable  unit  for  long,  trouble-free  service. 
THERMOBLOC  is  completely  automatic  and  its  floor  space 
requirements,  of  30  in.  diameter  for  each  unit,  are  small.  i^^^^^^^^^ 

SEND  FOR  THIS  THERMOBLOC  BULLETIN-™ 

This  useful  piece  of  literature  contains  complete  specifica- 
tions  of  THERMOBLOC'S  two  standard  models,  as  well  its 
Engineering  Data  Tables  for  figuring  Heat  Loads  and  Esti- 
mating Fuel  "Requirements.  Send  for  your  copy 
on  your  business  letterhead  today. 

THERMOBLOC  INSTALLATION 

IS  SIMPLE 

Here's  a  THERMOBLOC  fresh  from  the  fac- 
tory, with  all  controls  and  components  in  place. 
There  is  nothing  to  assemble.  Just  run  up  a 
fuel  line  and  a  power  circuit  and  you  are  ready 
to  make  heat. 

THERMOBLOC'S  overall  efficiencies  run  82 
per  cent  to  86  per  cent. 
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Refrigeration  Economics  Co*9  Inc. 

1231  Tuscarawas  St.  E.,  Canton  2,  Ohio 

RECOY  PRODUCTS 


«-  C.  T.  COILS 

Continuous-tube  down-draft  fin-coils  arc 
still  unsurpassed  for  meat  coolers, 
or  other  products  requiring  high  humid- 
ity and  gentle  air  circulation. 

EVAPORATIVE  CONDENSERS  -» 

Evaporative  condensers  from  2  to  100 
tons.  Brine  spray  cooling  to  25  tons. 

«-  CEILING  DIFFUSER 

Ceiling  diffusers  distribute  the 
cooled  air  across  the  ceiling,  so 
the  draft  does  not  strike  the 
products  stored  or  occupants . 

C.  F.  COILS  -> 

Continuous  fin   coils  for  unit 
coolers,  blast  heaters,  air  con 
ditioning  and  condensers. 

AIR  CONDITIONING 

Air  conditioning  units  of  ceiling 
or  floor  type  in  all  capacities, 
for  cooling,  heating,  or  both. 

AUTOMATIC  DEFROST -4 
UNITS 

Complete,  ready  for  electric, 
liquid,  suction,  and  hot  gas 
connections.  One  coil  working 
always,  both  98  per  cent  of 
time. 

4-  WALL  UNITS 
Recoy  "All  Seasons"  wall  units 
provide  a  damper  for  deflecting 
the  cold  air  down  along  the  wall 
or  out  horizontally  into  the 
room,  thus  providing  proper  air 
circulation  for  "All  Seasons." 

SHELL  CONDENSER  ->> 
Shell  and  tube,  also  shell  and  fin 
coil  condensers.  Both  types 
have  tubes  arranged  for  clean- 
ing with  mechanical  tube 
cleaner. 

.  WATER  COOLING 

•A  Self    contained    complete    ice 
j  water  and  brine  coolers  com- 
w  plete  with  high  and  low  sides, 
circulating    pumps,     controls, 
and  insulation,     1%  to  50  hp. 
FLOOR  UNITS        -* 
Floor  units  with  cooling  surface 
exposed  to  view  have  a  definite 
advantage  over  those  with  coils 
hidden.    Design  permits  water 
defrosting. 
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The   TRRIIE   Company 

2021  Cameron  Avenue,  La  Crosse,  Wisconsin 

In  Canada:  Trane  Company  of  Canada,  Ltd.,  Toronto,  Ontario 
COMPLETE  LINE  HEATING  AND  CONDITIONING 


Over  75  Trane  Sales  Offices 


ALBANY,  N.  Y. 

DAVENPORT,  IOWA 

Los  ANGELES,  CALIF. 

ST.  Louis,  Mo. 

ALLENTOWN,  PA. 

DAYTON,  OHIO 

LOUISVILLE,  KY. 

ST.  PAUL,  MINN. 

AMARILLO,  TEXAS 

DENVER,  COLO. 

MEMPHIS,  TENN. 

SALT  LAKE  CITY,  UTAH 

APPLETON,  Wis. 

DES  MOINES,  IOWA 

MILWAUKEE,  Wis. 

SAN  ANTONIO,  TEXAS 

ATLANTA,  GA. 

DETROIT,  MICH. 

MISSOULA,  MONT. 

SAN  FRANCISCO,  CALIF. 

AURORA,  ILL. 

ERIE,  PA. 

NASHVILLE,  TENN. 

SEATTLE,  WASH. 

BALTIMOKE,  MD. 

FLINT,  MICH. 

NEWARK,  N.  J. 

Sioux  CITY,  IOWA 

BILLINGS,  MONT. 

GAINESVILLE,  FLA. 

NEW  ORLEANS,  LA. 

SOUTH  BEND,  IND. 

BIRMINGHAM,  ALA. 

GRAND  RAPIDS,  MICH. 

NEW  YORK,  N.  Y. 

SPOKANE,  WASH. 

BOSTON,  MASS. 

GREENSBORO,  N.  C. 

OKLAHOMA  CITY,  OKLA. 

SYRACUSE,  N.  Y. 

BUFFALO,  N.  Y. 

GREENVILLE,  S.  C. 

OMAHA,  NEBR. 

TOLEDO,  OHIO 

CANTON,  OHIO 

HARRISBURG,  PA. 

PHILADELPHIA,  PA. 

TRUMBULL,  CONN 

CHARLESTON,  W.  VA. 

HOUSTON,  TEXAS 

PHOENIX,  ARIZ. 

TULSA,  OKLA. 

CHATTANOOGA,  TENN. 

INDIANAPOLIS,  IND. 

PITTSBURGH,  PA. 

WASHINGTON,  D.  C. 

CHICAGO,  ILL. 

JACKSON,  Miss. 

PORTLAND,  MAINE 

WEST  HARTFORD,  CONN. 

CINCINNATI,  OHIO 

JOHNSON  CITY,  TENN. 

PORTLAND,  ORE. 

WHITE  PLAINS,  N.  Y. 

CLARKSBURG,  W.  VA. 

KANSAS  CITY,  KANS. 

PROVIDENCE,  R.  I. 

WICHITA,  KANS. 

CLEVELAND,  OHIO 

KNOXVILLE,  TENN. 

RICHMOND,  VA. 

WILKES-BAHRE,  PA. 

COLUMBUS,  OHIO 

LA  CROSSE,  Wis. 

ROANOKE,  VA. 

WILMINGTON,  DEL. 

DALLAS,  TEXAS 

LAKE  CHARLES,  LA. 

ROCHESTER,  N.  Y. 

WORCESTER,  MASS. 

Convector 


A  COMPLETE  LINE.  The  Trane  Company  fabricates  a  complete  line  of  heating, 
cooling,  air  conditioning  and  air  handling  equipment.  So  comprehensive  is  the  Trane 
Line  that  any  number  of  complete  heating  and  air  conditioning  systems  can  be  de- 
signed in  which  all  the  major  parts  are  made  by  Trane. 
Trane  Convector-radiators — The  Trane 
Convector  is  a  compact,  easy-to-install 
unit.  Available  for  either  steam  or  hot 
water  heating  systems  in  a  variety  of 
cabinet  types. 

Trane  Coils— There  are  Trane  Extended 
Surface  Coils  for  every  Cheating  or  cool- 
ing  application.  Types  include  coils  for 
steam,  hot  water  or  booster  heating, 
direct  expansion  or  water  cooling. 
Trane  Blower  Unit  Heaters — Better 
known  as  Torridors.  Ideal  for  heating 
large  spaces,  exposed  areas  requiring  a 
blanket  of  heat,  and  for  process  applica- 
tions. 

Trane  Propeller  Type  Unit  Heaters- 
Sides,  top  and  bottom  of  one-piece  wrap- 
around construction.  Grille  and  fan  Corridor  Unit  Heater 
shroud  are  attached  to  complete  the 
unit.  Body  construction  gives  greater 
support  to  coil  and  motor — giving  clean 
and  handsome  appearance.  Coil  is  pro- 
tected against  expansion  and  contraction 
by  newly  developed  floating  coil  fea- 
tures. Capacities  from  20,000  through 
352,000  Btu. 

Trane  Projection  Heaters— A  Trane 
development,  the  Projection  Heater 
taps  the  usually  wasted  heat  reservoir  at 
the  ceiling.  Available  with  any  of  several 
grille,  louver  or  diffuser  arrangements 
or  completely  adjustable  Cloverleaf 
Diffuser. 

Trane  Wall-Fin  Heaters— Ideal  for  all 
forms  of  industrial  strip  heating.  Lengths 
2  to  10  ft  in  6  in.  increments.  Also  avail- 
able with  expanded  metal  grille  and 
Cabinets.  Climate  Changer 


Propeller  Type, 
Unit  Ucatcr 


Projection  Heater 


Type  MC 

Unitmiic 
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Trane  Climate  Changers — Trane  Climate 
Changer,  a  unit  type  air  conditioner,  is 
designed  for  summer,  winter,  or  year 
around  air  conditioning.  Available  in 
various  coil  combinations  with  or  with- 
out humidification  equipment. 
Trane  Unit  Ventilators — To  meet  every 
requirement  of  ventilation  in  school 
classrooms  and  similar  installations. 
Modernistic  cabinets  house  unit  ventila- 
tor mechanisms  and  heating  elements. 
Trane  Multi-Room  Air  Conditioning 
Systems — Includes  Custom-Air  which 
provides  separate  control  of  tempera- 
ture and  moisture,  UniTrane  for  control 
of  temperature  and  moisture  without 
the  use  of  ducts,  standard  unit  systems 
and  control  systems. 
Trane  Roof  Ventilators — A  complete 
line  of  powered  ventilators  including 
ventilating  heater,  standard  ventilators 
for  supply  and  exhaust  and  vertical 
units  for  exhaust  only. 
Trane  Refrigeration  Equipment— The 
Trane  Turbo-Vacuum  Compressor  is  a 
completely  self-contained  hermetically 
sealed  centrifugal  type  waterchlller. 
Constant  operation  with  a  minimum  of 
maintenance  is  assured.  Trane  also  fur- 
nishes a  complete  line  of  Reciprocating 
Compressor  and  Condensing  Units  with 
capacities  ranging  from  3  to  100  tons, 
and  Trane  Self-Contained  Air  Condi- 
tioners for  shop  and  office  spaces. 
Trane  Centrifugal  Fans — In  direct  or 
belt-driven  units,  single  or  double 
widths,  and  all  standard  discharges  in 
backward  and  forward  curved  blade  con- 
struction. Capacities  200  to  330,000  cfrn. 
Trane  Steam  Heating  Specialties— Over 
fifty  valves,  traps,  vents,  strainers.  In- 
cludes famous  Trane  Hermetic  Valve 
with  the  Lifetime  Diaphragm  that  pre- 
vents steam  leakage  around  the  stem. 
Trane  Hot  Water  Heating  Specialties- 
Included  are  the  Trane  Circulator,  Flo 
Valves  and  Fittings.  Combined  with 
Trane  Convectors,  they  provide  an  ideal 
Warm  Water  Heating  System. 
Trane  Evaporative  Condensers— For 
condensing  refrigerant.  Uses  minimum 
amount  of  water.  Available  in  sizes  from 
10  to  100  tons. 

Trane  Literature  — Trane  publishes  the 
Trane  Air  Conditioning  Manual  ($5.00), 
unbiased  textbook  for  the  engineering 

f       -  i  xt.      rn  T*C-  j  • 

professi0n}  and  the  Trane  Refrigeration 
Manual  ($1.50),  a  reference  for  the  servicing  and  installing  of  all  types  of  refrigeration 
systems. 

Other  Trane  Equipment— 1.  Condensation  and  Centrifugal  Pumps;  2.  Dry  Type  Water 
Chillers;  3.  Cooling  Towers;  4.  Force-Flo  Heater;  5.  Railroad  Air  Conditioning  Equip- 
ment; 6.  Shell-  and  Tube-Heat  Exchangers;  5.  Evaporative  Coolers;  6.  Transformer  Oil 
Coolers ;  7.  Air  Washers. 

Write  today  for  literature  describing  Trane  Products 
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Factories: 
NEWARK,  N.  J. 


L.  J.  Wing  Mfg.  Co. 

59  Vreeland  Mills  Road,  Linden,  N.  J. 


Canadian  Factory: 

MONTREAL 


Branch  Offices  in 


Principal  Cities 


WING  REVOLVING  UNIT  HEATERS 


Wing  Revolving  Unit  Heaters  draw  the 
air  from  the  roof  or  ceiling,  pass  it 
through  the  Wing  Featherfin  Heating 
Section,  and  project  the  resultant  heated 
air  through  slowly  revolving  discharge 
outlets  to  the  working  level  below.  As 
the  moving  warm  air  reaches  the  working 
level,  it  mixes  uniformly  with  the  cold 
air,  circulates  around  bulky  machinery 
or  other  obstacles  and  penetrates  into 
cold  damp  corners,  repair  pits,  etc. 
Thus  is  assured  a  comfortable,  uniform 
temperature  throughout  the  entire  plant, 
a  condition  not  attainable  with  the  sin- 
gle-direction discharge  of  the  ordinary 
unit  heater.  The  effect  on  the  worker, 
because  of  the  gentle  air  motion,  is  a 
pleasing  sensation  of  fresh,  live,  invigor- 
ating warmth. 


Cross  section  o/  Turbine 
Heater  showing  fan  tur- 
bine hetitGT  section  and 
revolving  discharge  outlet 
Design  Aro.  6. 


The  Wing 
Revolving 
Unit  Heater 
is  available 
in  three  dif- 
ferent types 
of  revolving 
discharge 
outlets,  as 
illustrated 
above,  to  suit  the  varying  requirements 
of  buildings  and  rooms  of  different 
heights  and  shapes.  An  additional  fea- 
ture of  the  Wing  Revolving  Unit  Heater 
is  its  use  for  summer  cooling.  With  the 
steam  turned  off  and  the  faas  on,  the  re- 
volving discharge  outlets  provide  an 
equally  pleasant  cooling  effect.  Wing 
Revolving  Unit  Heaters  are  also  available 
in  Turbine-Driven  and  Gas-Fired  models. 
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Design 


Type  "HC"  Fixed 
Discharge 

'gn  No.  7 


WING  Design  No.  4 

FIXED  DISCHARGE  UNIT  HEATERS 

The  first  light-weight,  ceiling-sus- 
pended, unit  heater.  Eight  different  de- 
signs of  outlets  meet  the  requirements  of 
every  type,  size  and  height  of  building 
or  occupancy.  Located  near  ceiling  or 
roof,  the  accumulation  of  hot  air  in  the 
upper  spaces,  with  the  accompanying 
costly  waste  of  heat,  is  prevented.  They 
project  the  air,  comfortably  warmed, 
downward  to  the  working  area.  Bulletin 

HR~5'  DOOR  HEATERS 

GARAGE 
HEATERS 


WING  developed 
this  vertical  cone- 
discharge  heater  in 
1921  and  today  it  is 
still  applicable  for  heating  the  inrush  of 
cold  air  at  large  doorways  and  for  garage 
heating.  Often  cuts  heating  costs  in 
half.  Bulletin  HR-5. 

FOR  LOW  CEILINGS 

In  this  type  of 
WING  Unit 
Heater  the  posi- 
tion of  fan  and 
motor  are  reversed 
to  meet  conditions 
of  ceiling  or  roof 
height,  form  and 
shape  of  building,  coverage,  etc.  Bulle- 
tin HR-$t 

WING  UTILITY  UNIT  HEATERS 

A  lightweight  sus- 
pended unit  heater  for  de- 
livering heated  air  in  one 
general  direction.  Has 
the  same  powerful  fan 
and  rugged  heating  ele- 
ment as  WING  Feather- 
weight Unit  Heaters. 
This  is  the  latest  refinement  of  the  origi- 
nal horizontal  light-weight  heater  which 
was  developed  by  WING.  Bulletin  U-7. 


Type  "LC" 


Design  No.  1-HV 


Design  No.  5  Design  No.  8 

WING  GAS  FIRED  UNIT  HEATERS 
For  natural  or  manufac- 
tured gas.  Combines  gas 
burners,  heat  exchanger 
and  combustion  chamber 
with  motor  driven  Wing 
fan  and  discharge  out- 
lets. The  revolving  dis- 
charge outlet  distributes 
the  heat  continuously  in  constantly 
changing  directions.  Bulletin  GH-1. 

FEATHERFIN  HEATER  SECTIONS 

For  heating  or  cooling  air 
for  any  purpose  by 
steam,  hot  or  cold  water 
or  refrigerant .  The  heat- 
ing element  is  extremely 
light  and,  for  equal  heat 
transfer,  offers  little  re- 
sistance to  air  flow. 
Available  for  any  desired  final  air  tem- 
perature. Bulletin  HS-4. 

VARIABLE  TEMPERATURE 
SECTIONS 

Invaluable  in  supplying 
fresh  air  of  varying  tem- 
peratures for  space  heat- 
ing or  process  work. 
Close  control  of  the  de- 
livered air  temperature. 
Positively  will  not  freeze. 
Manual  or  automatic 
control.  Bulletin  HS-4- 

WING  INDUSTRIAL  FOG 
ELIMINATORS 

Eliminate  fog,  odor  and 
fumes  in  dyeing,  bleaching 
and  finishing  plants,  cream- 
eries, pasteurizing,  bottling, 
canning  and  packing  plants, 
chemical  works,  paper  mills, 
steel  pickling  plants,  etc. 
No  ducts  are  required.  Bul- 
letin FE-12. 
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WINGFOIL  SAFETY 
VENTILATING  FANS 


An  axial  flow  fan 
that  will  deliver  air 
against  static  pres- 
sure, quietly  and 
efficiently. 

Moves  the  air  for- 
ward in  straight 
lines  with  mini- 
mum eddy.  Capac- 
ities to  100,000 
cfm.  Bulletin  F-10. 


Elbow  Type  Duct  Pan 

WING  SYSTEM  OF  CONTROLLED 
COMBUSTION 

For  low  pressure  heating  boilers  and  small 
power  boilers.  Increases  capacity  and  permits 
use  of  lowest  cost  fuel.  Includes  Type  EM 
Blower  equipped  with  fully  enclosed  dustproof 
motor  with  speed  regulating  rheostat  and  auto- 
matic control.  Eliminates  necessity  of  fre- 
quent firing,  allowing  intervals  as  great  as  24 
hours  even  in  zero  weather.  Bulletin  M-96. 
WING  TURBINE-DRIVEN  BLOWERS 
Applied  to  hand,  stoker,  oil  or  pulver- 
ized fuel  fired  boilers,  increase  boiler 
capacity,  maintain  constant  steam  pres- 
sure and  permit 
complete  com- 
bustion of  low- 
cost  fuels.  The 
exhaust  steam, 
free  from  oil, 
can  be  used  for 
heating  or  proc- 
esses. Bulletin 
SW-48. 

WING  DRAFT  INDUCERS 
For  use  in  connection  with  oil,  gas, 
stokered  or_hand-fired  heating  boilers, 
moderate    sized    high    pressure    steam 


WINGFOIL  DUCT  FANS 
A  compact, 
economical 
"housed  fan" 
designed  to  op- 
erate against 
static  pressure. 
Available  in 
either  the  elbow 
or  straight-line 
type.  >  The 
highly  efficient 
fan  is  encased 
but  the  motor 

is   entirely   OUt-         Straight  Line  Duct  Fan 

side  the  housing— always  cool,  clean  and  easily 
accessible—and  out  of 'the  path  of  hot  or  dirty 
air  or  gases  which  might  bo  injurious  to  it. 

Delivers  large  air  volumes  with  low  power 
consumption  efficiently  against  static  pressure. 
Straight  line  type  furnished  for  horizontal  or 
vertical  operation  and  is  driven  by  V-belt. 
Elbow  type  may  have  either  belt  or  direct 
drive.  Complete  range  of  sizes  from  200  to 
85,000  cfm.  Bulletin,  F-10. 


plants,  industrial  furnaces,  kilns  and 
marine  boilers.  Provides  positive,  uni- 
form draft  re- 
gard less  of 
weather  condi- 
tions and  as- 
sures thorough 
I  and  efficient 
co  mbustion 
with  high  C02 
content.  Bul- 
letin I -10. 


Installation  of  Wing  System  of  Controlled 
Combustion  in  a  large  school 


(capacity 


WING  MOTOR-DRIVEN  BLOWERS 

This  well-known 
forced  draft  blower 
is  distinguished  by 
(1)      Simple     and 
Rugged  Construc- 
tion   (2)    Compact 
Design  (3)  Low  In- 
stallation Cost  (4) 
High      Efficiency, 
Quiet  Performance 
(5)    Built-in    Voltrol 
regulating    dampers)    actuated    by  an 
external    balanced   lever.    Can  be   ad- 
justed manually  or 
connected   to   any 
standard    combus- 
tion control  rogu- j 
lation.   Precise   ini 
construction,    lie -I 
duction  in  volume* 
is  accompanied  by  ' 
a      reduction      in 
horsepower  over  a 
wide  range.  SW-J^B 
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Young  Radiator  Co. 

Dept.  540,  Racine,  Wis. 

Sales  and  Engineering  Offices  in  Principal  Cities 


YOUNG 

HEAT  TRANSFER 
PRODUCTS 


Young  offers  a  complete  line  of  heating,  cooling  and 
its  modern  research  and  manufacturing  facilities, 
to  your  heat  transfer  requirements. 


HEATING,  COOLING  AND  AIR 
CONDITIONING  PRODUCTS 

Convectors  -  Unit  heaters  -  Heating  coils  -  Cooling 
coils  -  Evaporative  condensers  -  Air  conditioning  units. 

AUTOMOTIVE  AND  INDUSTRIAL  PRODUCTS 
Gas,  gasoline,  Diesel  engine  cooling  radiators  -  Jacket 
water  coolers  -  Heat  exchangers  -  Intercoolers  -  Con- 
densers -  Evaporative  coolers  -  OH  coolers  -  Gas 
coolers  -  Atmospheric  cooling  and  condensing  units  - 
Supercharger  intercoolers  -  Aircraft  heat  transfer 
equipment 

air  conditioning  products  from  a  single  source  .  .  .  plus 
The  result  is  a  practical,  economical,  reliable  solution 


HEATING,  COOLING-  &  AIR 
Type  "SH"  unit 
heaters  for  horizon- 
tal air  discharge. 
Capacities  from 
19,000  to  325,000 
Btu  per  hour. 


Type  "V"  or  Verti- 

flow  unit  heaters  for 
vertical  air  dis- 
charge. Capacities 
from  52,600  to 
552 ,000  Btu  per  hour. 

Cabinet  Type  unit 
heaters  offer  unit 
heater  performance 
plus  the  beauty  of 
modern  cabinet  styl- 
ing. Capacities  from 
26,200  Btu  to  115,000 
Btu  per  hour. 


Type  "BE"  blower 
unit  heaters  for 
floor,  wall  or  ceiling 
mounting.  Capaci- 
ties from  109,400  to 
1,047,000  Btu  per 
hour. 


CONDITIONING  EQUIPMENT 
Convector-Radia- 
tors  in  Standard- 
ized Types — circu- 
late rather  than 
radiate  heat.  Used 
with  steam  or  hot 
water  systems. 
Cabinets  blend 
with  architecture 
and  room  decor. 
Young  "YAC"  Air 
Conditioning 
Units  provide  year 
around  air  condi- 
tioning. Available 
in  eight  sizes,  in 
capacities  ranging 
from  450  cfm  to 
15,750  cfm,  horizon- 
tal or  vertical  units. 
Heating  coils  fur- 
nished for  either 
steam  or  hot  water; 
cooling  coils  for 
water  or  direct  ex- 
pansion operation. 
Possible  to  provide 
a  unit  for  heating  | 
only,  cooling  only, 
or  for  heating  and  1 
cooling.  Compact,  * 
easy  to  handle,  and 
install. 


HEATING  &  COOLING  COILS 


Type  "W"  ^water 
coils  for  cooling  or 
heating  with  either 
unit  or  central  plant 
systems.  Five 
widths,  11  to  35  in.; 
2  to  8  rows  of 
tubes ;  many  lengths. 


Types  "B"  and 
"A"  blast  coils  for 

cither  unit  or  cen- 
tral plant  heating 
and  air  condition- 
ing systems.  Steam 
distributing  tube 
type  available. 


*r  —^ 

Other  types  in  Young's  complete  line  of  coils  include:  Type  "E,"  evaporator  coils 
for  direct  expansion  cooling  systems;  Type  "C,"  unencased  coils  for  use  in  factory 
built  unit  air  conditioners  available  in  either  standard  or  steam  distributing  tube 
types. 
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Air  Conditioning  and  Heating  Piping  •  Co*Per and  Br*ss 


The  American  Company 

General  Offices:  Waterbury  88,  Conn. 

District  Offices  in  Principal  Cities 


IN  CANADA:  ANACONDA  AMERICAN  BRASS  LIMITED,  NEW  TOBONTO,  ONTARIO 


PRODUCTS — Anaconda  Deoxidized  Copper  Tubes  and  Fittings;  Anaconda 
"85**  Red  Brass  Pipe;  Everdur  Metal  for  storage  heaters,  storage 
tanks,  ducts  and  air  conditioning  equipment 

conda  Solder  Fittings  arc  compact. 
They  can  be  installed  in  restricted  space 
where  the  use  of  a  wrench  would  be  im- 
possible. 


ANACONDA  COPPER  TUBES  AND 
FITTINGS 

For  Heating*  Plumbing  and 
Air  Conditioning 

Anaconda  Deoxidized  Copper  Water 
Tubes,  assembled  with  Anaconda  Fit- 
tings, offer  an  unusual  combination  of  ad- 
vantages for  hot  water  and  low  pressure 
steam  heating  systems,  including  radiant 
panels.  These  advantages  may  be  sum- 
marized briefly  as  follows: 

Low  Friction  Loss — Because  the  inside 
surfaces  of  copper  tubes  are  inherently 
smoother  than  those  of  pipe  and  tubes 
made  of  ferrous  materials  and  also  be- 
cause they  do  not  become  roughened  by 
the  formation  of  rust,  these  tubes  offer 
a  lower  resistance  to  flow.  In  addition, 
the  long  radius  turns  of  Anaconda  Elbows 
and  the  smooth  inside  surface  of  Ana- 
conda Wrought  Copper  Fittings  further 
reduce  friction  losses. 

These  factors  naturally  increase  the 
efficiency  of  the  system,  particularly 
when  it  includes  a  forced  pressure 
circulator. 


Ease  of  Installation — In  many  pi  i  ces 
the  flexibility  of  copper  tubes  simplifies 
connections  that  ordinarily  would  be 
awkward  and  expensive  to  make  with 
rigid  pipe  and  threaded  fittings.  Ana- 


Architects  and  builders  naturally  ob- 
ject to  large  holes  and  notches  cut  in  the 
framing  members  of  a  building  for  the 
passage  of  piping.  Anaconda  Copper 
Tubes  can  be  installed  with  a  minimum 
of  cutting  in  the  structure-— although 
holes  should  be  large  enough  to  permit 
movement  of  tubes  due  to  expansion  and 
contraction. 


Temper  and  Thicknesses — Anaconda 
Copper  Tubes  are  made  in  both  hard  and 
soft  temper  and  in  standard  wall  thick- 
nesses. 


They  meet  the  requirements  for  these 
types  of  tubes  in  Federal  Specification 
WW-T~799a  arid  ^US.Wfef.  Specification 
B88.  Type  K,  the  heaviest,  is  recom- 
mended for  heating  lines  and  general 
piping- 
Accuracy  of  Dimensions — Anaconda 
Deoxidized  Copper  Water  Tubes  are  all 
finished  to  the  close  size  tolerances  re- 
quired by  the  A.8.T.M.  and  Federal 
Specifications,  which  have  been  found 
essential  for  efficient  assembly  with 
solder  fittings. 


Anaconda  Copper  Tube**,  in  standard 
sizes  are  furnished  soft  in  60-ft  coils;  also 
hard  and  soft  in  20-ft  straight  lengths. 
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Air  Conditioning  and  Heating  Piping  •  copper  and  Brass 


The  American  Brass  Company 


REFRIGERATION  TUBING 

Anaconda  Dehydrated  Copper  Refrig- 
eration Tubes  are  manufactured  in  accor- 
dance with  A.S.T.M.  Specification  B68, 
in  all  standard  sizes  up  to  and  including 
y^  in.  O.D.,  in  50-foot  coils.  Longer 
lengths  are  made  to  special  order.  These 
tubes  are  manufactured  under  excep- 
tionally clean  mill  conditions  and  close 
technical  control  to  assure  clean,  smooth 
inside  surfaces,  unusual  accuracy  in  size 
and  shape,  and  uniform  softness.  The 
tubes  are  cup-sealed  immediately  after 
annealing  and  dehydrating. 

ANACONDA  "85"  RED  BRASS  PIPE 

Anaconda  "85"  Red  Brass  Pipe,  in 
standard  pipe  sizes,  is  considered  the 
highest  quality  corrosion-resistant  pipe 
commercially  obtainable  at  a  moderate 
price  and  is  recommended  for  steam  re- 
turn lines. 

Anaconda  "85"  Red  Brass  Pipe  con- 
tains 85  per  cent  copper  and  conforms  to 
Government  specifications  for  Grade"A" 
water  pipe.  The  mark  "Anaconda  85" 
is  stamped  in  the  metal  at  one-foot 
intervals  throughout  each  length. 

EVERDUR* 

Everdur  Metal  is  the  original  copper- 
silicon  alloy  group.  It  is  manufactured 
by  The  American  Brass  Company  in  five 
standard  compositions  and  in  practically 
all  commercial  forms. 

This  high  strength  engineering  metal  is 
resistant  to  a  wide  range  of  corroding 
agents.  Because  of  a  versatile  combina- 
tion of  useful  properties,  Everdur  has 
become  standard  as  a  materal  for  equip- 
ment in  many  fields  of  engineering  and 
industry. 

In  addition  to  their  non-rusting  prop- 
erties and  high  strength,  Everdur  alloys 
possess  many  qualities  not  usually 
found  in  metals  of  this  character.  They 
are  unusually  resistant  to  general  atmo- 
spheric conditions  and  other  normally 
corrosive  factors.  Everdur  alloys  have 
excellent  machining  and  working  charac- 
teristics and  can  be  fabricated  into  a 
variety  of  forms  and  shapes.  Everdur 
alloys  are  available  for  oxy-acetylene,  car- 
bon and  inert-gas-shielded  arc  welding. 


*  "Everdur"  is  a  trademark  of  The  American 
Brass  Company  registered  at  the  U.  S.  Patent 
Office. 


CORROSION  RESISTANCE 

The  corrosion  resistance  of  Everdur  is 
equivalent  to  that  of  pure  copper  and  in 
some  cases,  slightly  superior. 

However,  like  copper  and  all  copper 
alloys,  Everdur  is  not  equally  resistant  to 
all  corroding  agents,  nor  to  the  same  cor- 
roding agents  under  all  conditions.  As 
with  copper,  the  resistance  to  corrosion 
may  be  substantially  reduced  in  some 
instances  by  the  presence  of  oxidizing 
agents.  Nevertheless,  Everdur  does 
offer  excellent  resistance  to  the  corrosive 
action  of  many  solutions  and  atmo- 
spheres. 

Everdur  Tanks— Everdur  copper-sili- 
con alloy  is  an  ideal  material  for  durable, 
rustless  water  tanks  of  every  descrip- 
tion— from  domestic  range  boilers  to 
large  storage  heaters  for  hotels,  laun- 
dries, hospitals,  textile  plants,  schools  or 
breweries. 

Everdur  is  made  in  all  commercial 
shapes  including  annealed  tank  plates 
which  have  physical  properties  as 
given  ^in  A.S.T.M.  Specification  B96. 

Minimum  specification  requirements 
for  hot  rolled-and-annealed  tank  plates 
are:  Tensile  Strength,  50,000  psi.;  Yield 
Strength  (at  0.5  per  cent  elongation 
under  load)  18,000  psi.;  Elongation,  40 
per  cent  in  2  inches. 

Welds  made  with  annealed  Everdur 
tank  plates  meet  the  requirements  for 
U68  and  U69  construction  in  the 
A.S.M.E.  Code  for  Unfired  Pressure 
Vessels. 

For  additional  data  and  names  of  fabri- 
cators address  our  nearest  office  or  agency. 

EVERDUR  FOR  AIR  CONDITIONING 
EQUIPMENT 

Because  of  its  strength  and  welding 
properties,  Everdur  may  be  substituted 
for  steel  and  fabricated  by  substantially 
the  same  methods  and  with  much  the 
same  equipment  as  steel. 

Everdur  metal  has  been  used  with 
marked  success  for  fans  and  blowers, 
ducts,  humidifiers,  cast  and  wrought 
parts  of  other  equipment  items  subject  to 
corrosive  influences. 


EVERDUR  LITERATURE 

Descriptive  literature  containing  much 
pertinent  tabular  data  will  be  sent  on 
request. 
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Air  Conditioning  and  Heating  Piping  •  Flexible  Tubing 


Chicago  Corporation 

Maywood,  Illinois 

PLANTS 
MAYWOOD,  ELGIN,  and  ROCK  FALLS,  ILLINOIS 

District  Offices 

Atlanta  Boston  Chicago  Cleveland  Detroit  Ft.  Worth 

Los  Angeles  New  York  Philadelphia  Pittsburgh  Sun  Francisco 

Distributing  Outlets  in  Principal  Cities 
In  Canada:  Canadian  Metal  Hose  Company,  Ltd.,  Brampton,  Ontario 


REX  Super  Service 

Vibra-Sorbers 
Noise  and  Vibration  Control 

Rex  Vibra-Sorbers  control  vibration  and 
reduce  noise  in  refrigeration  and  air  con- 
ditioning machinery.  All-metal  con- 
struction is  liquid-  and  gas-tight,  with- 
stands high  pressures,  does  not  age,  and 
has  high  corrosion  resistance. 
Available  in  copper  bearing  alloy  for  use 
with  Freon  or  Methyl  Chloride;  or  steel 
for  Ammonia  systems. 


REX-TUBE 

Flexible  Metal  Hose 
FOR 

Diesel  engine  exhaust  lines 

Refrigeration  tubing  armor 

Air  blower  ducting 

Ventilating  ducts 

Control  wire  casing 

Wiring  conduit 

Suction  hose 
General  utility  hose 

Rex-Tube  Convoluted  Flexible  Metal 
Hose  Types  have  three  basic  formation 
patterns:  square-locked,  ball-bearing  (or 
double-groove),  and  fully  interlocked. 
Made  of  stainless  steel,  brass,  steel, 
aluminum,  bronze  and  other  alloys. 
Packless  and  packed  types.  Sizes  range 
from  j%-  in.  to  12  in.  inside  diameters,  and 
lengths  to  suit  requirements. 


SIZES:  fli  in.  to  4  in.  inside  diameters. 
BURST  PRESSURES:  1,000  psi  to  3,700 
psi. 

LENGTHS:  Standard     stock     lengths. 
Special  lengths  available  on  order. 
COUPLINGS:  Stock  units  with  male  or 
female  sweat  fittings;  also  available  with 
male  pipe  thread  fittings. 


REX-WELD 

Flexible  Metal  Hose 
FOR 

Steam  Hose 

lleciprocating  flexible  connections 
Refrigerant  loading,  unloading 

and  charging 

Oil  burner  connections 

Pressure  lubricating  lines 

Conducting  searching  gases  and  liquids 

Diesel  engine  exhaust  lines 

Misalignment  correction 

Rex-Weld  hose  types  are  manufactured 
from  uniform  wall  tubing  by  a  spe- 
cial CM1I  corrugation-forming  process. 
Metals  used  are  steel,  bronze,  and  other 
alloys.  Rex-Weld  sizes  range  from  &  in. 
to  12  in.  inside  diameter;  with  lengths 
and  couplings  to  fit  specific  requirements. 
Especially  designed  for  use  under  high 
temperatures  and  pressures,  and  where 
corrosive  action  is  present. 


FLEXIBLE  METAL  HOSE  FOR  EVERY  USE 
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r     ^      Copper    Alloys 


Revere  Copper  Incorporated 

Executive  office:  230  Park  Avenue,  New  York  17,  N.  Y. 

MILLS— BALTIMORE,  MD.;  CHICAGO,  ILL.;  DETROIT,  MICH.;  Los  ANGELES 

ANT>  RIVERSIDE,  CALIF.;  NEW  BEDFORD,  MASS.;  ROME,  N.  Y. 

DISTRICT  SALES  OFFICES— ATLANTA,  GA.;  BOSTON,  MASS.; BUFFALO,  N.  Y  ;  CINCINNATI 
OHIO; CLEVELAND,  OHIO;  DALLAS,  TEX.;  DAYTON,  OHIO;  GRAND  RAPIDS,  MICH.;  HARTFOBD, 
CONN.;  HOUSTON,  TEX.;  INDIANAPOLIS,  IND.;  MILWAUKEE,  Wis.;  MINNEAPOLIS,  MINN.; 
NEW  YORK,  N.  Y.;  PHILADELPHIA,  PA.;  PITTSBURGH,  PA.;  PROVIDENCE,  R.I.;  ST.  Louis, 
Mo.;  SAN  FRANCISCO,  CALIF.;  SEATTLE,  WASH. 

REVERE  PIPE  AND  TUBE  OF  COPPER  AND  COPPER  ALLOYS 
For  Heating,  Air  Conditioning,  Plumbing,  Fuel  Lines,  Compressed  Air  Lines,  etc. 


Revere  Copper  Water  Tube,  Types  K, 
L,  and  M,  meets  Federal  and  ASTM 
specifications. 

Types  K  and  L  furnished  in  hard  and 
soft  tempers. 

Type  M,  IJkt  in.  and  above,  furnished 
in  hard  temper  only. 

Type  K  soft  temper  tube  is  recom- 
mended for  underground  water  service  or 
fuel  lines. 

Hot  water  lines  of  Copper  Water  Tube 
lose  very  little  heat  to  ambient  air, 
hence  save  fuel. 

Revere  Red-Brass  Pipe  (Gov't  Grade  A) 
or  Copper  Pipe  (both  SPS)  are  recom- 
mended for  piping  systems  where 
threaded  connections  are  required. 
Revere  Dryseal  Copper  Tube  is  dehy- 
drated and  sealed.  It  is  commonly  used 
for  Refrigeration  and  Air  Conditioning 
Systems,  fuel  lines,  compressed  airlines, 
and  general  service  work. 

Furnished  in  dead  soft  temper,  it  is 
easily  bent  and  flared. 

For  Radiant  Heating 

Revere  Copper  Water  Tube,  furnished 
in  60  ft  coils  is  easily  bent  to  form  sinuous 
coils  for  heating  panels. 

Long,  one-piece  lengths  of  copper  tube 
reduce  the  number  of  couplings  or  joints 
required. 

Small  diameters  of  copper  tube  re- 
quire less  thickness  of  embeddment  in 
plaster. 

For  Condensers  and  Heat 
Exchangers 

Revere  Cupro-nickel  condenser  tube 
has  definitely  been  found  superior  for 
condensers,  after  coolers,  and  similar 
heat  exchangers. 

Similar  tubes  of  Revere  Admiralty 
Metal  are  widely  used. 

Revere  Seamless  Copper  Tube  is  com- 
monly used  for  finned  tube  coils. 
For   Industrial  Piping   and   the 
Process  Industry 

Revere  produces  a  wide  range  of  pipe 
and  tube  made  of  copper  and  copper  al- 
loys for  industrial  use  where  high  resist- 
ance to  corrosion  is  required. ^ 

Solicitations  for  assistance  in  selecting 


piping^  material  best  suited  to  specific 
conditions  are  welcome. 

Silver-brazed  Joints 

Revere  Red-Brass  Pipe  or  Copper 
Pipe  is  recommended  where  silver-brazed 
joints  are  required  with  standard  pipe 
sizes. 

Revere  Copper  Water  Tube  and  stand- 
ard soldered  type  fittings  can  also  be 
silver-brazed  satisfactorily  and  generally 
at  less  cost  than  heavier  pipe. 

Technical  Advisory  Service 

Revere  maintains  a  staff  of  technical 
men  to  assist  engineers,  designers,  and 
contractors  in  the  selection  of  suitable 
Revere  products  for  various  applica- 
tions. Their  services  are  available  with- 
out obligation, 

Technical  Literature 

Literature  relating  to  many  fields  of 
application  for  Revere  pipe  and  tube 
products  is  available  upon  request. 

Two  booklets  on  Radiant  Panel  Heat- 
ing cover  design  procedure,  and  a  third 
is  in  the  form  of  a  non-technical  and  un- 
biased discussion  for  lay  readers. 

Revere  Copper  Water  Tube 
STANDARD   DIMENSIONS   AND  WEIGHTS 


Size 
In 
In. 

3/l 
1# 

m 

TypeK 

TypeL 

TypeM 

a 

M 

.3 
P 

0 

Wall 
Thickness 
In. 

3£ 
ga 

& 

3 

o 

P 

,030 
.035 
.040 
.042 
.045 

a.5 

ga 

.126 
.198 
.285 
.362 
.455 

Wall 
Thickness 
In. 

3£ 
^ 

.375 
.500 

.525 
.750 

.875 

.032 
.049 
.049 
.049 
.065 

.134 
.269 
.344 
.418 

.641 

1.125 
1.375 
1.625 

.065 
.065 
.072 

.839 
1.04 
1.36 

,050 
.055 
.060 

.655 

.884 
1.14 

.042 
.049 

.682 
.940 

1.46 
2.03 

2.68 
3.58 

2 

m 

3 

m 

4 
5 
6 

2.125 
2.625 

.083 
.095 

2.06 
2.93 

.070 
.080 

1.75 
2.48 

.058 
.065 

3.125 
3.625 

.109 
.120 

4.00 
5.12 

.090 
.100 

3.33 
4.29 

.072 
.083 

4.125 
5.125 
6.125 

.134 
.160 
.192 

6.51 
9.67 
13.9 

.110 
.125 
.140 

5.38 
7.61 
10.2 

.095 
.109 
.122 

4.66 
6.66 
8.92 
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Air  System  Equipment 


,  Air  Filters 
and  Cleaners 


Air  Devices,  Inc. 

Air  Diffttsers     •     Exhausters     «     Air  Filters 
Filter  Holding  Frames  €>  Hot  Water  Generators 


17  East  42nd  St. 
New  York  17,  N.  Y. 


IK. 


PR  O  DU  CTS 


Agents  in  All 
Principal  Cities 


AGITAIR  AIR  FILTERS 


HIGH  VELOCITY 

PERMANENT  @ 


ALL    METAL 
CLEANABLE 


Type  FM  Filter 


Designed  along  entirely  new  air  filtering  principles, 
the  high  velocity  Agitair  Type  FM  permanent,  clean- 
able  air  filter  assures  an  amazingly  high  dust  arresting 
efficiency  and  dust-holding  capacity  coupled  with  sus- 
tained low  resistance  to  air  flow.  This  permits  the 
Type  FM  to  remain  in  service  from  two  to  three  times 
as  long  as  ordinary  2  in.  permanent,  cleanable  filters. 

Although  these  new  filters  do  not  have  to  be  cleaned 
as  often,  particular  attention  has  been  paid  to  their 
design  to  make  cleaning  easier  and  more  thorough. 
They  can  be  restored  to  top  efficiency  easily  and 
quickly.  Ruggedly  constructed  to  withstand  the  me- 
chanical abuse  of  cleaning.  Panels  and  frames  are 
accurately  designed  to  prevent  leakage  around  the 
filters. 


HOW  IT  WORKS 

t  High  turbulence  of  many  finely  divided 
air  streams  is  the  keynote  of  Type  FM 
air  filter's  new  design.  The  media  di- 
vides the  air  into  countless  fine  streams 
and  throws  those  streams  into  violent 
cyclonic  turbulence.  Each  little  "cy- 
clone" centrifuges  its  dirt  particles 
against  countless  viscous-coated  "wiping 
surfaces'7  which  virtually  scrub  the  air 
clean  by  catching  and  holding  the  dirt. 
There  is  no  straining  action,  hence  no 
clogging. 

HIGH  VELOCITY 

The  Agitair  FM  Filter  is  designed  to 
perform  at  highest  efficiency  at  an  ap- 
proach velocity  of  432  fpm— or  1200  cfm 
through  a  20  x  20  in.  filter  panel.  The 
efficiency  of  the  FM  is  higher  than  con- 
ventional filters  when  operating  at  the 
lower  design  velocity  of  288  fpm. 

1/3  LESS  SPACE  REQUIRED 

The  ability  of  the  FM  to  filter,  with 
greater  efficiency,  50  per  cent  more  air  at 
the  high  velocity  of  432  fpm  reduces  the 
number  of  filter  panels  required.  Now 
TWO  FM's  will  do  the  work  of  THREE 
ordinary  filters  .  .  .  3<3  less  space  required 
.  .  .  fewer  units  to  be  installed  .  .  .  fewer 
units  to  be  serviced  .  .  .  overall  installa- 
tion and  maintenance  costs  reduced  to  a 
minimum . 

HIGHER  EFFICIENCY 

At  the  recommended  velocities  of  other 
leading  all  metal  viscous  type  filters,  the 
Agitair  FM  has  a  higher  dust  arresting 
efficiency,  which  increases  as  velocities 
are  stepped  up. 


LOWER  RESISTANCE 

The  sustained  low  resistance  of  the 
Agitair  FM  means  sustained  peak  volume 
of  air  for  longer  periods  of  time,  ...  no 
loss  in  air  volume  .  .  .  no  danger  of  un- 
loading .  .  .  clean  filtered  air  at  all  times. 
HIGHER  DUST  HOLDING  CAPACITY 

Employing  a  new  formula  for  air  filtra- 
tion the  new  Agitair  FM  holds  more  dirt, 
from  two  to  six  times  as  much  as  ordinary 
2  in.  permanent,  cleanable  filters.  No 
early  clogging  of  air  passages  .  .  .  less 
frequent  servicing  .  .  .  lower  mainte- 
nance cost. 

LONGER  SERVICEABLE  LIFE 

The  Agitair  FM  Filter  with  its  greater 
dust  holding  capacity,  stays  in  service  for 
longer  periods  of  time;  gives  efficient  per- 
formance for  months  instead  of  weeks  or 
weeks  instead  of  days. 

Less  frequent  servicing— and  rugged 
construction  combine  to  give  the  Agitair 
FM  Filter  a  much  longer  serviceable  life. 
TWO  TYPES  OF  HOLDING  FRAMES 

Individual  type:  Designed  and  con- 
structed for  easy  handling  in  single  unit 
installations,  and  to  facilitate  "on  the 
job"  assembly,  into  a  multiple  unit  bank. 

Pre-Fabricated  Type:  Delivered  com- 
pletely knocked  down  for  easy  assembly, 
this  Agitair  holding  frame  has  been  espe- 
cially designed  for  installations  requiring 
an  unusually  large  number  of  filter  panels 
and  where  cramped  and  unusual  condi- 
tions place  a  limitation  on  available  space . 
GREASE  FILTERS 

An  efficient,  all-metal  grease  catching, 
grease  holding  media.  Available  in  all 
sizes. 
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Air  Filter  Corporation 

108G  North  Water  St.  Milwaukee  2,  Wis. 

Canadian  Representative 
DOUGLAS  ENGINEERING  CO.,  LTD.  MONTREAL 


AIR  FILTERS 


(formerly  Aircor) 
Permanent-Cleanable 


GREASE  FILTERS 


98.5% 


ENGINEERING  DATA 

Initial  Resistance  Rated  Efficiency 

Type  Fi  (1  in.  thick)  .060  in.  w.g.  at  288  fpm    98.5% 
Type  Fa  (2  in.  thick)  .065  in.  w.g.  at  288  fpm 
Type  D2  (2  in.  thick)  .09   in.  w.g.  at  288  fpm 
Type  D4  (4  in.  thick)  .10   in.  w.g.  at  288  fpm 


AIRSAN  HOLDING  FRAMES 

Made  of  heavy  gage  metal  complete 
with  fireproof  felt  seal  and  locking 
device.  Available  in  straight  and  V- 
banks.  Pre-fabricated  with  Airsan  slip- 
groove  construction — eliminates  felt  be- 
tween filter  frames  and  cuts  installation 
costs.  Built  to  your  specifications. 


AIRSAN  AIR  FILTERS 
Industrial        Domestic         Commercial 

Airsan's  expanded  metal  face  plate  acts 
as  a  lint  arrestor  to  provide  easier  clean- 
ing and  servicing.  It  distributes  air 
evenly  over  entire  filtering  area  provid- 
ing high  filtering  efficiency  and  dust- 
holding  capacity  with  low  resistance. 
Media  is  viscous  type,  permanent,  clean- 
able,  and  is  constructed  of  multiple 
layers  of  galvanized  wire  mesh  to  give 
maximum  air  resistance.  All  Airsan 
Filters  have  full  bronze  welded  corners, 
galvanized  steel  frames  and  drain  slots 
for  quicker,  easier  cleaning. 

Airsan  Air  Filters  are  available  in  stand- 
ard 1  in.  and  2  in.  thickness — Bulletin 
1245A.  t  Also  HEAVY  DUTY  filters  for 
industrial  and  special  applications  in 
2  in.  to  4  in.  thickness — Bulletin  146. 

AIRSAN  GREASE  FILTER 

Permanent 
cleanable 
type  Airsan 
Crease  Fil- 
t  er s  spe- 
cially de- 
signed for 
range  cano- 
pies, gal- 
leys, kitch- 
ens. 

Remo  v  es 
grease  at 
source,  re- 
duces fire  hazard  in  exhaust  ducts  and 
prolongs  life  of  fans,  motors  and  other 
mechanical  equipment.  Assemblies  for 
mounting  on  ceiling  or  wall,  single  or  mul- 
tiple units — includes  holding  frames,  sup- 
portinganglesandendseals.  Bulletin 346. 

Initial  Resistance:  .07  in.  w,g.  at  216  fpm 
Efficiency  Rating:  98.5%  Stand. 
Thickness:  ,    2  in. 


Bulletin  601. 

Write  AIR  FILTER  Corp.  for  Complete  Bulletins 
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Corporation 

5200  Harvard  Ave.,  Cleveland,  Ohio 
THE  FILTER  ENGINEERS 

Representatives  in  all  principal  cities 


Types  available— Air-Maze,  the  filter 
engineers,  have  designed  a  wide  variety 
of  filters  for  ventilating  applications. 
Newest  of  these  is  the  Elect  romaze— an 
unique  electric  air  filter  with  many  ex- 
clusive advantages  described  in  the  next 
column.  A  complete  line  of  all-metal 
Air-Maze  panel  filters  are  also  available 
for  your  ventilating  needs.  A  few  of 
these  are  shown  on  the  next  page. 

Efficiency — Efficiency  of  dirt  arrestance 
of  various  filter  panels  varies  with  filter 
design,  type  of  dust,  amount  of  dust, 
method  of  charging  filter  with  adhesive, 
etc.  Specific  information  on  any  type  of 
filter  furnished  on  request. 

Resistances — Filters  available  with 
initial  resistances  as  low  as  .045  in. 
water  at  face  velocity  of  300  fpm.  Re- 
sistance versus  velocity  curves  available 
on  request. 

Face  Velocities— Air-Maze  offers  filters 
designed  to  operate  at  peak  efficiency  at 
velocities  ranging  from  100  fpm  to  700 
fpm.  Recommended  velocities  for  each 
type  of  filter  furnished  on  request. 

Sizes— Filter  panels  furnished  in  ac- 
cepted standard  sizes  and  in  special  rec- 
tangular sizes  if  required.  Thickness 
varies  with  filter  type.  Most  types  fur- 
nished in  both  2  in.  and  4  in.  thicknesses 
but  available  in  certain  special  thick- 
nesses if  required. 

Holding  Frames — Holding  Frames,  com- 
plete with  neoprene  seals  and  choice  of 
locking  devices,  available  for  use  either 
singly  or  drilled  for  assembly  into  panel 
bank. 

Cleaning  and  recharging  filters  easily 
cleaned  by  washing  in  hot  water  contain- 
ing commercial  detergent  or  with  steam. 
Recharged  by  immersing  in  special  ad- 
hesive or  SAE  30-50  oil.  Complete  in- 
structions available  on  request. 

Write  factory  for  name  of  nearest  repre- 
sentative on  information  on  any  type  of 
filter.  Representatives  are  in  most  princi- 
pal cities.  See  classified  section  of  your 
telephone  directory. 


NEW  ELECTROMAZE  ELECTRIC 
AIR  CLEANER 


For  truly  super-clean  air,  the  Electro- 
maze  electrostatic  dirt  precipitator  is 
the  choice.  It  removes  particles  as  small 
as  0.0000030  in.  diameter  (tenth  of 
a  micron),  has  a  rated  efficiency  exceed- 
ing 90  per  cent,  as  tested  by  the  National 
Bureau  of  Standards  Discoloration 
Method.  Collects  smoke,  fumes,  pollens, 
and  soot. 


Eleotromaze  consists  of  individual  pre- 
cipitator colls  4  in.,  &  in.,  or  12  in.  in 
width  by  12  in.  high.  Each  cell  is  a  com- 
plete filter  with  built-in  ionizing  Kcction. 
These  cells  slide  into  u  framework,  auto- 
matically making  electrical  connection 
by  means  of  a  plug  in  the  rear. 
This  unique  "desk  drawer"  construction 
provides  greater  flexibility  of  size, _  re- 
duced erection  cost,  easier  cleaning. 
Electromazc  cells  can  be  formed  into 
banks  for  any  cfm  requirement  to  fit  any 
space  in  increments  of  4  in.  wide  and  12 
in.  high.  The  cells  are  easily  cleaned  in 
a  separate  tank  when  no  duct  drain  or 
water  connections  are  available.  When 
duct  drains  are  installed,  cells  may  be 
flushed  clean  in  place  with  ordinary  city 
water  pressu're. 
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All  the  necessary  power  pack  equipment, 
indicator  lights,  door  interlock  equip- 
ment, etc.,  is  furnished  with  each  in- 
stallation. 

Air-Maze  Corporation  manufacture  a 
complete  line  of  viscous  impingement 
type  ventilating  air  filters  to  meet  your 


requirements  within  a  wide  range  of 
limits  of  pressure  drop,  velocity,  effi- 
ciency, weight,  dirt  holding  capacity 
and  price.  A  few  types  are  illustrated  on 
this  page.  THESE  FILTERS  ARE  ALL- 
METAL,  WASHABLE,  FIRE  RE- 
TARD ANT. 


TYPE 


Heavy  duty  industrial  fil- 
ter for  ventilating  service 
where  dust  load  is  excep- 
tionally high.  Incorpo- 
rates both  high  efficiency 
and  high  dirt  holding  ca- 
pacity features.  Avail- 
able in  2  in.  and  4  in. 
thicknesses. 


KLEENFLO 

Filter  for  average  duty 
residential  and  commer- 
cial ventilating  applica- 
tions. Low  initial  cost. 
Available  in  1  in.,  2  in., 
and  4  in.  thicknesses. 


TYPE  P-5 

High  velocity  panel  for 
handling  a  large  volume 
of  air  at  low  resistance. 
Particularly  recom- 
mended where  space  is 
limited.  Also  available 
in  heavier  construction 
for  railroad  application 
(Model  P-5-R).  Available 
in  2  in.  thicknesses  only. 


GREASTOP 

Progressive  density  of 
media  provides  large  ac- 
cumulation without  un- 
due restriction  of  air 
flow. 


TYPE  EKBB 

Designed  for  elimination 
of  entrained  water  in  air 
stream.  Used  after  hu- 
midifiers, air  washers, 
cooling  coils.  Effective 
at  face  velocities  up  to 
600  fpm.  1  in.  and  2  in. 
thicknesses. 
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TYPE  "B" 

Average  duty  industrial 
filter  for  fresh  air  in- 
takes. Has  large  dirt 
holding  capacity  and 
high  efficiency.  Available 
in  2  in.  and  4  in.  thick- 
nesses. 
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AMERICAN  AIRRLTERCOMPANY  INC. 

673  Central  Avenue,  Louisville  8?  Ky. 

In  Canada:  Darling  Brothers,  Ltd.,  Montreal,  P.Q. 


Atmospheric  Dust  Control 

AAF  manufactures  a  complete  line  of  air 
filtering  equipment  to  be  used  for  the 
removal  of  dust,  soot,  smoke,  dirt,  bac- 
teria and  other  foreign  matter  from  the 
air. 

Products  offered  embody  the  knowledge 
accumulated  from  twenty-seven  years  of 
intensive  research  devoted  exclusively 
to  the  study  of  dust  problems  and  the 
development  of  air  cleaning  apparatus; 
the  experience  gained  from  designing, 
building  and  applying  thousands  of  air 
filters  for  every  type  of  commercial  and 
industrial  use ;  and  may  be  relied  upon  as 
the  most  modern  equipment  in  their  field 
of  service. 


Process  Dust  Control 

The  introduction  of  new  high  speed 
operations;  the  value  of  "good  house- 
keeping" in  maintaining  production 
schedules;  a  better  understanding  of  the 
hygienic  effects  of  dust— all  these  and 
other  factors  have  made  dust  control  a 
necessity  in  modern  industry. 
Roto-Clone  Dynamic  Procipitators  are 
an  AAF  development.  The  Roto-Clone 
combines  the  functions  of  exhausting, 
separating  and  storing  dust  in  a  single 
unit.  Its  advantages — high  efficiency 
dust  separation  over  a  wide  range  of 
particle  sizes;  uniform  air  delivery;  com- 
pact design  and  ease  of  installation. 


THREE  TYPES  OF  ELECTRONIC  PRECIPITATORS 


For  more  than  ten  years,  research  and 
experimentation  with  electronic  air  fil- 
tration have  been  in  progress  by  AAF  en- 
gineers. Today's  complete  line  includes 
the  self  cleaning  Electro-Matic  intro- 
duced in  1939,  the  washable  Electro-Cell 
with  removable  collector  plates,  and  the 
Electro-Airmat  with  the  replaceable  Air- 


mat  paper  medium.  Here  is  high  effi- 
ciency air  cleaning  in  three  types  of  elec- 
tronic filters  to  meet  any  requirements 
for  super  clean  air. 

Electro-Matic  Self -Cleaning  Electronic 
Filter—The  Electro-Matic  filter  is  a  self 
cleaning  electric  precipitator  combining 
advanced  principles  of  electronic  air 
cleaning  with  notable  im- 
provements in  construc- 
tion details  and  method  of 
operation.  The  self-clean- 
ing feature  is  an  exclusive 
advantage  of  the  Electro- 
Matic  filter.  It  eliminates 
the  necessity  of  shutting 
down  the  filter  for  manual 
cleaning,  minimizes  the 
need  for  personal  attention 
and  permits  continuous 
high -efficiency  operation. 
It  also  allows  the  Electro- 
Matic  filter  to  be  built 
in  standardized  self- 
contained  sections,  easy  to 
install  and  with  all  ex- 
posed parts  of  the  filter 
casing  electrically  ground- 
ed for  the  protection  of  op- 
erating personnel.  Send 
for  Bulletin  No.  250. 
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Electro  -  Cell  Electronic 
Filter — Incorporates  all  of 
the  new  developments  of 
major  importance  in  elec- 
tronic air  filtration  using 
collector  plates.  Installa- 
tion has  been  simplified, 
performance  improved  and 
maintenance  advantages 
provided.  Built  in  vertical 
sections  of  two  widths— 2  ft 
and  3  ft  over-all.  Collector 
plate  assemblies  are  remov- 
able; ionizers  are  hinged  and 
extend  the  full  height  of  the 
sections,  preventing  current 
loss.  A  choice  of  washing 
collector  plate  assemblies 
while  in  place,  or  removing 
assemblies  for  individual 
cleaning.  Installation  is 
simplified  because  filter  is 
built  in  vertical  sections  ra- 
ther than  assembled  of  small 
units.  Parts  to  be  lifted 
and  aligned  are  light  in 
weight  and  electrical  con- 
nections simplified.  Write 
for  Bulletin  No.  252. 

Electro-PL  Electronic 
Filter — The  application  of 
an  electrostatic  charge  to  a 
dielectric  filtering  material 
is  a  special  AAF  research 
development  which  began 
early  in  1934.  Airmat  paper 
is  composed  of  a  number^  of 
plies  of  porous  tissue-like 
cellulose  sheets.  When  elec- 
trically charged  the  plies 
tend  to  separate  and  each 
individual  fibre  becomes  a 
collecting  electrode  which 
attracts  and  holds  the  dust 
and  smoke  particles.  Ease 
and  convenience  of  main- 
tenance is  a  desired  ad- 
vantage of  the  Electro- 
PL.  Requires  neither 
water  nor  sewer  connections 
for  cleaning,  nor  spraying 
with  oil  to  maintain  its 
efficiency.  When  Airmat 


Electro-CELL  Filter 


American  Multi-Duty 
Self-Cleaning  Filter 


paper  has  accumulated  its 
dust  load  it  is  removed  and 
replaced  with  clean  material 
by  means  of  a  mechanical 
loader.  In  case  of  power 
failure,  filter  media  provides 
effective  mechanical  air  fil- 
tration. Send  for  Bulletin 
No.  257. 

American  Multi-Duty 
Automatic  Filter  provides 
outstanding  features  of  per- 
formance  and  design  and 
will  accomodate  either 
armored  screen  panels  or  die 
stamped  louver  panels  avail- 
able in  three  types.  Offers 
advantage  of  uniformly  con- 
stant air  supply,  fixed  opera- 
ting resistance  and  auto- 
matic operation.  Ideal  for 
ventilation  and  air  condi- 
tioning service.  Available 
in  any  size  or  capacity. 
Send  for  Bulletin  No.  241 -A. 

AAF  UNIT  FILTERS 
Throway    Air    Filter— 

Throway  filters  are  inexpen- 
sive and  designed  to  be  dis- 
carded after  accumulating 
dust  load.  Send  for  Bulle- 
tin No.  117-E. 

Airmat  Type  PL-24— 
Airmat  filters  use  standard 
Airmat  medium,  renewable 
after  collecting  dust  load. 
Used  both  for  comfort  and 
industrial  air  conditioning. 
Available  with  unit  frames 
to  be  set  up  to  meet  any 
capacity  requirement  or 
space  condition.  Send  for 
Bulletin  No.  230-C. 

M/W  Filters—The  M/W 
comes  in  2  in.  and  4  in.  thick- 
nesses .  Ideally  suited  to  air 
cleaning  problems  encount- 
ered in  general  ventilation 
and  commercial  air  condi- 
tioning. Permanent  type, 
washable.  Send  for  Bulle- 
tin No.  202. 


Throway  Filter 


Airmat  Type  PL-U  Filter 
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Roto-Clone  Type  D 


Roto-CloHG  Type  F 


Roto-Clone  Type  N 


ROTO-CLONE  TYPE  D 

A  revolutionary  advance- 
ment in  process  dust  control 
that  combines  fan  and  dust 
collector  in  a  single  unit, 
performing  both  functions 
with  higher  efficiency  than 
standard  exhauster  and  cy- 
clone separator  which  it 
replaces.  Simplifies  clust 
control,  eliminates  expen- 
sive piping,  reduces  cost  of 
installation  and  upkeep. 
Made  in  a  wide  variety  of 
types  and  sizes.  Also  avail- 
able as^  self-contained  units 
for  individual  machines  in- 
corporating viscous-filter 
after  cleaners  allowing  re- 
ci re ulation  of  air  to  work 
rooms.  Bulletin  272- A. 


Roto-Clone  Type  W 


ROTO-CLONE  TYPE  F 

Similar  in  principle  to  the 
Type  I)  but  of  steel  plate 
construction.  Capacities 
range  15,000  to  50,000  cfm. 
Widely  applied  to  cleaning 
of  stack  gases  from  boilers 
and  kilns,  exhaust  from 
large  rotary  dryers  and 
coolers,  and  for  dedusling, 
air  cleaning  ami  other  sys- 
tems requiring  dust  re- 
moval from  large  air  vol- 
umes. Bulletin  No.  273. 


ROTO-CLONE  TYPE  N 

Cleans  the  air  by  means  of  a  water  cur- 
tain induced  by  the  flow  of  the  air 
through  the  collector.  Requires  no 
moving  parts,  pumps  or  other  auxiliary 
equipment.  High  efficiency  in  dust  sepa- 
ration is  obtained  by  a  stationary  im- 
peller with  intricate  sinuous  passage  in 
which  centrifugal  force  and  thorough 
scrubbing  of  the  air  assure  effective  and 
continuous  dust  precipitation.  Origi- 
nally developed  for  collection  of  dan- 
gerous magnesium  dust.  Available  in 
both  unit  and  bench  types.  Bulletin 
277- A. 


ROTO-CLONE  TYPE  W 

Embodies  the  same  basic  principle  of 
dynamic  precipitation  as  the  Types  D 
and  F.  Its  distinguishing  feature  is  the 
addition  of  water  sprays  which  extend 
its  effectiveness  to  the  collection  of  the 
finest  dust  particles  by  wetting.  Par- 
ticularly suited  to  the  chemical,  ceramic 
and  foundry  industries  where  finely 
divided  dusts  are  present.  Wet  collection 
principle  eliminates  dust  disposal  prob- 
lems. Collected  material  is  discharged  as 
sludge.  Bulletin  274-A, 
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Continental  Air  Filters,  Inc. 

2524  Helm  Street  /^S^\  LouisviUe,  Kentucky 


REVOLUTIONARY  NEW  FILTER  MEDIA 
USED  IN  CONTINENTAL  AIR  FILTERS 


VISCOUS  IMPINGEMENT  UNIT  FILTER 
AND  AIR  WASHER  TYPES 

Continental's  new  Ezwash  filter  media  provides 
one  of  the  great  advances  in  air  filtration  during  re- 
cent years.  Composed  of  double  corrugated  metal 
strips  placed  back  to  back  in  non-nesting  rela- 
tionship, this  new  media  has  high  dust-collecting 
efficiency,  low  resistance  to  air  flow  even  when 
extremely  dirty,  is  virtually  non-clogging,  and 
is  easily  cleaned  and  serviced. 


Ezwash  media  is  used  in  Continental  Unit  Air 
Filters,  in  Continental  Air  Washers,  and  in  the 
Continental  Automatic  Self-Cleaning  Air  Filter. 
Continental  Filters  are  being  used  by  many  of  the 
nation's  largest  industries  (names  on  request). 
Full  explanation  is  contained  in  Bulletin  No.  401. 


THE  CONTINENTAL  AUTOMATIC  SELF-CLEANING 
AIR  FILTER 

utilizes  the  revolutionary  Ezwash  filter  media,  plus  a 
unique  Ferris-Wheel  action  in  the  filtering  curtain,  plus 
positive  self-cleaning—all  resulting  in  extremely  high  effi- 
ciency, low  resistance  and  completely  trouble-free  operation. 
The  Ferris-Wheel  action  causes  the  cells  to  move  from  the 
front  to  the  back  curtain  of  the  filter  without  changing 
their  relative  positions.  The  dirty  side  of  the  cell  always 
faces  the  air  stream.  Thus  dirt  cannot  be  blown  off  [the  dirty 
side  of  the  cell,  back  into  the  clean-air  stream. 


Positive  self-cleaning  is  accomplished  by  a 
simple  mechanism  which  is  completely  auto- 
matic and  fool-proof. 

Head  the  full  details  in  Bulletin  No.  201 -B. 
No  obligation. 
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W.  B.  CONNOR  ENGINEERING  CORP. 


114  East  32nd  Street, 
New  York  16,  N.  Y. 

In  Canada:  Douglas  Engineering  Co.,  Ltd.,  Montreal,  P.  Q. 


Representatives  in 
All  Principal  Cities 


Air  Recovery 


Air  Purification 


WHERE  TO  APPLY  AIR  RECOVERY 

Air  Recovery  is  simply  the  conversion  of  foul  or  stale  air  to  fresh  air.  It  has  been 
used  to  advantage  wherever  air  is  conditioned  to  enhance  comfort,  raise  production 
efficiency,  extend  food  preservation  or  protect  product  quality.  Depending  on  the 
source  of  contamination,  Dorex  Air  Recovery  Equipment  has  been  installed  to  remove 

odors  and  other  gaseous  impurities  from  intake 
air,  from  recirculated  air  or  from  exhaust  air. 

When  applied  to  recirculated  air,  Dorex  Adsorbers 
reduce  the  amount  of  unconditioned  outdoor  air 
needed  for  ventilation  and  effect  savings  in  in- 
stallation and  operating  costs.  For  example: 
Given  an  air  conditioning  requirement  of  an  area 
of  20?000  cfm,  of  which  it  is  assumed  14,000  cfm 
would  be  recirculated  and  6,000  would  be  outdoor 
ventilation  before  installation  of  Air  Recovery 
Equipment,  it  may  be  possible  to  cut  the  amount 
of  unconditioned  outdoor  air  intake  to  2,000  cfm 
by  converting  4,000  cfm  of  used,  already  condi- 
tioned recirculated  air  to  fresh  air.  Figured  for 
average  temperate  zones,  this  33J/3  per  cent  load 
reduction  would  lower  the  installation  and  operat- 
ing cost  substantially  because  each  1,000  cfm  of 
heated  or  cooled  air  that  is  converted  saves:  (1) 
100,000  Btu  of  installed  heating  capacity,  (2)  2.6 
tons  of  installed  refrigeration,  (3)  1,800  kw  hours 
of  current  per  cooling  season,  (4)  1,500  gallons  of 
fuel  oil  or  9  tons  of  coal,  and  (5)  incidental  water 
consumption  and  maintenance. 

In  existing  systems,  the  application  of  Dorex  Air 
Recovery  Equipment  will  enable  the  system  to 
serve  a  larger  space  or  satisfy  a  greater  condition- 
ing load  without  increasing  cooling  or  heating 
equipment  and  without  consuming  more  fuel  or 
power. 

Activated  Carbon  Traps  Gases  and  Odors 

Activated  carbon  removes  gases  and  odors  by  ad- 
sorption— a  natural  phenomenon  which  takes  place 
when  air-borne  gases  or  vapors  come  in  contact 
with  it.  An  instantaneous  condensation  occurs 
and  the  condensed  impurities  are  held  tenaciously 
until  the  carbon  is  forced  to  give  them  up  in  reac- 
tivation. For  air  conditioning  purposes,  however, 
the  carbon  must  be  especially  processed,  activated, 
and  impregnated  to  meet  the  following  specifica- 
tions: (1)  High  activity  (adsorptive  capacity)  for 
a  wide  range  of  gases  and  vapors;  (2)  High  re- 
tentiyity  over  an  entire  range  of  normal  operating 
conditions;  (3)  No  retentivity  for  water  vapor;  (4) 
Extreme  hardness  to  avoid  dusting  in  handling  and 
in  service;  (5)  High  apparent  density  (in  the  granu- 


Fig.  1     Dorex  Canister 


ig-  2    Typical  Canister  Arrangement- 
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lar  form)  of  not  less  than  0.45; 
(6)  Adaptability  to  repeated  re- 
activation without  appreciable 
loss  in  activity  or  retentivity. 
In  actual  use,  Dorex  activated 
carbon  has  removed  and  re- 
tained 95  per  cent  of  all  gaseous 
impurities  from  the  air  passed 
through  it  and  maintained  that 
efficiency  from  six  months  to 
two  years,  depending  on  the 
air  contamination. 

Equipment  to  Suit 
Individual  Requirements 

Dorex  Air  Recovery  Equipment 
is  available  in  a  range  of  types 
and  sizes  to  suit  individual  re- 
quirements. Each  type  is  de- 
signed to  hold  the  correct 
amount  of  activated  carbon  in 
a  manner  to  provide  a  maximum 
area  for  decontamination,  a 
minimum  of  air  resistance  and 
uniform  air  flow  through  the 
carbon.  The  average  resis- 
tance to  air  flow  ranges  only 
from  015  to  0.2  in.  wg. 

TYPE  H— Adaptable  to  Most 
Central  Systems  for  Recovering 
the  Freshness  of  Intake  Air 
and  Recirculated  Air  and  for 
Eliminating  Exhaust  Nuisances 

Type  H  Equipment — for  com- 
plete decontamination  of  all 
air  passed  through  it — con- 
sists of  removable,  perforated, 
carbon-Jailed  canisters  which 
are  mounted  in  multiple  on 
one  or  more  supporting  mani- 
fold plates.  Fig.  1  shows  a 
canister  and  its  function;  Fig.  2 
shows  a  typical  arrangement  of 
canisters  as  installed.  The 
flexibility  of  this  arrangement 
makes  Type  H  Equipment  read- 
ily adaptable  to  a  wide  variety 
of  space  limitations.  ^  Dorex6panel 

TYPE  C — Equipment  for  Recovering  the  Freshness  of  Recirculated  Air. 
Dorex  Type  C  Air  Recovery  Cells  were  developed  to  meet  a  need  for  a  large  capacity, 
easily  handled  and  installed  air  purification  unit.  Each  cell  measures  only  24  in.  x 
24  in.  x  8f  in.  deep  and  completely  purifies  1,000  cfm.  They  require  no  more  engineer- 
ing than  that  required  for  ordinary  dust  filters  and  can  be  mounted  right  along  with 
them  in  either  flat  or  "V"  arrangement.  (Fig.  3) 

TYPE  G — for  "Package"  Conditioners,  Unit  Heaters,  Refrigerated  Spaces,  Airplane, 
Bus,  Railway  Car,  and  Marine  Installations  and  Other  Systems  Where  Space  Is 
at  a  Premium. 

These  compact  panels  consist  of  sturdy  metal  frames,  each  housing  a  battery  of 
exposed  perforated  metal  tubes  which  contain  the  activated  carbon.  Standard 
units  of  one,  two  or  three  tube  rows  in  depth  are  available  in  a  range  of  stock  sizes 
for  arrangement  in  air  ducts.  (Fig.  4) 
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Fig.  6    Dorex  Type  D  Storage  Unit 

TYPE  D — For  Extending  Storage  Life  and  Preserving  Produce  Quality  in  Refrigerated 
Storage 

Type  D  units  are  designed  to  remove  ripening  gases,  disease-causing  gases  and 
flavor-impairing  odors  from  the  air  in  cold  storages,  thus  extending  storage  life  and 
generally  preserving  produce  quality.  In  apple  storages,  for  instance,  they  have 
added  3  to  8  weeks  to  the  keeping  time  of  the  fruit.  In  order  to  control  storage 
atmosphere  adequately  and  economically.  Type  D  equipment  was  engineered  to  the 
following  specifications:  (1)  Constant  purification  and  recirculation  of  all  storeroom 
air,  (2)  Thorough  mixing  of  purified  air  with  storage  room  air,  (3)  Continuous  opera- 
tion independent  of  other  equipment  in  the  storage  space,  (4)  Flexibility  in  location, 
and  (5)  Self-contained  unitary  design  to  eliminate  costly  duct  work  or  alteration. 

Dorex  units  are  portable  and  can  be  floor  mounted 
or  hung  from  walls  or  ceilings.  The  directional 
air  jet  creates  an  individual  pattern  for  air  mixing 
and  distribution  and  avoids  undue  air  impact  on 
stored  produce  or  fixtures.  With  the  straightening 
vanes,  the  amount  of  "throw"  can  be  adjusted  up 
to  a  tight  jet  that  reaches  90  feet  away  from  the 
unit.  The  large  quantity  of  air  thus  handled 
and  the  high  aspiration  it  creates  (five  to  six  times 
the  volume  of  supply  air)  results  in  a  very  efficient 
mixing  of  room  and  supply  air.  Dorex  Storage 
Units  are  built  in  sizes  and  capacities  to  fit  any 
storage  space.  All  parts  are  either  of  non-corro- 
sive metal  or  protected  with  corrosion-resistant 
coating.  (Fig.  5) 

TYPE  PL— For  Purifying  Compressed  Air 

The  Type  PL  Dorex  Vapor  and  Gas  Adsorber  is 
designed  specially  to  extract  oil  vapors,  fermenta- 
tion odors  and  other  gaseous  impurities  from 
compressed  air.  It  is  especially  designed  to  ef- 
fectively remove  air-entrained  gaseous  odors  and 
impurities  not  eliminated  by  commercial  filters, 
separators,  after-coolers  or  receivers.  (Fig.  6) 

FOOD  SAVER—for  Refrigerated  Coolers,  Storage 

The  Food  Saver  is  designed  to  extract  gases  (odors) 
from  refrigerated  coolers  and  other  food  storage 
spaces.  Compact,  sturdy  construction.  One  unit 
serves  up  to  1000  cu  ft  of  space.  (Fig.  7) 
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Fig.  6    Dorex  Type  PL 


Fig.  7    Food  Saver  Unit 


All  Dorex  equipment  is  covered  ly  U.  S.  Patents  Nos.  2jt4,7S7;  2,303,331;  $,303,38%;  2,303,88$;  S,SO$t3$4  and 
others  pending;  Canadian  Patents  iVos.  388,986;  489,806;  895,611;  404,855;  410,088;  418,787;  443, MS. 
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Nation-wide  Sales  and  Engineering  Service 

The  W.  B.  Connor  Engineering  Corporation  maintains  a  research  laboratory,  a  staff 
of  trained  specialists,  and  district  representatives  in  leading  cities.  Their  services 
are  at  the  disposal  of  consulting  engineers,  architects,  air  conditioning  dealers,  and 
plant  engineers.  Our  staff  can  assist  you  in  determining  whether  or  not  it  would  be 
to  your  advantage  to  install  Dorex  in  a  system  you  may  be  designing  or  improving. 

Among  Thousands  of  DOREX  Users 


American  Tel.  &  Tel.  Co. 
Anheuser-Busch,  Inc. 
Boeing  Aircraft  Co. 
Bristol  Myers  Co. 
E.  I.  du  Pont  de  Nemours 
&  Co.,  Inc. 


General  Motors  Corp. 
Hammerrnill  Paper  Co. 
Lever  Bros. 

Monsanto  Chemical  Co. 
Pennsylvania  R.  R.  Co. 


Bulletin  117-C 


Radio  Corp.  of  America 
E.  R.  Squibb  &  Sons 
Union    Carbide    &    Carbon 

Corp. 

Western  Electric  Mfg.  Corp. 
Western  Union  Telegraph  Co. 


FREE  LITERATURE 

Shows  How  to  Save  Money 
on  Air  Conditioning 


Bulletin  105  A 


Bulletin  106  A 


Air  Conservation  Engineering 


Bulletin  105A  on  Type  H  Equipment  and  Bulletin  106A 
on  Type  G  Equipment  are  handbooks  containing  all  the 
detailed  drawings,  charts  and  text  necessary  for  the 
selection  and  application  of  Air  Recovery  Equipment 
and  some  typical  applications.  They  also  coyer  per- 
tinent information  on  ventilation,  oxygen  requirements 
and  recommended  fresh  air  volumes  for  offices,  stores, 
apartments,  hotels,  restaurants,  night  clubs,  theaters, 
hospitals,  and  schools. 

Bulletin  117-C  contains  complete  information  on  Dorex 
Type  C  Air  Recovery  Cells. 

Air  Recovery  and  Odor  Control  in  Air  Conditioning 
Systems  is  an  unbiased  research  report  prepared  for  the 
American  Hotel  Association  by  the  York  Research 
Corporation  of  Connecticut  on  their  investigation  into 
the  effect  of  Air  Recovery  on  air  quality  and  condition- 
ing costs. 

New  and  Complete  Textbook 
for  Only  $3 

Completely  revised  and  brought  up  to  date,  the  new 
edition  of  Air  Conservation  Engineering  goes  thoroughly 
into  the  economics,  functions  and  mechanics  of  Air  Re- 
covery. It  can  help  you  figure  requirements  to  a  wide 
variety  of  uses.  Contains  technical  data  needed  in  de- 
signing most  applications,  including  valuable  air  con- 
ditioning tables  and  charts.  Cites  actual  cases  and 
describes  the  advantages  to  Design  Engineers,  Architects, 
Plant  Engineers  and  Contractors. 

For  your  copies  of  the  FREE  literature  outlined  above 
or  the  textbook,  Air  Conservation  Engineering,  at  $3, 
please  send  your  request  to  our  Engineering  Dept. 
at  112A  East  32nd  Street,  New  York  16,  N.  Y. 


(See  pages  1220  and  1221  for  data  on  KNO-DRAFT  Adjustable  Air  Diffuser*.) 
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STAYNEW  MODEL  A-3 
AUTOMATIC  FILTER 

An  endless  curtain  type  oil-bath 
filter  for  handling  large  volumes  of 
heavily  dust-laden  air  at  low  cost. 
The  efficiency  of  Staynew  Model  A-3 
is  ^unsurpassed  among  mechanical 
self-cleaning  filters. 

Operation  and  Features:  Double 
filter  curtains  (1)  carried  on  heavy 
roller  chains  driven  by  sprockets 
keyed  to  the  shafts  of  the  curtain 
rollers  (2) .  These  rollers  float  on  ball 
bearings  for  quiet,  Motionless  opera- 
tion. Curtains  consist  of  removable 
panels  (3)  made  of  a  single  layer  of 
bronze  screen  cloth  to  which  are  at- 
tached layers  of  woven  copper  mesh. 

The  first  of  the  curtains  is  the 
denser,  having  about  twice  the  im- 
pingement surface  of  the  second  or 
rear  curtain.  This  first  curtain  acts 
as  the  filter  and  travels  through  the 
oil  reservoir.  The  second  curtain 
does  not  enter  the  reservoir,  but  acts 
only  as  a  safeguard  against  oil  en- 
trainment.  This  design  permits  a  di- 
rection of  curtain  travel  such  that 
cleaned  panels  (4)  are  always  on  the 
filtered  air  side.  Therefore  no  dust  can  be  carried  across  the  back  or  return  side  of 
the  front  curtain  to  be  blown  off  and  carried  on  by  the  flow  of  air. 

Patented,  exclusive  Staynew  Air  Brush  Conditioners  (5)  prevent  excessive  amounts 
of  oil  being  carried  upward  on  the  curtain  panels  and  being  entrained  in  the  air 
stream. 

Specifications 

Model  A-3  Filters  are  sectional  and  may  be  bolted  together  to  obtain  any  required 
capacity.  Sections  come  in  two  widths,  4  ft  3  in.  and  2  ft  9  in.  Curtain" drive  and 
control  mechanism  (6)  arranged  either  as  an  integral  part  of  filter  unit  or  for  remote 
mounting,  includes  a^  hp  motor  (7)  driving  through  a  reduction  gear  and  a  momen- 
tary contact  time  switch  (8)  for  testing  and  checking  curtain  travel  and  compressed 
air  control.  All  are  mounted  on  a  common  base  plate  (9)  on  clean  air  side  of  filter. 
Shear  pin  (10)  is  provided  for  protection  of  moving  parts  from  accidental  damage. 
The  drive  motor  and  the  Air  Brush  Conditioners  operate  simultaneously  for  a  few 
seconds  at  15  minute  intervals; 
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Model  WKE 
Panel  and  Frame 


Handles  and  Latches 


STAYNEW  PANEL  TYPE  FILTERS 

Model  WKE:  Dry-type  finned  panel  filter  for  use  in 
ventilation  and  air  conditioning  systems.  Extremely  large 
filtering  area  in  relation  to  overall  size.  Adaptable  to  wide 
variety  of  filtering  media — in  fact,  almost  any  medium  ob- 
tainable in  sheet  form  that  can  be  crimped.  Steel  mesh  on 
both  sides  of  medium  prevents  sagging  and  makes  the  WKE 
fire-resistant  (models  available  to  meet  Class  I  Fire  Under- 
writers approval),  and  cleanable  without  possible  damage 
from  vacuum  cleaning  tool  or  cleaning  nozzle.  It  may  also 
be  washed  or  dry  cleaned  when  and  if  necessary.  There  are 
no  cross  bars,  spacer  bars,  or  other  obstructions  to  interfere 
with  the  cleaning  operation. 

Filter  cells  are  held  in  rigid  box-type  supporting  frames  of 
heavy  gauge  metal  by  spring-loaded  cam-type  locking 
latches.  Two  lifting  handles  are  provided  on  each  cell. 
Filtering  medium  supplied  already  crimped  and  cut  to  size. 
It  may  be  inexpensively  replaced  in  2  to  5  minutes  right  at 
the  filter  bank — no  special  tools  required. 

Frames  are  drilled  so  that  they  can  be  riveted  together  to 
form  a  flat  bank,  or  by  the  addition  of  angle  uprights  into  a 
"V"  or  staggered  arrangement. 

Viscous  Panel  (Model  DPV) :  A  permanent  type  panel  for 
air  conditioning  systems  used  in  heavy  duty  industrial 
service.  Filtering  media  consist  of  a  series  of  layers  of 
crimped  galvanized  screen  cloth  and  woven  mesh.  These 
media  when  coated  with  PD-10  Pingene  Filter  Oil  form  an 
unusually  efficient  filter.  Model  DPV  filters  are  cleaned 
easily  with  live  steam  or  by  washing  in  a  suitable  solvent. 
Spring-loaded  locking  latches  and  lifting  handles  are  pro- 
vided as  in  Model  WKE. 

Both  Model  WKE  and  DPV  cells  are  furnished  in  2  in.  and 
4  in.  depths  in  various  standard  sizes. 
Kitchen  Range  Filter  (Model  PVR-3) :  Solves  the  problem 
of  grease  collection  in  exhaust  hoods  over  ranges,  steam 
tables  or  cookers.  Eliminates  fire  hazard  and  odorous,  un- 
sanitary conditions.  Features  exclusive  Staynew  CCRL" 
steel  filtering  medium  made  in  3  in.  deep  units.  High  quality 
in  every  respect,  yet  low  in  price. 

STAYNEW  LIQUID  FILTER 

Model  ELS :  Widely  used  for  the  filtration  of  cooling  water 
to  prevent  clogging  of  spray  nozzles.  Exclusive,  low-cost 
SLIP-ON  INSERT  easy  to  remove,  clean,  replace.  Radial 
Fin  Construction  provides  all  possible  filtering  area  in 
smallest  possible  space.  Standard  models  available  to 
handle  up  to  1000  gpm. 

Representatives  in  Principal  Cities 

Complete  Information  from  Factory  on  Request 

FILTERS  FOR  INTERNAL  COMBUSTION  ENGINES, 

COMPRESSORS,  PIPE  LINES;  ALSO 

DUST  COLLECTORS 
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Farr  Company 

Manufacturing  Engineers 
Chicago  •  Los  Angeles  *  New  York 

FAR-AIR  FILTERS     FOR  ALL  TYPES  OF  INDUSTRIAL  USE 


FAR-AIR  STANDARD  PANEL  FILTER 

For  Ventilation  •  Grease  •  Paint  « 
Ink  •  Lint 
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CFM  CAPACITIES 
OF  STANDARD 
2"  TYPE  44 
FAR-AIR  FILTERS 

o    • 
a  cr 

O    "» 

U 

1B"X2D" 

16"X25" 

20"x20" 

20"x25" 

346 
390 
433 
476 
519 
563 
606 
650 
693 

looooooooo 

.06" 
.07" 
.09" 
.10" 
.12" 
.14" 
.16" 
.19" 
.20" 

625 
700 
780 
860 
935 
1015 
1090 
1170 
1250 

795 
895 
995 
1095 
1195 
1290 
1390 
1490 
1590 

800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 

1020 
1145 
1275 
1400 
1530 
1655 
1780 
1910 
2035 

Based  on  the  recommended  net  face 
velocity  of  519  fpm,  Far -Air  Filters  de- 
liver 50  per  cent  more  air  with  the  same 
blower  power.  This  effects  a  saving  in 
both  initial  costs  and  maintenance  costs 
as  only  %  the  filter  area  need  be  installed 
and  maintained. 

PROGRESSIVE  LOADING 

As  entering  orifices  of  Far-Air  Filters 
are  loaded,  air  direction  changes,  flowing 
past  the  front 
loaded  surface 
and  progres- 
sively loading 
the  clean  screen 
mesh  that  re- 
mains. Greater 
free  area  per- 
mits a  larger 
dirt  load  with 
lower  pressure 
loss. 


HERRINGBONE-CRIMP  DESIGN 

Far-Air  Filters  are  permanent,  all  metal 
herringbone-crimp,  zinc  electro-plated 
steel  wire  screen  construction.  The  alter- 
nate layers  of  flat  and  herringbone- 
crimp  fine  wire  screen  results  in  Lower 
Pressure  Loss  (0.12  in.  W.G.  clean  at  519 
fpm),  Greater  Air  Delivery  (1200  cfm  at 
519  fpm.  through  20  x  20  x  2  in.  unit- 
permitting  equal  filter  and  coil  area  and 
eliminating;  most  V-bank  installations), 
Higher  Efficiency  (improved  perform- 
ance up  to  velocities  us  high  as  750  fpm), 
Larger  Dirt  Holding  Capacity  (from  30 
per  cent  to  over  125  per  cent  more  filter- 
ing media  per  unit),  and  Easier  Cleaning 
(cold  water  hosing  cleans  thoroughly. 
Far-Air  Filters  can  be  clcancd-in-place 
.  .  .  they  do  not  have  to  be  removed 
from  their  holding  frames). 


SELF -WASHING  FILTERS 

These  filter  units  will  handle  any  cfm 
requirement  and  arc  completely  auto- 
matic. Washing,  drying  and  re-oiling 
cycle  is  controlled  by  electric  timers 
whose  intervals  may  be  adjusted  accord- 
ing to  operating  'conditions.  Oil  and 
water  are  flushed  away  immediately , 
eliminating  messy  sumps  arid  attendant 
fire  hazard.  Units  also  have  an  automatic 
fire  control  feature  as  further  protection. 
Installation  is  easy  with  practically  no 
maintenance  required. 

For  full  information  about  Far-Air 
products  write:  Farr  Company,  Dept. 
HVG,  2615  Southwest  Drive, 'Los  An- 
geles 43,  California. 
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Raytheon  Manufacturing  Company 

Waltham  54,  Massachusetts 

S ALES  ENGINEERING  OFFICES:  Boston,  Chicago,  Cleveland, 

New  Orleans,  New  York,  San  Francisco,  Seattle, 

Washington,  D.  C.,  and  Wilmington,  Calif. 

Manufacturers  Agents  In  All  Principal  Cities 

RAYTHEON 

SERVING  THE  NATION'S  ENGINEERS  IN  THE  FIELD  OF 
ELECTROSTATIC  AIR  CLEANING 


RAYTHEON  PRECIPITATORS  remove  virtually  all  dust,  smoke,  soot,  lint,  oil  mist 
and  other  air  borne  dirt — including  particles  as  fine  as  1/250, 000th  of  an  inch,  as 
proved  by  tests  developed  by  the  National  Bureau  of  Standards. 

RAYTHEON  SERVICE  begins  with  spe- 
cialized engineering  knowledge  and  assist- 
ance offered  to  architects  and  engineers 
planning  installations  .  .  .  extends  through 
Raytheon  service  offices  in  all  principal 
cities  to  contractors  making  the  actual  in- 
stallations—and continues  on  throughout 
the  years  so  that  users  may  be  assured  of  all 
the  advantages  designed  and  built  into  the 
equipment. 

CELL-UNIT  TYPE  Raytheon  Precipitators, 
designed  for  installation  in  air  circulating, 
air  conditioning  or  other  air  duct  systems, 
can  be  built  up  to  any  desired  capacity. 


EASE  OF  INSTALLATION  achieved  by 
cell  unit  construction  is  illustrated  by  view 
of  partial  assembly  of  20,000  cfm  Industrial 
Precipitator  shown  top  right.  Light  weight 
ionizer  and  collector  cells  are  readily  in- 
serted or  removed  from  opposite  sides  of 
rigid  frame. 

CELL'  WASHING  may  be  accomplished 
manually  or  semi-automatically  as  desired. 
The  manual  type*,  which  is  most  commonly 
used  (see  top  right)  can  be  washed  efficiently 
by  hand  when  the  system  is  shut  down.  The 
semi-automatic  type*  (see  lower  right)  au- 
tomatically washes  and  applies  adhesive 
without  the  necessity  of  shutting  down  the 
system.  This  type  is  also  advantageous  on 
large  installations  where  systematic  wash- 
ing is  required. 

*  Write  for  Manual  Bulletin  or  Semi-auto- 
matic Bulletin. 
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Owens-Corning  Fiberglas  Corporation 

General  Offices  and  General  Products  Division,  Toledo  1,  Ohio. 

Pacific  Coast  Division,  Box  89,  Santa  Clara,  California. 

For  additional  information  call  any  branch  office 
located  in  these  cities  from  coast  to  coast: 


ALBANY  6,  N.  Y. 
ALBUQUERQUE,  N.  MEX. 
ATLANTA  3,  GA. 
BALTIMORE  2,  MD. 
BIRMINGHAM,  ALA. 
BOSTON-  16,  MASS. 
BUFFALO  2,  N.  Y. 
CHARLESTON,  S.  C. 
CHICAGO  1,  ILL. 
CINCINNATI  2,  OHIO 
CLEVELAND  15,  OHIO 
COLUMBUS  15,  OHIO 
DALLAS  1,  TEXAS 
DAYTON  2,  OHIO 


DEXTER  2,  COLO. 
DES  MOINES,  IOWA 
DETROIT  2,  MICH. 
EUGENE,  ORE. 
GRAND  RAPIDS,  MICH. 
GREENSBORO,  N.  C. 
GREENVILLE,  S.  C. 
HARTFORD,  CONN. 
HOUSTON  2,  TEXAS 
INDIANAPOLIS,  IND. 
KANSAS  CITY  10,  Mo. 
Los  ANGELES  5,  CALIF. 


LOUISVILLE  2,  KY. 
MEMPHIS,  TENN. 
MIAMI,  FLA. 
MILWAUKEE  3,  Wis. 
MINNEAPOLIS  2,  MINN. 
NEWARK,  N.  J. 
NEW  ORLEANS  12,  LA. 
NEW  YORK  22,  N.  Y. 
OMAHA,  NEBRASKA 
PHILADELPHIA  3,  PA. 
PHOENIX,  ARIZ. 
PITTSBURGH  22,  PA. 


PORTLAND  4,  ORE. 
RICHMOND  19,  VA. 
SACRAMENTO  14,  CALIF. 
SALT  LAKE  CITY  2,  UTAH 
SAN  ANTONIO,  TEXAS 
SAN  FRANCISCO  4,  CALIF. 
SAN  JOSE  10,  CALIF. 
SEATTLE  4,  WASH. 
SOUTH  BEND,  IND. 
SPOKANE  3,  WASH. 
ST.  Lours  8,  Mo. 
SYRACU&E,  N.  Y. 
TOLEDO  J,  OHIO 
TULSA  3,  OKLAHOMA 
WASHINGTON  (i,  1").  C. 


AIR  FILTERS 


**.«•.  fllO.  v.f. 


WHAT  THEY  ARE— Fiberglas*  Dust-Stop  Air  Filters  are  replaceable,  impingcmont- 
type  filters.  Dust-Stops  are  constructed  of  glass  fibers  that  are  non-absorptive,  do  not 
shrink  or  swell. 

WHERE  DUST-STOPS  ARE  USED— Dust-Stop  filters  are  used  in  all  systems  in 
which  there  is  a  mechanical  movement  of  air — central  heating,  ventilating  and  air 
conditioning  systems,  and  mechanically-circulated  warm  air  furnaces.  Composed  of 
numerous  glass  fibers  coated  with  a  viscous  adhesive,  Dust-Stop  filters  catch  the  dust 
particles  as  the  air  moves  through  them. 

ADVANTAGES  OF  DUST-STOPS— One  of  Dust-Stops'  greatest  plus  values  is  fire- 
safety.  The  fibers  cannot  burn  and  will  withstand  temperatures  of  1,OOOF.  Being 
glass,  the  fibers  are  inorganic,  chemically  stable  and  resistant  to  corrosive  vapors. 
A  new  improved  dust-catching  adhesive  is  sprayed  on  the  fibers  which  accounts  for 
longer  life  with  no  loss  of  efficiency.  All  Dust-Stop  filters  are  now  listed  by  Under- 
writers' Laboratories. 

No  special  machinery  is  necessary  to  install  Dust-Stops.  Air  filtering  costs  are 
further  cut  by  Dust-Stops'  high  capacity  to  clean  the  air  of  dust,  dirt,  lint  and  pollen. 
Dust-Stops  are  readily  adaptable  to  practically  any  system.  Their  low  cost  and  easy 
installation  make  Dust-Stop  the  engineer's  preferred  filter. 

FACTS  ABOUT  DUST-STOPS— Available  in  two  standard  types:  No,  1  (1  inch 
thick)  and  No.  2  (2  inches  thick).  Both  types  are  made  in  many  sizes  to  fit  practically 
every  installation.  Each  filter  is  faced  with  a  metal  grille  and  bound  on  the  edges  with 
a  fiberboard  frame. 

WHERE  TO  BUY  DUST-STOPS— Call  any  one  of  the  branch  offices  listed  for  the 
name  of  your  nearest  authorized  Dust-Stop  dealer.  For  additional  information,  write 
Department  915,  Owens-Corning  Fiberglas  Corporation,  Toledo,  Ohio. 


*/)  CAST-STOP  is  the  trade-mark  of  Owens-Corning  Fiberglas  Cor- 
poration  for  impingement -type  air  filters  made  of  glass  fibers. 
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Owens-Corning  Fiberglas  Corporation 


DUCT  INSULATIONS 

For  highly  efficient  thermal  and  acoustical  insulation  of  ducts  and  duct  systems,  there 
are  three  distinct  styles  of  Fiberglas*  insulations— each  designed  for  specific  duct 
insulation  application  requirements. 

FIBERGLAS*  COATED  DUCT  INSULA- 
TION is  versatile,  lightweight  Fiberglas  PF 
(Preformed)  Insulation  both  surfaces  of 
which  have  been  uniformly  coated  with  a 
finish  which  improves  handleability.  Can  be 
used  on  interior  and  exterior  duct  surfaces. 
Standard  size  24  by  48  in.  in  various  thick- 
nesses. Thermal  conductivity  (k)  is  approx- 
imately 0.23  Btu  at  75deg  mean  temper- 
ature; the  insulation  is  recommended  for 
temperatures  up  to  450F.  Fiberglas  Coated 
Duct  Insulation  may  be  cut  accurately  with 
a  knife  to  conform  to  irregular  shapes  and 
curved  surfaces,  is  easily  installed  and  pro- 
vides a  neat  and  lasting  insulation  for  hot  or 
cold  ducts. 

FIBERGLAS  PF  INSULATION— PF  In- 
sulation is  recommended  for  even  greater 
economies  on  concealed  duct  work.  It  is 
also  used  for  ducts  which  require  a  canvas 
or  plaster  finish.  Available  in  densities  from 
2}/2  to  10 J £  Ib  per  cu  ft,  PF  Insulation  is 
useful  to  GOOF,  and  has  physical  character- 
istics comparable  to  Fiberglas  Coated  Duct 
Insulation.  (Fiberglas  PF  is  not  suitable 
for  application  to  duct  interiors.) 

FIBERGLAS  AEROCOR*-- Aerocor  is  made 
of  superfine  glass  fibers  nearly  thirty  times 
as  fine  as  human  hair,  lightly  bonded  into  a 
fluffy  blanket  form.  It  is  exceptionally  effi- 
cient and  useful  up  to  GOOF.  Aerocor  is 
especially  adaptable  for  inexpensive  appli- 
cations on  the  exterior  of  concealed  ducts 
and  for  all  ducts  of  a  circular  or  elliptical 
section.  It  provides  savings  in  material  and 
application  costs. 

^FIBERGLAS  (Reg.  U.  S.  Pat  .Off.)  and  AEROCOR  are  trademarks  of  Owens-Corning  Fiberglas  Corporation, 
Toledo,  Ohio,  for  a  variety  of  products  made  of  or  with  glass  fibers. 
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Research  Products  Corporation 

Madison  10,  Wisconsin 

AIR  FILTERS  FOR  HEATING  AND  VENTILATING 
U.  S.  Patent  2070073  U.  S.  Patent  2294478 

RESEARCH  AIR  FILTERS 

Cardboard  Frame  Air  Filters  with 
the  same  efficient  fiber  media  in  a 
rugged  frame.  Depth  loading  de- 
sign and  capillary  action  of  the  ad- 
hesive offers  high  dust-holding  capacity 
and  low  resistance  to  air  flow. 

E  Z  Kleen  Air  Filters  are  made  of 
expanded  aluminum    sheets,    de- 
signed for  domestic  and  packaged 
air  conditioning  units.  Their  stag- 
gered baffle  design,  plus  water  soluble 
adhesive,  deliver  long  life,  high  efficiency 
Self-Seal  Air    Filters   are  widely     and  easy  cleaning. 
(R£)  used  wherever  air  is   moved  me- 
chanically in  blown-air  heating  and 
air  conditioning  systems,  in  window  ven- 
tilators, and  for  protection  of  industrial 
equipment.   Tests  prove  Research  Air 
Filters  have  a  93  per  cent  dust  removal 
efficiency  (with  80-20  dust),  99  per  cent 
ragweed  pollen  removal  efficiency.  The 
resistance  build-up  is  very  gradual. 


"Snap-In"  Grid 
installation  show- 
ing Self-Seal  Edge 

The  time  and  labor- 
saving       Self -Seal 
edge  is  a  Research 
Air  Filter  Feature. 
The  filteringmedia 
,  is      a     pad     con- 
*!  structcd  of  single 
sheets,     cut,     ex- 
panded,  and  held  together  to  form  a 
honeycomb  pattern  of  thousands  of  tiny 
baffles. 

This  unique  construction  allows  filter 
to  be  made  slightly  oversize,  fitting 
snugly  into  place  and  eliminating  bypass 
of  air.  When  filter  becomes  dirt-clogged, 
only  the  filter  pad  need  be  replaced. 

Fiber  Self-Seal  Air  Filters  made 
of  special  adhesive-treated  ex- 
panded fiber,  for  high  dust-hold- 
ing capacity. 

Alumaloy    Self-Seal    Air    Filters 

with  lightweight  expanded  alumi- 
num media.  Sizes  for  most  appli- 
cations. Washable. 


New  handle  locks  for  RP  Fitter*. 


Filter  Coat,  a  special  water  soluble 
coating  for  recharging  washable 

filters. 

Paint  Arresters  are  .specially  de- 
signed, disposable  filters  for  highly 
efficient  health  and  fire  hazard  pro- 
tection in  paint  spraying  booths. 

"Snap-In"  Grids.  H-P  Air  Filters 
(Rr)  are  U{^(1  extensively  in  filter  hanks 
V-x  — both  Flat  and  V  types.  For  max- 
imum efficiency  and  minimum  serv- 
ice requirements,  new  speedy,  "Knap- In  " 
Grids  are  used  with  filter  puds.  The  re- 
moval of  the  front  grids  only  being  neces- 
sary when  changing  pads. 

^.    Ahunaloy  Industrial  Washable  Air 

(Urj  Filters  have  the  same  efficiency  as 

the  disposable  type  filter.  About  f 

lighter  than  other  washable  filters. 

Easily  cleaned  by  agitating  in  hot  soapy 

water. 

Alumaloy  Grease  Filters  catch  98 

per  cent  of  dangerous  grcaso  particles. 

Pay   for   themselves    by    reducing   fire 

hazards,  and  duct  cleaning,  improving 

sanitation,  protecting  motor  and  blower 

equipment. 
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TRION,  INC.* 

1000  Island  Avenue,  McKees  Rocks,  Pa. 

IN  METROPOLITAN  PITTSBURGH 


TRION 

ELECTRIC  AIR  FILTER 
(Electrostatic  Precipitator) 


When  pure  air  is  de- 
sirable or  mandatory — 
for  residential,  commer- 
cial or  industrial  applica- 
tion— a  Trion  Electric 
Air  Filter  will  solve  the 
problem.  Installed  into 
the  return  air  duct  of 
warm  air  heating,  air 
conditioning  or  ventilat- 
ing systems,  it  effectively 
removes  more  than  90 
per  cent  of  dust,  dirt, 
soot,  smoke,  lint,  pollen 
and  other  air-borne  irri- 
tants from  air  streams — 
determined  by  the  U.S. 
Bureau  of  Standards 
"blackness"  test. 


Perspective  drawing  of  Trion 
Electric  Air  Filter  "built  up" 
equipment,  showing  hoio  unit 
construction  offers  flexibility 
of  size  and  capacity. 


BUILT  UP  UNITS  for  commercial  or  industrial  use  are  constructed  of  standard 
components  to  permit  erection  of  filters  of  any  size,  shape  or  capacity.  Units 
consist  of  (1)  power  pack(s);  (2)  all  aluminum  ionizing-collecting  cells;  (3)  built-in 
water  wash  system  with  spray  nozzles  and  manifold  piping  for  easy,  automatic  and 
effective  removal  of  collected  dirt;  (4)  built-in  dry  filters  on  the  clean  air  side  for 
effective  air  distribution  over  entire  face  area  of  cell  and  a  safety  feature;  (5)  com- 
plete structural  framework  (with  top  and  side  panels)  of  corrosion  resistant  steel. 
Cells  are  easily  removed  for  inspection. 

Where  required,  the  following  are  supplied  with  standard  apparatus:  door  inter- 
lock, safety  switches,  warning  lights,  duct  lights,  high  voltage  signs,  spare  preformed 
ionizing  wires,  adhesive  applicator  and  adhesive  for  initial  application  (required 
only  under  circumstances  of  non-adhesive  dirt  loading  and/or  high  face  velocity). 
Write  for  Form  E-6. 

STANDARD  "PACKAGED"  UNITS  for  residential  or  small  commercial  use  are 
produced  in  5  sizes  with  capacities  up  to  4000  cfm.  Models  are  completely  self 
contained  with  all  functional  parts  housed  in  an  attractive  metal  cabinet  and  ready 
for  easy  installation.  Write  for  Form  R26. 

Units  up  to  and  including  8000  cfm  can  be  constructed  as  a  complete  custom 
built  packaged  unit  with  drain  pan  and  access  door  equipped  with  safety  interlock. 
ENGINEERED  EQUIPMENT  is  designed  and  manufactured  to  meet  specific  re- 
requirements  of  by-product  recovery,  nuisance  elimination  and  general  purification 
of  air  and  other  gases.  Design  takes  into  consideration  pressure,  temperature, 
corrosion,  dirt  loading  and  removal  of  collected  dirt. 

*  Designers  and  manufacturers  of  equipment  for  electrostatic  cleaning  and  purifying  of  air  and  other 
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H.  J.  Somers,  Inc. 

6063  Wabash  Ave.,  Detroit  8,  Mich. 

Agents  in  All  Principal  Cities 


SOMERS  Heavy  Duty  Industrial  Filter 


All  Welded  Vee  Type 
Patent  No's.  2008800,  2130107 

Somers  Hair  Glass  Filters  provide  everything  required  in  an  efficient  air-cleaning 

system. 

Consider  These  Features 

•  High  rating  for  dust,  soot  and  bacteria     •  Washable. 

separation.  •  Permanent— Do  not  rot  nor  disintegrate. 

•  Require  no  adhesive,  coating  or  impreg-     •  All  welded  zinc-plated  20  ga.  steel  frame. 

*  Metal  protection  strip  on  apex. 

•  Glass  cloth  between  hot-dipped  hard- 


nation. 

>  Indestructible  in  normal  service. 
» Minimum  low-pressure  drop. 
» Odorless  and  non-absorptive. 
» Fireproof. 


ware  cloth. 

•  Glass  ribbon  seal  so  air  cannot  short 
circuit. 


Somers  Hair  Glass  Filters  consist  of  a  20  gauge  hot  galvanized  frame  holding  gal- 
vanized wire  cloth  packed  with  hair-spun  glass  strands.  The  glass  strands  are  flex- 
ible, do  not  break  up  and  cannot  be  drawn  into  air  stream. 

Hair  Glass  being  chemically  inert,  has  no  facility  of  absorption;  it  cannot  rust  and 
lasts  indefinitely  in  service.  Water  either  hot  or  cold  may  be  used  to  clean  it,  without 
impairing  its  efficiency. 

These  filters  eliminate  the  necessity,  the  expense  and  the  inconvenience  of  periodic 
replacement. 
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SOMERS  WASHABLE  AIR  FILTERS  All  Welded  Vee  Type  Stock  Sizes 


Frame  Size 
Height  and  Length 

Frame 
Depth 

Filter  Surface 
Square  Inches 

For  Average 
Dry  Filter 
Installations 

Wet 
Application 

8"   x  12" 

3K" 

288 

288  C.F.M. 

144  C.F.M. 

12"  x  12" 

2%"    ;       288 

288  C.F.M. 

144  C.F.M. 

12"  x  20" 

3H" 

720 

720  C.F.M. 

360  C.F.M. 

15H"  x  24K" 

3W 

1023 

1023  C.F.M. 

511  C.F.M. 

15M"  x  24^" 

3>f 

1674 

1674  C.F.M. 

837  C.F.M. 

15^"  x  24^" 

2" 

480 

480  C.F.M. 

240  C.F.M. 

155/g"  x  24^" 

3H" 

1110 

1110  C.F.M. 

555  C.F.M. 

16"  x  20" 

2" 

384 

384  C.F.M. 

192  C.F.M. 

16"  x  21K" 

3" 

816 

816  C.F.M. 

408  C.F.M. 

16"  x  25" 

2" 

480 

480  C.F.M. 

240  C.F.M. 

16"  x  25" 

2K" 

624 

624  C.F.M. 

312  C.F.M. 

16"  x  25" 

3" 

864 

864  C.F.M. 

432  C.F.M. 

16"  x  25" 

3H" 

1344 

1344  C.F.M. 

672  C.F.M. 

16"  x  25" 

3H" 

1440 

1440  C.F.M. 

720  C.F.M. 

16"  x  25" 

3H* 

1032 

1632  C.F.M. 

816  C.F.M. 

16"  x  25" 

3H" 

1056 

1056  C.F.M. 

528  C.F.M. 

18"  x  18" 

3Mb* 

864 

864  C.F.M. 

432  C.F.M. 

18"  x  18" 

3M" 

1134 

1134  C.F.M. 

567  C.F.M, 

18"  x  24" 

3" 

1080 

10SO  C.F.M. 

540  C.F.M. 

\Wi"  x  1<W 

2" 

480 

480  C.F.M. 

240  C.F.M. 

19M"  x  19H" 

3" 

819 

819  C.F.M, 

409  C.F.M. 

19^"  x  19^" 

3" 

936 

936  C.F.M. 

468  C.F.M. 

19M"  x  19^" 

3" 

995 

995  C.F.M. 

497  C.F.M. 

19M"  x  19H" 

3j/g" 

1053 

1053  C.F.M. 

526  C.F.M. 

19M"  x  19  W 

3J^" 

1170 

1170  C.F.M. 

585  C.F.M. 

W  x  IQJtf" 

3%" 

1696 

1696  C.F.M. 

848  C.F.M. 

20"  x  20" 

2" 

480 

480  C.F.M. 

240  C.F.M. 

20"  x  20" 

W 

600 

600  C.F.M. 

300  C.F.M. 

20"  x  20" 

Wf 

780 

780  C.F.M. 

390  C.F.M. 

20"  x  20" 

2M" 

840 

840  C.F.M. 

420  C.F.M. 

20"  x  20" 

3" 

960 

960  C.F.M. 

480  C.F.M. 

20"  x  20" 

3K6;; 

1020 

1020  C.F.M. 

510  C.F.M, 

20"  x  20" 

1200 

1200  C.F.M. 

600  C.F.M. 

20"  x  20" 

3  Mi" 

1320 

1320  C.F.M. 

660  C.F.M. 

20"  x  20" 

w 

1680 

1680  C.F.M. 

840  C.F.M. 

20"  x  25" 

2" 

600 

600  C.F.M. 

300  C.F.M. 

20"  x  25" 

2%" 

1020 

1020  C.F.M. 

510  C.F.M. 

20"  x  25" 

3^" 

1560 

1560  C.F.M. 

780  C.F.M. 

20"  x  25" 

3Ke" 

1800 

1800  C.F.M. 

900  C.F.M. 

20"  x  30" 

3H" 

1800 

1800  C.F.M. 

900  C.F.M. 

20"  x  30^" 

3Ji6* 

2400x 

2400  C.F.M. 

1200  C.F.M. 

28"  x  20" 

3H* 

1656 

1656  C.F.M. 

828  C.F.M. 

23M"  x  23H" 

3H" 

1621 

1621  C.F.M. 

810  C.P.M. 

23%"  x  17%" 

3" 

1068 

1068  C.F.M. 

534  C.F.M. 

24"  x  25^" 

3H" 

1872 

1872  C.F.M. 

936  C.F.M. 

25"  x  20" 

3H" 

1800 

1800  C.F.M. 

900  C.F.M. 

26"  x  23M" 

2H" 

936 

936  C.F.M. 

468  C.F.M. 

26"  x  23M" 

2^* 

936 

936  C.F.M. 

468  C.F.M. 

26"  x  34" 

3H" 

2652 

2652  C.F.M. 

1326  C.F.M. 

28"  x  33K" 

2M'7 

1428 

1428  C.F.M. 

714  C.F.M. 

29"  x  33M" 

JL^// 

3045 

3045  C.F.M. 

1520  C.F.M, 

30"  x  15" 

3K6/r 

1800 

1800  C.F.M. 

900  C.F.M. 

30"  x  20" 

3H'7 

1800 

1800  C.F.M. 

900  C.F.M. 

30"  x  24" 

3" 

1800 

1800  C.F.M. 

900  C.F.M. 

31"  x  23M" 

3M" 

3162 

3162  C.F.M. 

1581  C.F.M. 

Other  sizes  also  available.    Send  for  complete  stock  size  list. 

Frames  zinc  plated  for  100  hour  salt  water  spray  test.    Refill  may  be  inserted  if 

necessary. 
Quotations  and  further  engineering  data ,  including  master  holding  frame  drawings  will 

be  sent  on  request. 

Just  a  few  users  of  Somers  Filters 


Chemical  Plants 

American  Viscose  Co. 
American  Zinc  &  Chemical  Co 
Davison  Chemical  Corp. 

Automotive 

Frederick  Sterns  Co. 
Cadillac  Motor  Car  Co. 
Chevrolet  Motor  Car  Co. 
Chrysler  Corp. 
Fisher  Body  Corp. 

Refrigeration 
and  Air-Cond. 

Frigidaire  Corp. 
Norge  Div.— Borg  Warner 
Kelvinator  Corp. 
York  Ice  Machine  Co. 


Ships 

Amer.  Shipbuilding  Co. 

U.  S.  S.  Saratoga 

U.  S.  N.  Lake  City,  Fla. 

TJ.  S.  N.  Daytona  Beach,  Fla. 

U.  S.  N.  Vero  Beach,  Fla. 

U.  S.  N.  Jacksonville,  Fla. 

Utilities  and 
Municipalities 

City  of  Kenosha 

Michigan  Consolidated  Gas  Co. 

Detroit  Edison  Co. 

New  York  Edison  Co. 

Westchester  Lighting  Co. 

Dep't.  Stores 

S.  S.  Kresge  Co. 
S.  H.  Kress  &  Co. 
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Food  Processing 

Awrey  Bakeries 
Gilbert  Chocolate  Co. 
Kellogg  Co. 

Manufacturers 

Buffalo  Forge  Co. 
Burroughs  Adding  Machine  Co. 
Clarage  Fan  Co. 
Curtiss- Wright  Airplane  Co. 
Glensder  Textile  Co. 
Hoover  Co. 

International  Heater  Co. 
Kearney  &  Trecker  Corp. 
KUlian  Mfg.  Co. 
National  Carbon  Co.,  Inc. 
Pittsburgh  Plate  Glass  Co. 
Rockford  Machine  Tool  Co. 
Sunstrand  Machine  Tool  Co. 


Air  System  Equipment  •  Air  Filters 
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Vortox  Company 

Claremontj,  California 
Panel  Air  Filters  Types  VN,  VH,  VG,  VR 


iiliii 


Vortox  Panel  Air  Filters  are  of  the  cleanable,  impingement,  viscous-coated  type 
with  exceptionally  low  air  flow  resistance.  They  are  made  for  use  in  air  conditioning, 
ventilation,  range  canopies,  and  general  air  filtration. 


FILTER  ELEMENT.  Fabricated  of  elas- 
tic units  of  fine  steel  wire  positively 
interlocked  to  provide  a  permanent  filter, 
the  element  offers  many  advantages: 

(1)  In  a  2  in.  x  20  in.  x  20  in.  panel  there 
are  from  9300  to  over  15,000  feet  of  fine 
steel   wire,   depending  upon  the   type. 

(2)  Even  distribution  of  the  filaments 
exposes  innumerable  viscous-coated  sur- 
faces to  the  air  stream,  thus  obtaining 
the  most  effective  cleaning  for  the  space 
occupied.  (3)  Proper  spacing  of  filaments 
prevents  clogging  and  assures  maximum 
dust  removal  efficiency.   (4)  Structural 
strength  and  permanent  resilience  com- 
bine to  withstand  the  "packing"  effect 
of  vibration  and  pulsation. 

EFFICIENCY.  Due  to  the  superior  char- 
acteristics of  the  filter  element,  Vortox 
Panel  Air  Filters  are  efficient  at  both 
high  and  low  air  flows.  Consequently, 
to  reduce  the  cost  of  the  original  installa- 
tion or  to  save  space,  fewer  Vortox  filters 
may  be  used  at 
higher  air  veloci- 
ties. To  assure  a 
longer  service  life, 
more  Vortox  filters 
may  lie  used  at 

Cross-section  of  ,  ,       .  .  . 

Vortox  Filter  Element        1  ° w  c  r  Velocities. 


In  either  case  Vortox  Panel  Air  Filters 
provide  better  cleaning;  at  lower  costs. 

OPERATION.  Dust-laden  air  entering 
the  filter  flows  in  an  extremely  tortuous 
path  at  relatively  high  velocity.  Numer- 
ous changes  in  direction  cause  the  dust 
particles  to  impinge  on  the  adhesive 
viscous-coated  surfaces  of  the  filter 
element.  Coarser  particles  collect  near 
the  entrance,  while  most  of  the  finer- 
particles  penetrate  to  a  greater  depth. 
As  the  entrance  becomes  saturated  with 
dust,  the  cleaning  action  takes  place 
deeper  in  the  filter  and  the  restriction  is 
increased  slightly.  Increased  restriction 
diverts  the  air  to  cleaner  parts  of  the 
filter  element  and  the  process  continues. 
This  results  in  ti  distributed  dust  load, 
higher  over-all  efficiency  and  greater  to- 
tal dust-holding  capacity.  Vortox  Types 
VN",  VII,  and  VG1  have  a,  single  < hick- 
ness  of  fine  mesh  screen  on  the  down- 
stream side  of  the  filter  to  prevent,  col- 
lected matter,  which  might  become 
dislodged,  from  entering  ( he  clean  air 
ducts. 

EASY  TO  CLEAN.  All  dust  and  lint  are 
easily  and  completely  flashed  from  the 
filter  by  water  or  steam  sprays. 


Nominal 
Sine  of  Panel 
Inches* 

Actual 
Outaide 
Dimensions 
Inches 

Capacity 
Range  In 
OKM** 
040  to    !»50 
800  to  1201) 
SOO  to  1200 
1000  to  1550 

Outside  Dimensions 
Of  Holding  I'Yumes 
Inche,s 
IBj  X20J[  X2 
l(5i  X25i  X2 
204  X  2(U  X  2 
201  X  2fii  X  2 

If)  X20  X  2 
16  X  25  X  2 
20  X  20  X  2 
20  X  25  X  2 

155  X  1«)J  X  \l 
1515  X  24J  X  U 
19|  X  191  X  ll 
19  J  X  24,;  X  ll 

Vortox  Panel  Filter 
with  Frame 


*Thc,se  filters  are  also  made  in  4-in,  thickness 

**Some  filter  manufacturers  .specify  very  hitfh  velocities  which  are  applied 
to  certain  internal  dimensions  of  the  filter.  The  ran#e  of  capacities  stated 
above  are  computed  on  the  badi«  of  average  t/>  hi#h  velocities  applied  to  the 
total  filter  area  u«ing  the  actual  outside  dimensions  of  Vortox  Panel  Air  Fil- 
ters. 
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Wilson  &  Co.,  Inc. 

AIR  FILTER  DIVISION 
4100  S.  Ashland  Ave.          I 
Chicago  9,  Illinois 


A  Product  of 

i\     n 


f*™:**"*1 
V/iNc.yy 


WILSONS 


HAIR 


FILTER 


The  Popular 

WILSON  HONEYCOMB 
Here  you  have  the  popular  HONEY- 
COMB air  filter.  Embodying  the  cus- 
tomary fiber  bound  edges  and  cellular 
metal" face,  the  HONEY-COMB  offers  a 
new  air  cleaning  principle  to  scientific 
filter  design.  Laboratory  tests  prove  that 
no  man-made  fibre,  or  other  non-ab- 
sorbent surface,  can  equal  natural  hair 
as  a  medium  for  trapping  and  holding 
dust— with  a  minimum  resistance  to  air 
flow, 


The  Famous 
WILSON  EDGESEAL 

Wilson  EDGESEAL  filters  whip  that  old 
problem,  marginal  leakage.  By  spring- 
ing to  fit,  due  to  highly  processed  ani- 
mal hair,  scientifically  bound,  EDGE- 
SEAL  adds  an  extra  20  per  cent  of  face 
filtering  area.  Even  greater  is  the  addi- 
tion to  holding  capacity.  This  filter  works 
perfectly  in  the  home.  Filter  banks  de- 
manding maximum  area,  a  complete 
seal,  and  top  efficiency  should  always 
use  EDGESEAL.  This  advanced  filter 
reaches  you  ready  to  install  for  your 
greatest  satisfaction  and  protection. 


ENGINEERING  DATA 

WILSON  HONEYCOMB 


WILSON  EDGESEAL 


Filter  Opening 
Size 

Rated  Capac- 
ity C.F.M.  at 
"300  F.P.M. 

ACTUAL  DIMENSIONS 

Width         Length       Thickness 

ACTUAL  DIMENSIONS 

Width          Length        Thickness 

10"  x  10"  x  2" 

200 

10" 

10" 

2" 

ION" 

10H 

2" 

10"  x  20"  x  2" 

400 

m" 

1954?" 

2" 

w 

20H 

2" 

15"  x  20"  x  2" 

000 

IW 

\W 

2" 

§" 

20H 

2" 

16"  x  20"  x  2" 

640 

\IW 

195^" 

2" 

ff 

20H 

2" 

16"x25"x2" 

800 

\w 

24^8" 

2" 

" 

25K 

2" 

20"  x  20"  x  2" 

800 

19%" 

195/S" 

2" 

" 

20H 

2" 

20"  x  25"  x  2" 

1000 

\m* 

W 

2" 

20J/2" 

25X2 

2" 

20"x30"x2" 

1200 

\&i" 

29H" 

2" 

20^" 

30M" 

2" 

WILSON  HAIR  FILTERS  are  manufactured  in  all  regular  and  special  sizes  in  1  in.  and  2  in.  thicknc 
(Yz  in  and  M  in.  thickness  provided  when  required.) 
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Air  System  Equipment 


Manufacturing  Company 

3130-36  Carroll  Ave.,  Chicago  12,  111. 

Representatives  in  all  principal  cities 


Water  cooling  systems  and  nozzles  ...  a  size  and  type  for  every  purpose 


Binks  atmospheric  spray  cooling  towers 

Small  sizes,  in  a  variety  of  standard  units  with 
capacities  ranging  from  10  to  125  gpm — larger  units 
handle  from  600  to  1200  gpm.  Special  designs 
furnished  in  sizes  of  exceptionally  large  capacity. 
Standard  tower  capacity  and  temperature  per- 
formance are  based  on  nozzle  pressure  of  7  Ibs  per 
sq  in.  Ask  for  Bulletin  32. 

Binks  horizontal  induced  draft  cooling  towers 

The  horizontal  draft  principle  of  operation  results 
in  a  tower  having  relatively  low  height.  Single 
fan  units  of  the  spray  filled  type  have  fans  from  18 
to  30  in.  in  diameter.  Larger  twin  units  have  fans 
from,  42  to  48  in.  in  diameter.  Frequently  installed 
in  multiples  for  large  capacities. 
Ask  for  Bulletin  $4.. 


Binks  spray  filled 
forced  draft  towers 

Small,  compact,  quiet, 
specially  suitable  for  use 
with  packaged  air  condi- 
tioners. Nineteen  sizes 
for  systems  ranging  from 
3  to  21  tons  of  refrigera- 
tion. 
Ask  for  Bulletin  35. 


Binks  redwood 

atmospheric 
cooling  towers 

iu  single  section  units  of 
solid  redwood  construc- 
tion, are  built  in  seven 
standard  sizes  to  handle 
normal  capacities  of  20  to 
125  gpm  of  cooling  water. 
Ask  for  Bulletin  40, 


Binks  steel  cased  induced  draft  cooling  towers 

Towers  of  this  type  are  of  the  spray  filled  or 
deck  filled  type — made  in  20  standard  sizes  of 
sq  ft  rated  area.  Larger  models  are  engineered 
to  specification.  Air  propulsion  assemblies  for 
either  type  can  be  arranged  for  V-belt  or  reduc- 
tion gear  drive,  as  required. 
Ask  for  Bulletins  S6  and  57. 


Binks  induced  draft 

masonry  cooling 

towers 

Engineered  for  large 
scale  air  conditioning 
systems  in  towers  that 
harmonize  with  the  archi- 
tectural features  of  the 
building.  Spray  or  deck 
filled.  Ask  for  Bulletin 
38. 


Binks  spray  pond  equipment 

Thousands  of  Binks-oquippcd  spray 
ponds  provide  great  operating  economy 
for  cooling 
large  quanti- 
ties of  water, 
Ask  for  Bul- 
letin IS. 
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Sinks  Manufacturing  Co. 


Air  System  Equipment 


Cooling 
Towers 


Binks  non-clogging  Rotojet  spray  nozzles 

Non-clogging  Rotojet  nozzles  are  the  heart  of  every  Binks  water  cooling  system. 
They  account  largely  for  the  efficiency  and  satisfactory  operation  of  Binks  water 
cooling  installations.  In  addition  to  cooling  tower  applications,  Binks  Rotojet 
nozzles  have  found  a  wide  number  of  uses  in  brine-spray  and  quick-freeze  refrigerat- 
ing systems,  air  washing  equipment,  metal  cleaning  and  treating  machines,  chemical 
plants,  etc.  Rotojets  produce  a  uniformly  fine  fluid  breakup  in  a  hollow  cone  pat- 
tern. Standard  small  and  medium  Rotojet  nozzles  are  machined  from  brass  bar 
stock,  but  can  be  made  on  special  order  from  monel,  stainless  steel,  or  other  machin- 
able metals.  Large,  heavy-duty  Rotojet  nozzles  for  use  in  large  cooling  towers  and 
spray  pond  installations,  are  cast  from  high  quality  brass  with  precision  machined 
threads  and  orifices.  These  nozzles  may  be  cast  in  other  metals  for  special  purposes 
-and  processes. 

Binks  small  and  medium  capacity  Rotojet  nozzles 

to  fit  H  to  %  in.  pipe  connections.  Regularly 
supplied  in  brass,  with  male  or  female  threads,  as 
specified.  Discharge  orifices  are  available  over  a 
considerable  range  for  each  size.  Rotojet  nozzles 
of  this  type  are  designed  on  the  side  inlet  whirl 
chamber  principle,  which  produces  a  fine  fluid 
breakup  and  a  uniform  spray  pattern. 
Full  data  is  contained  in  Bulletins  Nos.  10  and  11. 

Binks  heavy-duty  Rotojet  nozzles 

To  fit  1  to  2}4  in.  pipe  connections. 
Female  threads  only.  Discharge  orifices 
available  in  various  sizes,  from  9/16  in. 
to  1-13/16  in.  The  totally  unobstructed 
involute  type  of  whirl  chamber  produces 
a  uniformly  fine  water  breakup  at  low 
pressures  (5  to  7  Ib). 
Ask  for  Bulletin  No.  12. 


Binks  Spra-Rite  nozzles 

Produce  a  solid  mass  cone 
spray  pattern.  Small  sizes 
for  %  to  %  in.  connections 
arc  widely  used  for  air  wash- 
ing, cooling,  brine  refrigera- 
tion, rapid  evaporation  proc- 
esses, filtering  systems, 
chemicals,  etc.  Bulletin  19. 


Binks  large  capacity 
Spra-Rite  nozzles 

to  fit  1  to  3  in.  connections 
meet  a  variety  of  heavy- 
duty  uses  in  blast  furnace 
gas  washers,  vibrating  and 
revolving  screen  coal  and 
gravel  washers  and  water 
cooling.  Bulletin  19. 

Binks  pneumatic  atomizing  nozzles 

Series  50  nozzles  are  designed  for  use  wherever 
conditions  of  controlled  humidity  must  be  main- 
tained, as  in  the  storage  of  perishable  products, 
paper  storage  and  printing  plants,  textile  mills, 
greenhouses,  etc.  Nozzles  of  all  brass  construc- 
tion deliver  round  or  flat  spray  and  are  designed 
for  use  with  automatic  siphon  or  pressure  feed 
installations.  Described  in  Bulletin  No.  16. 

Engineering  service  and  technical  bulletins 

Binks  engineering  service  and  facilities  are  available  without  obligation  or  cost  to 
Architects,  heating  and  ventilating  engineers  and  builders.  We  welcome  the  op- 
portunity to  be  of  service  in  planning  and  installing  cooling  systems  that  will  fully 
meet  every  requirement  of  performance.  Give  us  the  details  of  your  problem  and 
we  will  submit  our  suggestions. 

Technical  bulletins  describing  Binks  water  cooling  systems  and  industrial  nozzles 
are  available  for  all  units  described  on  these  pages.  Write  for  the  ones  that  will  be 
useful  to  you.  They  will  be  mailed  promptly,  without  obligation. 
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Foster  Wheeler  Corporation 

165  Broadway,  New  York  6,  N.  Y. 

District  Offices 

ATLANTA  •  BOSTON  «  CHICAGO  •  CINCINNATI  •  CLEVELAND  •  DALLAS  «  DETROIT 
HOUSTON  *  KANSAS  CITY,  Mo.  •  Los  ANGELES  •  PHILADELPHIA  «  PITTSBURGH 
SAN  FRANCISCO  •  SEATTLE,  ®  WASHINGTON,  D.  C. 


Foster  Wheeler  engineers  have  had 
many  .years  of  experience  in  Uio  design 
and  construction  of  high  efficiency  cool- 
ing towers  for  service1  in  any  geographical 
location  and  under  all  climatic  condi- 
tions. These  cooling  towers  meet  the 
requirements  of  a  variety  of  industrial 
needs  such  as  those  encountered  in 
chemical  plants,  public,  utilities,  textile 
manufacture,  oilice  buildings,  depart- 
ment stores,  and  oil  refineries.  Foster 
Wheeler  offers  cooling  towers  of  all  typos 
and  capacities  employing  natural, 
forced,  or  induced  draft.  Kecommenda- 
tions  are  made  only  after  careful  study  of 
the  customer's  particular  requirements. 


BOOSTER    EJECTOR 


Vacuum  Refrigeration 

Schematic  diagram  showing  arrange- 
ment of  a  typical  vacuum  refrigeration 
system.  These  systems,  which  cool  water 
by  subjecting  it  to  high  vacuum,  supply 
chilled  water  for  air  conditioning  or 
refrigeration.  When  a  sufficient  quan- 
tity of  steam  is  available,  vacuum 
refrigeration  systems  have  several  out- 
standing advantages  such  as  low  initial 
cost,  low  maintenance  cost,  absence  of 
toxic  and  explosive  refrigerants  and,  ex- 
clusive of  pumps,  no  moving  parts.  En- 
tire unit  designed  and  constructed  by 
Foster  Wheeler. 


.CHILLED 
/  WATER 
PUMP 


1158 


Air  System  Equipment  •  cooling  Towers 


Lille-Hoffmann  Cooling  Towers^  Inc. 

Exclusive  Builders  of  Cooling  Towers  for  SO  Years 
4239  Duncan  Ave.,  St.  Louis  10,  Mo. 

Two  Modern  Plants— ST.  Lours,  Mo.,  AND  PLAIN-VIEW,  TEXAS 


INDUCED  DRAFT  TOWERS 

New  type  filling  reduces  static  pressure.  Filling  consists  of  slats,  assembled  in  grids. 
Slat  arrangement  insures  maximum  wetted  surface,  minimum  pressure  drop  of  air 
flowing  through  tower  packing,  and  uniform  distribution  of  water  and  air  over  the 
entire  effective  area  within  the  tower.  Gravity  distribution  system  requires  only  one 
riser  pipe.  Teco  timber  connectors  develop  100  per  cent  working  stress  of  members. 
Normally  constructed  of  selected  California  redwood.  All  fans  furnished  by  Lilie- 
Hoffmarm  arc  P. P.M. A.  tested  and  certified. 

ATMOSPHERIC  SPRAY  TYPE 

Generally  offered  in  capacities  up  to  3000 
gpm.  Distribution  by  galvanized  ^  pipe 
header  with  smaller  lateral  arms,  equipped 
with  non-clogging  spray  nozzles.  Water 
atomized  as  finely  as  possible.  Sides  and 
ends  of  towers  equipped  with  narrow  lou- 
vres, which  fit  into  mast  slots — no  nails 
required.  Recommended  where  cost  is  prime 
factor;  and  close  approach  to  wet  bulb  is 
unnecessary.  Rigidly  braced  and  tied  to- 
gether to  prevent  warping  and  buckling. 
Withstand  wind  pressures  up  to  100  mph 
without  use  of  guy  lines. 

FORCED  DRAFT  TOWER 

Three-tier  zigzag  pattern  spray  elimina- 
tor cuts  drift  loss  to  minimum.  Fan  open- 
ings covered  by  galvanized  screenwire. 
Towers  built  in  single  or  multiple  cells. 
Continuous  design  improvement,  based 
on  installation  studies,  presents  record 
of  unfailing  operation. 
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The  Marley  Company,  Inc. 


Fairfax  and  Marley  Roads,  Kansas  City  IS,  Kansas 

Representatives  in  All  Principal  Cities  (Consult  Classified  Phone  Directory) 

Water  Cooling  Towers  and  DriCoolers  of  All  Types  and  Capacities.   Spray  Nozzles 

MARLEY  Vairflo  .  .  .  Sets  a  new  "extra-  quality"  stand- 
ard for  air  conditioning  and  refrigeration  cooling  towers 
at  no  extra  cost.    Available  in  choice  of  steel,  wood  or 
asbestos  board  casing,    lias 
m  a  n  y  f  e  a  t.  u  r  e  s  f  o  r  marl  y 

found  only  on   heavy  duty  ~~    -    —      

industrial     cooling    towers.  u         ,      "ft 

25-750  tons  of  refrigeration. 
Write  for  Bulletin  V-50. 

MARLEY  Aquatower    .    .  . 
For  "packaged7'  cool  water, 

the  steel  Marley  Aquatowcr  packs  solid  performance, 
for  those  extra  tough  jobs.  Requires  no  field  erection, 
is  completely  assembled,  ready  to  go.  Shipped  im- 
mediately from  stock.  Aquatower  ranges  from  3  to  50 
tons  of  refrigeration  and  is  available  in  eight  sizes. 
Write  for  Bulletin  AQ-50. 

MARLEY  Natural  Draft  .  .  .  made  of  heart  quality  red- 
wood and  available  in  two  models.  Keonomical  to 
erect  and  operate,  sturdy  and  long  lasting.  Assures  (op 
performance.  Scries  100 . . .  used  primarily  for  refrigem- 
tionandairconditioning small  buildings,  theaters,  locker 
plants  ranging  up  to  35  torus  of  refrigeration.  >SVr?V,s  200 
...  is  built  in  standardized  units  for  larger  capacities 
and  is  also  available  with 
atmospheric  sections  for  in- 
<  I  i  r  e  c  t  c  o  o  1  i  n  g  ( >  f  j  tie  kc,  t  w  a  - 
ter,  oils  and  gases.  Write  for 
Bulletins  100-50  or  200-50. 

MARLEY        Conventional  ...  Marley        conventional 

COUNTER- FLOW  towers  assure  peak  performance  and 

operating  economy.     Built  to  high  structural  standards, 

they  are  equipped  with  Marley  mechanical  units  ami 

other  exclusive  Marley  features.  Marley  Conventional 
towers  meet  every  water 
cooling  application  and  an* 

also  adaptable  to  indirect  cooling  with  atmospheric  sec- 
tions. Available  in  redwood,  steel  or  asbestos  board  cas- 
ing. Medium  to  large  capacity.  Write  for  Bulletin  C»50. 

MARLEY  Double-Plow  .  .  .  lias  those  advanced  features, 
in  cooling  tower  design ;  Horizontal  air-flow  through  full 
height  louver  walls,  Open  distribution  sywtem,  Low 
pumping  head,  Minimum  draft  loss,  Double  service  from 
each  fan  unit,  Patented,  nail -loss  filling  which  retains 
correct  alignment  without  fasteners,  Marley  designed 
and  built  mechanical  equipment,  I'tntost  flexibility, 
Safe  operation  and  low  maintenance  cost.  Available- 

in  redwood  or  asbestos  board  easing.    Double-flows  are  used  wherever  large  gallonago- 
of  water  must  be  cooled  economically  and  efficiently.    Write  for  Bulletin  DK-50. 

MARLEY  Nozzles  .  .  .  Marley  patented,  bronze 
Spray  Nozzles  achieve  the  fundamental  re- 
quirement of  every  spray  installation  ...  a 
maximum  breakup  at  lowest  pressure  .  .  .  with- 
out moving  parts.  Three  styles,  one  piece,  two 
piece,  humidifying.  Write  for  Bulletin  SMT3-50. 
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EQUIPMENT  DIVISION  J.  F.  Pf  itchatcl  &  Company 

90S  Grand  Ave.,  Kansas  City  6,  Missouri 

NEW  YORK,  CHICAGO,  Los  ANGELES,  HOUSTON,  PITTSBURGH,  ST.  Louis,  TULSA 
Representatives  in  Other  Principal  Cities 

THREE  LEADING  LINES— Cooling  Towers,  Heat  Exchangers,  Gas  Equipment  for 
FIVE  MAJOR  FIELDS— Chemical,  Natural  Gas,  Petroleum,  Power  and  Refrigeration 


Large  Size  Industrial  Type  Induced  Draft  Tower 


COOLING     TOWERS— 

Capacities  ranging  from 
small  steel  models  for  air 
conditioning  up  to  heavy- 
duty  induced  draft  in- 
dustrial towers.  Patented 
fans  and  drives  give 
distinct  advantages.  De- 
signed for  long-life,  low- 
cost  ,  trouble-free  per- 
formance. Specifications, 
prices,  and  ratings  fur- 
nished promptly,  with- 
out obligation. 

SERIES H INDUCED  DRAFT  TOWER— Horizontal  flow 

design.  Especially  adapted  _  to 
air  conditioning,  refrigeration 
and  industrial  heat  loads.  Steel 
or  Redwood  construction.  Suit- 
able for  roof  or  ground-level 
installations.  Prefabricated 
for  easy  field  assembly. 


Series  H.  Induced  Draft  Tower 


vSERIES  Q  INDUCED  DRAFT  TOWER— Vertical  counter- 
flow  model,  especially  adapted  to  larger  air  conditioning,  re- 
frigeration and  industrial  heat  loads.  Suitable  for  roof 
or  ground-level  installations.  Available  in  FIRETITE* 
construction. 


Cou 


0  Induced  Draft 
nter/low  Tower 


SERIES  G  IN- 
DUCED DRAFT 
COUNTERFLOW 
TOWER-Fpr  me- 
dium capacity  air 
conditioning  and 
refrigeration  ap- 
plications. Lends 
itself  to  a  simple 
Multi-V-belt  fan 
drive  with  verti- 
cal motor  outside 
the  air  stream. 
Prefabricated  for 
fast,  easy  field  as- 
sembly. Redwood  or  steel 
construction. 


Series  S  Natural 
Draft  Spray  Towei 


SERIES  S  NATURAL 
DRAFT  SPRAY  TOWER 

— For  roof  or  ground-level 
installation,  with  or  with- 
out basins.  Simple  bolted 
assembly.  Slip-fit  louvers 
lift  out  easily  for  access 
to  interior.  Low  pressure 


water  distribution  S3'stem  minimizes 
pumping  cost.  Shipped  complete 
"knocked-down." 

SERIES  P  PACK- 
AGED INDUCED 
DRAFT  TOWERS- 

Horizontal  air  flow 
towers  designed  to 
provide  low-cost,  in- 
door or  outdoor  cool- 
ing water  service  of 
relatively  small  ca- 
pacities. Used  in  air 
conditioning,  refrig- 
erating and  many 
processing  indus- 
tries. Available  in 
steel,  aluminum  or  Monel.  Shipped  shop 
assembled  or  "knocked-down." 


Series  P  Packaged 
Induced  Draft  Towers 


Superior  Service  to  Industry 
for  More  Than  a  Quarter  of  a  Century 


*  Registered  trade  names  for  specialized  equipment 
produced  by  J.  F.  Pritchard  &  Co. 
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Water  Cooling  Equipment  Company 

8613  New  Hampshire  Avenue 
Affton  Station,  St.  Louis  23,  Missouri 


MANUFACTURERS  OF  MECHANICAL  DRAFT 


AND   ATMOSPHERIC    COOLING   TOWERS 


LOW  HEAD,  IN- 
DUCED DRAFT 
COOLING   TOWER 

WLII   Low  Head, 
Induced         Draft 
;  Tower    with    mul- 
tiple coll  arrange  - 
[  mcnt .  Monel 

Metal  fan  ring, 
Monel  Metal  blades  and  hub  are  used 
in  the  fan  Unit.  Self-contained,  built-in 
motor  located  inside  fan  hub,  is  used. 
Motor  bearings  are  factory  lubricated  and 
sealed  requiring  no  further  lubrication 
for  the  life  of  bearings.  Outer  casing 
can  be  cement  asbestos  board  with  con- 
trasting trim  strips  for  fire  resistance 
and  improved  appearance. 

REDWOOD 
"WATERFALL" 
ATMOSPHERIC 

SPRAY 

COOLING 

TOWER 

Factory  fabri- 
cated and  shipped 
knocked  -  down 
with  all  hard- 
ware, spray 
headers  and  spray 
nozzles.  Complete  erection  instruc- 
tions and  drawings  are  furnished  to 
assist  in  the  assembly  of  the  tower. 

These  towers  are  portable  and  can  be 
knockcd-down  and  moved  simply  by  re- 
moving the  louvres  and  bolts.  Ship- 
ment can  bo  made  from  stock.  Write 
for  Bulletin  125-A. 

INDUCED  DRAFT 
COOLING   TOWER 

A  7700  gpm  In- 
duced Draft  Cool- 
ing Tower  con- 
structed of  all 
heart  Redwood 
which  was  chemi- 
cally treated  with 
flame  retardant  and  outer  casing  fur- 
nished of  cement  asbestos  to  conform  to 
fire  prevention  regulations.  Equipped 
with  four  168-in.  diara.  stainless  steel , 
6-blade,  adjustable  pitch,  propeller  type 
fans. 


r 


INDUCED 
DRAFT 

COOLING 
TOWER 


Two-cell  Induced 
Draft  Cooling 
Tower,  construct- 
ed of  stool,  de- 
signed to  meet 
building  code  and 
fire  prevention  regulations,  which  re- 
quire metal  cooling  towers. 


\ 


LOW  HEAD,  IN- 
DUCED   DRAFT 
COOLING  TOWER 

Redwood  WLII 
Low  Head  In- 
duced Draft  Cool- 
ing Tower  de- 
signed for  roof  or 
ground  installa- 
tion. Nail-loss 
grid  filling  of  advanced  design  and  all  - 
bolted  construction,  is  employed.  Water 
is  distributed  by  Uio  gravity- trough 
system  resulting  in  a  very  low  pump- 
ing head.  Write  for  Bulletin  WLIL-S01. 


SPRAY 
NOZZLES 

"Whirlcone" 
noil  -  clog- 
ging, low 
pressure,  cen- 
trifugal type 
spray  nozzles 
for  spray 
ponds,  spray 
towers  and  other  uses.  Write  for  Bulle- 
tin 76-A, 


Patent  No,  2,123,607 


ENGINEERING 


Design  and  construction  are  based  on 
sound  engineering  principles  to  meet 
specific  requirements  for  cooling  per- 
formance arid  structural  strength.  Red- 
wood, steel  or^other  suitable  materials 
are  used. 
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American  Moistening  Company 


ATLANTA  2,  Ga. 


ESTABLISHED  1888 

Providence  1,  R.  I. 

BOSTON  9,  MASS. 


CHARLOTTE  1,  N.  C. 


UNIT   HUMIDIFYING   AND   AIR   CONDITIONING   EQUIPMENT 


A  few  of  many  AMCO  products  with  a  Long  Record  of  Dependable  Performance 


Self -cleaning  Atomizers. 
Humidity  Controls. 
Amtex  Humidifiers. 
Evaporative  Cooling  Units. 


Mine  Sprays. 


Fabric  and  Paper  Dampeners. 
Electro  Psychrometers. 
Sling  Psychrometers. 
Hygrometers. 


Amco  humidification  devices  offer  an  economical  solution  to  practical  humidification 
and  control  problems.  Either  as  complete  systems  or  as  an  adjunct  to  Central  Station 
equipment  they  satisfy  the  need  for  wide-range  adaptability  combined  with  precision 
control.  Consult  with  Amco  first,  for  value  backed  by  experience. 


AMCO  ATOMIZER— No.  5 

Quality  and  quantity  of  spray  are  maintained  even  under 
adverse  conditions  because  this  atomizer  is  automatically 
self -cleaning.  When  the  compressed  air  supply  is  shut 
off,  either  manually  or  in  response  to  a  humidity  control, 
both  air  and  water  nozzles  are  thoroughly  cleaned. 


AMCO  HUMIDITY  CONTROL 
Compressed  Air  Operated 

A  unique  hygroscopic  element,  which  responds  primarily 
to  humidity  and  not  to  temperature,  forms  the  heart 
and  brain  of  the  Amco  Humidity  Control.  Its  sensitive 
impulses,  amplified  by  a  simple  pneumatic  circuit,  re- 
spond automatically  to  changes  in  relative  humidity  of 
one  or  two  percent  of  the  desired  value,  with  a  minimum 
of  care  and  supervision.  Successful  operation  in  many 
hundreds  of  mills  throughout  the  United  States  attests 
to  its  ruggedness  and  reliability. 


AMCO  EVAPORATIVE  COOLING  UNIT 

The  Amco  System  of  evaporative  cooling  contributes  to 
smooth  production  at  high  speeds  in  two  ways;  it  main- 
tains the  percentage  of  relative  humidity  best  suited  to 
the  fibre  and  process  involved,  and  at  the  same  time 
promotes  the  comfort  and  efficiency  of  personnel  by  ob- 
taining the  maximum  practical  cooling  effect  from  evapo- 
ration. It  does  this  by  introducing  outside  air  into  the 
room  in  varying  amounts,  regulated  in  accordance  with 
climatic  conditions  and  inside  requirements. 

A  ductless  system — very  flexible  and  portable.  Can  be 
applied  in  conjunction  with  an  existing  humidifying 
system. 
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Jos.  Ao  &  Company 

229-31  North  13th  Street,  Philadelphia,  Pa. 
SPRAY  POND  AND  ATOMIZING  SPRAY  NOZZLES 


MARTOCELLO 

Atomizing  Spray  Nozzles 
produce  a  uniform,  good, 
wide  spray  with  less  friction 
and  at  minimum  pressure  re- 
quirements. 

Nozzles  illustrated  at  the 
right  are  manufactured  with 
precision  in  Brass  Forgings 
and  Bar  Stock.  Their  de- 
sign has  been  thoroughly 
tested  for  results  and  du- 
rability and  will  give  you 
satisfaction. 

Successful,  Efficient  Re- 
sults depend  largely  upon 
selecting  the  proper  number 
and  type  of  Nozzles  with 
Brass  or  Moncl  cap  suitable 
for  your  job.  Therefore  we 
suggest  you  send  us  your 
specifications  as  we  also 
have  several  Types  other 
than  illustrated  and  we  will 
gladly  assist  you  to  obtain 
the  most  efficient  applica- 
tion. 


MARTOCELLO 

Spray  Pond  Nozzles  of 
sturdy  one-piece  construc- 
tion—cast of  High  Grade 
lied  Brass  with  Inlet  and 
Outlet  accurately  machined, 
are  less  clogging,  offer  less 
friction  arid  give  unsur- 
passed overall  efficiency. 


MARTOCELLO  CLUSTER  CASTINGS 

Sturdy  Grey  Iron  Construction  with  ^  large  area 
for  reduced  friction  and  even  distribution.  They 
are  Hot  Dipped  Galvanized  after  fabrication. 

Furnished  with  Nozzles  and  continuouH  Stand- 
ard Steel  Long  Sweep  Galvanized  Pipe  Spray  Arms 
and  Center  Nozzle  Nipple  in  accordance  with 
layout  required. 

Sizes  Carried  in  stock  for  Prompt  Shipment 
1H  in.  P.  S.  Outlet,  3  in.  P.  8.  Inlet  and  2  in.  P.  S. 
Outlets,  4  in.  P.  S.  Inlet  Cluster  Castings. 

WRITE,  PHONE  OR  WIRE 
For  Bulletin  listing  Capacities  and  Prices- 
Prompt  shipments  from   stock. 
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Monarch  Manufacturing  Works,  Inc. 

2509  E.  Ontario  St.,  Philadelphia  34,  Pa. 
SPRAY  NOZZLES  FOR  WATER  AND  OIL 


NON-CLOG  AIR  WASHER  NOZZLES 

Eroduce  an  exceptionally  efficient,  evenly  distributed 
ollow   cone    spray.     Single   large   tangential  inlet   to 
swirling  chamber  minimizes  any  possibility  of  clogging. 
Also  available  in  %  in.  to  1  in.  pipe  sizes  inclusive,  and  of 
Brass,  Stainless  and  Monel. 

Capacities:  Gallons  per  Hour 


Sizes 

Lbs.  Operating  Pressure 

Pipe 
W 

Orifice 

Lead 

10 

20 

30 

40 

60 

100 

09 
61 
61 
53 
49 
56* 

69 
61 
53 
53 
49 
W 

4.4 
5.8 
9.1 
11.8 

4.0 
6.2 
8.2 
11.1 
16.6 

2.9 
5.0 
7.5 
9.8 
13.2 
20.4 

3.3 
5.5 
8.3 
10.9 
15.0 
23.4 

4.0 
7.0 
10.3 
14.1 
19.5 
29.0 

5.1 
8.7 
13  0 
17.3 
24.6 
36.5 

1 

%" 

3/6  ' 

1 

19.5 
24.3 
31.5 
52.2 
78.0 
82.0 

27.6 
34.6 
46.1 
75.0 
112 
121 

33.3 
42.8 
57.0 
92.5 
138 
152 

39.1 
50.0 
64.1 
109 
163 
ISO 

49.0 
64.0 
81.9 
138 
205 
225 

60.0 
78.5 
105 
189 
257 
300 

Fig.  631 


Fig.  629 


AIR  CONDITIONING  AND  OIL  BURNER  NOZZLES 

Water  Capacity  in  Gallons  per  Hour 


Fig.  F-80 


Nozzle  No. 

Lb  Operating  Pressure 

25 

40 

60 

80 

100 

1.35 
1.65 
2.00 
2.50 

.57 
.75 
.94 
1.13 

.69 
.89 
1.14 
1.45 

.83 
.99 
1.28 
1.64 

.92 
1.12 
1.40 
1.86 

3.00 
3.50 
4.00 
4.50 

1.03 
1.36 
1.56 
1.86 

1.39 
1.77 
2.00 
2.32 

1.62 
2.11 
2.42 

2.77 

1.85 
2.46 

2.77 
3.21 

1.95 
2.80 
3.16 
3.68 

5.00 
5.50 
6.00 
7.00 

2.20 
2.22 
2.55 
2.90 

2.88 
2.96 
3.35 
3.91 

3.57 
3.75 
4.01 
4.60 

4.09 
4.31 
4.78 
5.17 

4.59 
4.78 
5.23 
6.00 

Produce  finest  breakup  possible  with  direct  pressure  only.  Capacities  above  are  on 
water.  "Nozzle  No,"  is  capacity  on  34  second  Saybolt  viscosity  oil  at  100  Ib  pressure. 
Larger  sizes  up  to  Nozzle  No.  60.00. 

Furnished  of  all  Brass  for  Water—Stainless  Steel  tip  and  disc  for  Oil.  Standard 
with  y$  in.  or  M  in.  female  pipe  Brass  adapter  and  Monel  gauze  strainer. 

SPRAY  POND  NOZZLES 

For  rccoolirig  condenser  water,  etc.  Operate 
on  pressures  from  5  Ib  upward.  Made  of  Cast 
Keel  Brass  and  in  pipe  sizes  1  in.,  1J^  in.,  2  in., 
and  21A  in.  Capacities  from  4.1  to  88  gpm  at 
7  Ib  pressure. 


Write  for  Detailed  Catalogs 
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ACME  INDUSTRIES,  INC. 

Jackson,  Michigan 
Representatives  in  Principal  Cities 

CONTINUOUSLY  SERVING  THE  REFRIGERATION 
INDUSTRY  SINCE  1919 


FREON  CONDENSERS 
AMMONIA  CONDENSERS 

Shell  and  Tube  type  for  use  with  Am- 
monia, Freon  or  other  Refrigerants. 
Standard  or  special  designs  to  meet  vary- 
ing water  temperatures  available  and 
condensing  temperatures  desired. 


DRY-EX  COOLERS 

Refrigerant  in  Tubes,  Solution  baffled 
through  shell.  For  cooling  water,  brine, 
Glycols  or  Alcohols  by  direct  expansion 
of  refrigerant. 


BLO-COLD  INDUSTRIAL 
UNIT  COOLERS 

Bio-Cold  Models  are  available  for  either 
medium  temperature  or  low-temperature 
applications.  All  fabricated  steel  parts  are 
hot-dip  galvanised  after  fabrication. 


EVAPORATIVE  CONDENSERS 

All  prime  surface  for  Freon  or  Ammonia 
Refrigerants—Heavy  Gage  Sheet  Metal 
Casings,  especially  processed  for  Maxi- 
mum Resistance  to  Rust  and  Corrosion. 
Capacities  to  100  tons.  All  fabricated 
steel  parts  are  now  hot-dip  galvanized  after 
fabrication. 


HEAT  INTERCHANGERS 

Shell  and  coil  units  for  small  capacities, 
shell  and  tube  units  for  largo  installa- 
tions. 16  standard  models  from  one  ton 
to  180  tons  capacity. 


PIPE  COILS 

Fabricated  in  all  shapes  and  sizes  from 
J/2  in.  I  PIS  to  2  in.  IPS.  in  accordance  with 
customer's  specificatioriH, 


Acme  Industries,  Inc.  also  manufacture  Flooded  Water  and  Brine  Coolers. 
Oil  Separators,  Receivers  and  Fin  Coils. 

WRITE  FOR  CATALOG  ON  ANY  PRODUCT 
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Heat  Transfer 


The  Patterson-Kelley  Company,  Inc. 

101  Burson  Street  East  Stroudsburg,  Pa. 


Offices  or  Representatives  in  Other  Principal  Cities 
New  York  Office,  101  Park  Avenue,  Zone  17 


PATTERSON  PRODUCTS 

for  the 
Heating  Field 

Hot  Water  Storage  Heaters 
Instantaneous  Heaters 
Combination  Heaters 
Heat  Reclaimers 
Heat  Exchangers 
Condensers 
Converters 
Fuel  Oil  Heaters 


PATTERSON  PRODUCTS 

for 
Air  Conditioning 

and 
Refrigeration 

Freon  Coolers 

Water,  Brine  and  other  Coolers 

Condensers 

Slug  Eliminators 

Balance  Loaders 


All  of  the  above  units  are  in  the  class  of  "heat  transfer"  equipment  and  it  is  in  this 
class  that  The  Patterson-Kelley  Company  has  been  specializing  since  1880.  Its 
products  are  carefully  engineered  and  constructed  of  properly  selected  materials 
according  to  the  most  modern  manufacturing  methods.  Literature  describing  any 
product  will  be  sent  on  request. 

If  you  have  any  requirement  involving  any  type  of  heat  transfer  equipment,  let  us 
know.  Our  engineers  will  be  glad  to  study  your  problem  and  recommend  the  proper 
type  and  size  of  unit. 


Patterson  Freon  Cooler— Dry  Expansion  Type 


Note  the  freon  chamber  machined  from  solid  billet  of  rolled  carbon  steel  with  sepa- 
rating partitions  welded  in  place.  There  are  no  exposed  welds.  New  Bulletin  on 
request. 
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"nsfer 


410  So.  Geddes  Street 
Syracuse  1,  N.  Y* 


Standardized  Light-weight  Heat  Exchange  Surface 

Branch  Offices 
Cleveland,  Chicago,  New  York,  Philadelphia,  Detroit,  Dallas,  San  Francisco  and  Montreal 


Aerofin  is  the  modern  Standardized 
Light- Weight  Encased  Fan  System  Heat- 
ing and  Cooling  Surface  originated  by 
Pan  Engineers  to  meet  the  present  and 
future  requirements  of  this  highly 
specialized  field.  All  Standard  AEKOFIN 
Units  are  furnished  as  completely  en- 
cased Units,  ready  for  pipe  and  duct 
connections.  The  patented  casings  are 
built  of  pressed  steel  and  are  exception- 
ally strong  and  rigid,  protecting  the  Unit 
from  all  the  strains  of  pipe  connections 
and  expansion  or  contraction  in  service. 
The  casings  are  flanged  on  both  faces,  top 
and  bottom,  and  template  punched  for 
bolting  together  adjacent  Units,  or  for 
cluct  connection. 


Fig.  1 


Aerofin  Non -freeze  heater  (Fig.  1)  is 
non -freeze,  non -stratifying  spiral  fin  coil 
built  into  casing  for  air  conditioning 


units  or  for  installing  in  ducts.  May  bo 
installed  horizontally  or  vertically. 
Used  on  any  two-pipe  steam  system  for 
preheating  or  reheating.  Modulating 
control  on  prchoalors. 

Available  in  13  lengths  and  3  widths, 
from  net  face  area  of  2,70  sq  ft  to  20.28 
sq  ft. 


Flexitube  Aerofin  (Fig.  2)  is  distin- 
guished from  all  other  developments  by 
its  off -sot  tubes,  so  arranged  as  to  absorb 
all  expansion  and  contraction  strains, 

Headers-- Si  eel. 

Tubing--? s  in.  O.I),  copper,  admiralty 
or  aluminum. 

Joints  —Whore  admiralty  or  copper 
tubes  are  used  together  with  browse  or 
steel  headers  tubes  an;  b raxed  to  headers. 
Where  both  aluminum  tubes  and  headers 
are  used  tubing  is  welded  to  headers. 

Casings— Copper,  aluminum  or  galvan- 
ized iron. 

Design— Constructed  with  headers  on 
opposite  ends  making  possible  installa- 
tion of  units  with  tubes  horizontal  or 
vertical. 
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Aerofin  Corporation 


Air  System  Equipment 


Heat  Transfer 
1  Surface 


Fig.  8 

Universal  Aerofin  (Fig.  3)  is  distin- 
guished by  its  "&"  bend  construction  of 
tubing,  units  designed  with  steel  headers 
on  opposite  ends,  the  ends  of  the  "S" 
bends  being  connected  thereto  by  com- 
pression nuts,  the  bends  taking  care  of 
the  expansion  and  contraction  of  the 
tubing. 

Recommended  where  close  control  is 
desired. 

Headers— Pressed  steel. 

Tubing—* I  in.  O.I),  copper  or  admi- 
ralty. 

Casings— Copper,  aluminum  or  galvan- 
ized iron. 


Aerofin  Heavy -Duty  Industrial  Heating 
Coil  (Fig.  4)  for  use  where  extra-rugged 
coil  IK  needed  for  close  control.  Steam 
pressures  from  25  to  450  Ib  gauge;  tem- 
peratures to  550  F. 

I  readers— Pressed  steel. 

Tubing—I  in.  O.D.  heavy  copper, 

Casings-—  12-gauge    galvanized    iron. 


Fig  5 


Booster  Aerofin  (Fig.  5)— straight  tube 
type,  single  pass  construction  for  pres- 
sures from  1  to  200  Ib  gauge. 

Headers — steel. 

Tubings— Ji  in.  O.D.  copper. 

Casings — copper,  aluminum  or  gal- 
vanized iron.  Recommended  where 
small  coils  are  needed  or  to  raise  the  air 
temperatures  in  branch  ducts. 


Fig.  6 

Narrow  Width  Aerofin;  (Fig.  6)  recom- 
mended for  water  cooling  or  for  flooded 
Freon  systems.  Made  in  straight  lubes 
only  with  headers  on  opposite  ends,  j  oints 
between  headers  and  tubing  being 
brazed.  Construction  similar  to  Flexi- 
tube  AEBOPIN. 
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Air  System  Equipment 


Heat  Transfer 
Surface 


Fig.  7 

Aerofin  Continuous  Tube  Water  Coils 
(Fig*  7)  arc  designed  for  air  cooling  by 
circulating  cold  water  through  the 
AEROFIN  and  air  over  extended  fin 
surface.  Made  for  either  horizontal  or 
vertical  air  flow. 

Tubes  and  fins  are  copper,  completely 
tinned  with  permanent  metallic  bond 
between  fin  and  tubes.  Headers  arc 
made  of  steel  and  casings  of  heavy  gal- 
vanized iron  or  copper. 

Tested  to  100  Ib  steam,  followed  by 
450  Ib  air  with  coil  submerged  in  water. 


Fig.  8 

Aerofin  Cleanable  Tube  Units  (Fig.  8) 
for  cooling  only  made  with  headers  re- 
movable to  permit  cleaning  tubes. 
Recommended  for  use  where  sediment  or 
scale  forming  chemicals  are  present  in 
the  cooling  water. 

Headers — Fabricated  steel. 

Tubing — Copper  or  admiralty. 

Casings— Copper  or  galvanized  iron. 


Fig.  0 

Aerofin  Direct  Expansion  Units:  (Fig. 
9)  Centrifugal  Header  Typo—For  cooling 
air,  using  Freon  expanded  directly  into 
the  coil. 

AEROFIN  Sizes 

Flexitube:  13  standard  lengths,  three 
widths,  one  and  two  rows  deep. 

Narrow:  same  as  Flexitube. 

Universal:  17  standard  lengths,  two 
widths,  one  and  two  rows  (loop. 

Continuous  Tube :  18  standard  lengths, 
three  widths,  2-3-1-5  and  (5  rows  deep. 

Cleanable  Tube:  17  .standard  lengths, 
one  width,  2  and  -1  rows  deep, 

Direct  Expansion :  Centrifugal  Header 
— -11  standard  lengths t  three  widths, 
2-3-4-5-0  rows  deep. 

Steel  Supporting  Legs :  1,S  in.  and  24  in, 
high.  Punched  same  bolt  hole  centers  as 
standard  casings.  Quickly  attached, 
No  other  foundation  required. 

Sale:  AEKOFIN  in  Hold  only  by  manu- 
facturers of  nationally  advertised  Fan 
System  Apparatus .  Lint  upon  request, 

Write  Syracuse  for  Heating  Bulletin 
H-45;  Direct  Expansion  Bulletin  DB~48-1 
on  refrigeration  type  units;  Continuous 
Tube  Bulletin  C.  T.  39-2  for  Water  Cool- 
ing  Coils;  or  pamphlet  on  Cleanable  Type 
Aerofin  for  cooling. 
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The  G  &  O  Manufacturing  Company 

138  Winchester  Avenue  New  Haven,  Connecticut 


G3O 


SQUARE  FIN  TUBING 
STRAIGHT  LENGTHS— U-BENDS— CONTINUOUS  COILS 


THE  use  of  INDIVIDUAL  fins  results  in  high  efficiency  in  heat  transfer  from 
primary  tube  surface  to  secondary  fin  surface. 

Fins  of  any  size  or  shape  may  be  obtained  giving  any  desired  proportion  of  primary 
and  secondary  surface. 

A  square  fin  has  about  30  per  cent  greater  surface  than  a  round  fin  of  a  diameter 
equal  to  one  side  of  the  square. 

Individual  fins  permit  of  any  fin  spacing;  also,  of  using  fins  in  groups  at  intervals 
along  tubes. 

STANDARD  SIZES 


A— Generous  Fin  Collar  provides  large 
contact  area  between  lube  and  Fin. 

B— Tube  expanded  against  Fin  Collar; 
insures  mechanically  tight  joint, 
made  permanent  by  bond  of  high 
temperature  alloy— complete  thermal 
trontact. 

('—  -Five  air-flow  passages;  non-clogging. 


O.D.  of 

Tube 

Fin  Size 

Fin  Spac- 
ing per  Inch 

Surface  per 
Linear  Foot 

X" 

W  sq. 

6 

0.80  sq.ft. 

K" 

W  r'd. 

6 

0.60  sq.  ft. 

H" 

1/s"  r'd. 

6 

0.87  sq.  ft. 

W 

\Y/  r'd. 

6 

1.55  sq.ft. 

W 

\W  sq. 

6 

2.40  sq.  ft. 

r 

W£  sq- 

6 

4.00  sq.  ft. 

w 

2^"  r'd. 

4 

2.  33  sq.ft. 

RADIATING  ELEMENTS  FOR  ALL  HEAT  TRANSFER  PURPOSES 

G&O  Finned  Radiation  Coils  for  industrial  applications  are  available  in  a  wide 
range  of  sizes. 


Universal  U~tO£ 


Standard  No.  10 


Send  for  Catalog  and  Price  List 
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KRITZER   RADIANT  COILS,  INC. 

"IF  IT'S  KRITZER,  IT'S  RIGHT  SIR" 
2909  LAWRENCE  AVENUE  •  CHICAGO  25,  ILLINOIS 


KRITZER  "FIN-TUBE"  RADIANT  COILS 

Kritzer "FIN-TUBE"  Radiant  Coils  introduce  anew,  im- 
proved method  of  radiant  heating.  They  are  enclosed  in 
joist  or  stud  spaces,  concealed  but  not  imbedded  in  struc- 
tural materials.  They  warm  the  air  in  these  spaces,  and 
indirectly  warm  ceilings,  floors  or  walls  to  produce  radiant 
panels  for  all  areas.  No  concentration  of  heat  in  one  spot.  *1V-  '"  ~~  !  — 
Kritzer  combines  low  first  cost  with  lower  installation  f  " 

costs.  Installation  begun  and  finished  when  framing  is  up, 
and  before  plastering.  Coils  are  installed  crosswise  to  standard  space  joists- 
sections  lying  between  joists  slightly  above  plaster;  tubing  suspended  on  h 
with  non-friction  insulation  pads.  Simple  construction.  A  single  r>,s  in.  coppe 
is  mechanically  bonded  to  1  }i  in.  x  3  in.  aluminum  fins,  in  sections  for  highly 
plied  heat  transfer  surface. 


finned 
angers 
:r  tulie 
multi- 


RESIDENTIAL 


INSTITUTIONAL 


COMMERCIAL 


KRITZER  RADIANT  BASEBOARD  COILS 

Heat  transfer  units  with  radiant  front,  integral  part  of  2  1/4  in. 
x  5  1/2  in.  aluminum  fins  mechanically  bonded  to  two  r>s  in.  copper 
tubes.  Beautifully  finished.  INSTALLATION  KKQKIKKS  ONLY 
THREE      QUICK     EASY 
STKPS.  Steel  back  plate  (fig. 
1)  furnished  in  10-ft  lengths    . 
is   placed    against   wall    ou  * 
|  finished  floor  and  fastened. 
Felt  sealing  strips  compen- 
sate for  any  imevenncss,  and  *2 
prevent     soiling.      Kritzer 
Radiant  Elements  are  then 

snapped  into  place,  (fig.  2).  Last  step  is  placement  of 
filler  plates  (fig.  3),  and  End  Posts  whore  required.  Orn-  .3 
amenta!^ grilles  are  available  for  top  or  bottom.  Overall 
size  of  Kritzer  Radiant  Baseboard  is  2}  in.  x  9  in. 


KRITZER  "FIN-PIPE"  COMMERCIAL  COILS 

"lasier  installation — more  Btufs    Kritzer   "FIN- 
PI  PR"  Coil  sections  equal  heat  output  of  equip- 


Kritzer  Commercial 
"Fin-Pipe"  Coil 


Kritser 
Solid  Front 
Commercial 
iboard  Grille 


merit  costing  twice  as  much—more  fhan  cut  time 
and  labor  in  half!  Fins  permanently  #rip  pipe»4 
with  specially  designed  deep  collars.  iHpe  sections 
with  chamfered  ends  for  welding,  or  threaded  for 
leak-proof  Connection.  New  Kritzor  notched  fin 
design.  Grilles,  2  or  3-cornered,  flat  or  sloping 
base-board  types  snap  on  coils.  Properly  aligned. 
Removable,  but  will  never  fall  off,  3  Sixes:  2  in. 
pipe,  .037  Steel  Fins  (fig.  4);  l^'in.  pipe,  ,035  Steel  * 
Fins  (fig.  5);  \\£  in.  Copper  Tube  (I  3/8  in.  O.D.i 
.020  Ooppor  Fins  (fig.  6);  Kin  Hpucingw  21  to  100 
lineal  feet.  Lengths  2  ft.  to  20  ft. 

COMMERCIAL     •     INDUSTRIAL 
INSTITUTIONAL 
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t  Fin  Tubing 
and  Coils 


The  Kittling  Corp. 

1292-1 298  Niagara  St. 


Buffalo  13,  N.  Y. 

Manufacturers  of  Finned  Tube  Surfaces 
Baseboard  Heating  Unit  Heaters 

Finned  Tube  Convector  Radiators 
Cabinet  Type  Convectors        Blast  Coils 

Factory  Representatives  in  all  Principal  Cities 
(Consult  Classified  Telephone  Directory).  Complete 
Description  and  Specifications  in  Sweet's  Catalog  File 
Send  direct  to  factory  for  Catalogs  HR-49  andBC-50. 


BASEBOARD       HEATING 

(Custom-Model,  patented) 
Coils:  2  tubes,  5J  in.  x  2  in. 
fins  (non-ferrous)  available 
in  6  in.  ine  re  meats  of  2  ft 
to  1)  ft  maximum  length. 
Covers:  0  in.  increments  of 
2  ft  to  C  ft  maximum  length. 
4  101  )R  Hot  water  per  lineal 
ft.  Copper  Tube  and  Alumi- 
num Fin  Steel  Covers. 


FINNED  TUBE  CONVECTOR  RADIATOR 

l\    in.    copper    with    U    in. 

square  Aluminum  Fin  rated 

4.25  sq  ft    KDR  per  lineal 

ft.— 11   in.    IPS  Steel  Tube 

with  3  in,  .square  Steel  FJnw 

rated  4.25   sq   ft   KDR  per 

lineal  ft,  -JJ   in.   IPS  Steel 

Tube  with  4  in.  square  Steel  Fins  rated  5.91  sqft  EDR—2in.  IPS  Steel  Tube  with  4  in. 

square  Steel  Kins  rated  5.25  sq  ft  EDIl — Plain  Front-Perforated  Top  Covers  and  Wall 

Hung  Sloping  Top  Covens  available.  Baseboard  type  Enclosures,  fully  enclosed  or 

open  inlet  also  furnished  for  all  types  of  Finned  Tube. 


CABINET  CONVECTORS 

Six  cabinet  styleH  available 
with  ratings  from  7  to  132  sq 
ft  KDR  -Copper  Tube™ Al- 
uminum Fin  Heating  Ele- 
ments. 


COILS  BLAST 

Heating  and  Cool- 
ing. 
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UNIT  HEATERS 

Horizontal  and  Vertical 
Air  Discharge  from  100  EDR 
to  2,000  EDIl. 


Air  System  Equipment 


The  Rome-Turney  Radiator  Company 

Erie  Blvd.  East  Rome,  N.  Y. 

Manufacturers  of  Rome  Heat  Transfer  Surface 


IN  PHILADELPHIA  SEE  W.  H,  BUNTEN, 
1205  HAMILTON  ST  . 


IN  ST.  Louis  SEE  BBASS  AND  COPPER  SALES  Co., 
2817  EUCLID  AVE. 


IN  BUFFALO  SEE  J.  LANDER 
170  FRANKLIN  ST. 


Rome  Seamless  Copper  Finned  Tubing 
Rome  Helical  type  has  a  continuous  flat 
copper  fin  free  of  corrugations.  It  is 
ideal  for  Blast  Air  Heaters,  Refrigeration 
Condensers  and  other  compact  coils. 
Rome  Spiral  type  has  continuous  slightly 
corrugated  fin.  Most  suitable  for  appli- 
cations requiring  longer  length  tubes. 


ROME  CONVECTOR  RADIATOR 
THE  IDEAL  RADIATOR  FOR  HEATING 
HOMES,  OFFICES  AND  SCHOOLS. 


A  complete  range  of  sizes  is  available. 

Tube  Diameters  (O.D.)  from  J  in.  to 
IS  in. 

Fin  widths  from  ^  in.  to  -J  in. 

Number  of  fins  from  3  to  12  per  inch. 

Coils— furnished  from  continuous 
lengths  of  tube  with  or  without  joints, 

Long  straight  lengths,  hard  temper,  up 
to  25  ft  long. 

Long  straight  lengths,  soft  lumper,  in 
circular  coils. 


CUTAWAY  SECTION  SHOWING 

REPLACEABLE  HEADER   CONSTRUCTION 

OF  COPPER  HEATING  ELEMENT. 


ROME  FINNED  TUBE  PRODUCTS 

HOME  CONVECTOR  RADIATORS          HOME       REFRIGERATION       CON- 
ROME  BLAST  AIR  HEATING  COILS         DENHERS 

HOME  BLAST  AIR  COOLING  COILS      ROME  BASEBOARD  RADIATORS 
ROME    INTRRCOOLRRS  AND    AFTKRCOOLKRS 
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,  Fin  Tube 
Radiators 


Sfaaw-Perkins 

Company 

Pittsburgh  19,  Pa. 


CONVBCTOR-RADIATORS  ""     ~~ 

Developed  far  beyond  ordinury  types  of  radiators  and  correctors,  the  Shaw- 
Porkins  units  have  brought  to  radiation  pleasing  appearance  and  greater  operating 
economy  Users  have  boon  particularly  impressed  by  their  highly  efficient  heat 
distribution  in  residential,  marine,  hospital,  school,  office  and  industrual  applica- 
tions. Because  the  heating  medium  in  Shaw  and  Perkins  convector-radiators  is 
entirely  confined  in  heavy  copper  tubing;  and  rugged  non-ferrous  compression  fit- 
tings, 1  hese  units  are  entirely  free  from  the  corrosion  that  attacks  less  durable  metals. 

The  Shaw  Convector-Radiator 

li'li  i&t  r  I  ]  no  k>niuv  con  vector-radiator,  because  of  its  solidity  of  de- 

r  v  sign,  occupies  very  little  floor  space  and  blends  with  modern 

»L  *  i  m  m  interiors.  It  eliminates  the  expense  and  difficulty  encoun- 
tered in  recessing  the  more  bulky  types  of  radiators  or  con- 
vecl  ors.  (Combining  sturdy  construction  and  high  heat  out- 
put, in  a,  unit  only  3  in.  thick,  it  has  a  weight  less  than  half 
that  of  ordinary  radiators.  Unlike  ordinary  radiators  or 

/  cp n vectors,  the  Shaw  is  de- 
L,  signed  to  provide  a  mild  yet 
^  positive  radiant  heating  ef- 
_>  feet.  In  addition,  it  moves 
->  large  volumes  of  moderate 
->  temperature  air  to  produce 
•*  quick,  uniform,  and  econom- 
-» ical  heating  of  all  parts  of  the 
-*  heated  space.  The  wide  air 
-*•  spaces  and  smooth  plate sur- 
"*  faces  provide  permanent 
"*  cleanliness  and  permanent 
"*  high  efficiency  without  the 
perodical  cleaning  required 
by  other  equipment. 

The  Shaw  radiator  is  a 
complete  one-piece  unit,  combining  heat- 
ing element,  grille  andcabinet  in  a  factory 
assembled  sectional  type  unit.  The  sec- 
tional assembly  makes  possible  a  wide 
range  of  sizes  from  which  a  radiator  for 
the  smallest  office  or  the  largest  indus- 
trial space  can  be  chosen. 

Shaw  convector  radiators  are  designed 
to  operate  on  either  steam  or  hot  water 
systems. 


'  Thin 


Shaw 

Construction 
and  Operation 

The  steam  or 
hot  water  con- 
tained in  the  con- 
tinuous copper 
tube  gives  up  its 
heal  to  a,  series  of 
stool  plates  ex- 

tending throughout  the  entire  flue  height 
of  the  nidintor.  Largo  quantities  of  low 
tempo  rat  u  re  ;m%  passing  through  the  wide 
air  spaces,  pick  up  this  heat  from  the 
sniootii  plates  and  quickly  transfer  it,  to 
all  parts  of  the  room.  At  the  same  time 
the  exposed  mol.nl  surfaces  which  arc  also 
firmly  attached  to  the  copper  tube,  pro- 
vide a  mild  yet,  positive  proportion  of 
radiant  heat  'to  counteract  the  cooling 
effect  of  windows  and  outside  wails.  Be- 
cause those  two  methods  of  heat  transfer 
have  been  combined  so  effectively  in  one 
packaged  unit,  the  maximum  degree  of 
omfort  is  produced. 


comort  is 

The  Perkins  Convector-Radiator 

A  Modern  Radiator  for  Wall  or  Ceiling  Mounting 

The  Perkins  convector-rudiator  lias  been  designed  to 
move  largo  volumes  of  low  temperature  air  in  order  to 
produce  quick,  uniform,  economical  heating  whether 
vnill  or  ceiling  mounted. 

Unlike  other  ceiling  mounted  heating  equipment, 
Perkins  ceiling  radiators  uniformly  and  comfortably 
heat  spaces  of  average  height  because  they  eliminate 
excessive  stratification,  hot  blasts,  and  cokl  draft. 
Their  light  weight  reduces  the  load  on  the  ceiling  struc- 
ture and  their  5  in.  thinness  increases  headroom  to 
provide  more  usoable  space.  t 

Thin  advanced  radiator  embodies  a  heavy  copper  tube  arranged  in  the  lorai  or  a 


The  Perkins 


Ktcam  systems, 

Represented  in  all  principal  cities. 


Send  for  catalog 
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Air  System  Equipment 


The  Vulcan  Radiator  Company 

26  Francis  Avenue  Hartford  6,  Conn. 

MANUFACTURERS  OF  FINNED  TUBES  FOR  OVER  TWO  DECADES 


Vulcan  Radiation  is  used 
in  railroad  cars,  ships,  hos- 
pitals, schools,  churches, 
homes  and  industrial  plants. 
Available  in  steel  or  cop- 
per .  .  .  easy  to  install  .  .  . 
light  in  weight  .  .  .  requires 
few  fittings  and  supports 
.  .  .  tube  ends  threaded  or 
chamfered  for  welding.  Heat 
distribution  is  uniform. 
Steel  radiation  comes  in  two 
sizes  .  .  .  2  in.  IPS,  rated — 
5J  sq  ft  per  lineal  ft  at  1  Ib 
steam  and  70  dcg  air  .  .  . 
for  1J  in.  IPS  see  illustra- 
tion'— this  size  also  available 
in  copper. 


]i  in.  IPS,  rated— 4}i  MI  ft  per  Uncal  ft. 


Vulcan  Radiation  is  fabricated  by  mechanically  imbedding  offset  fins  or  plates  on 
seamless  steel  pressure  tube  or  copper  water  tube.  The  patented  offset  fin  construc- 
tion gives  complete  rigidity  to  the  entire  assembly  and  extends  the  heating  surface 
of  the  tube. 

Because  of  its  comparatively  light  weight  and  compactness,  Vulcan  Radiation  re- 
sponds quickly  to  thermostatic  control.  Full  heat  output  is  obtained  almost,  immedi- 
ately after  steam  is  supplied.  Since  most  of  the  heat  'us  given  off  by  convection,  the 
result  is  EVEN,  UNIFORM  HEAT  from  floor  to  ceiling; 


Vulcan 

Baseboard  Radiation  .  .  .  fin- 

on-tube  construction  with 
grille  covers  combines  ra- 
diant and  convection  heat- 
ing. High  safe  working 
pressure  . . .  either  hot  water 
or  two-pipe  steam  systems. 
Light  in  weight  .  .  .  easy  to 
install  .  .  .  requires  few  fit- 
tings or  supports.  Comes 
in  two  sizes  .  .  .  1-J  in.  IPS 
.  .  .  steel  fins  2J  in.  wide  by 
3|  in.  high.  Rated  4.0  sq 
ft  per  lineal  ft  with  St'cl. 
Front.  3.7  sq  ft  per  lineal 
foot  with  FS  front.  For  1 
in.  IPS  see  illustration. 
Also  available  in  copper. 


{  in.  IPS  . . .  steel  fins  2  in,  wide,  4*4 
in.  high,  Rated~8.G  sq  ft  per  lineal 
ft  <tt  1  Ib  steam  and  70  d€g  air  with  tftd. 
Front.  24  sq  ft  per  lineal  ft 
front. 


Contact  Representatives  in  Principal  Cities  or  Send  for  Catalog 
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Air  Si/Stem  Equipment  •  Refrigerating  Machinery 


Baltimore  Air  coil  Company,  Inc. 

715  West  Pratt  Street 
Baltimore  1,  Maryland 


B.A.C.  Evaporative  Condensers  are  made  in  two  standard  models — The  Model 
"U"  condenser  for  either  indoor  or  outdoor  installation  and  the  Model  "CPE"  for 
outside  installation  only. 

Base  Ratings  arc  at  40  deg  suction  temperature,  105  deg  condensing  temperature, 
78  deg  wet  bulb  using  Frcon-12  refrigerant.  All  B.A.C.  condensers  are  suitable  for 
either  Krcon  or  Ammonia  refrigerant. 


i  oiKstaadard  condensers  range  from  10TR  (tons  refrigeration)  to  210  TR 
(tons  refrigeration)Jn  a  single  unit  at  base  rating  conditions  and  the  B.A.C.  standard 
line  includes  52  different  sizes,  making  it  possible  to  select  a  standard  condenser  to 
match  practically  any  requirement  within  the  capacity  range  as  stated  above. 

B.A.C.  condensing  coils  are  all  prime  surface  full  weight  steel  pipe,  hot  dipped 
galvanized  after  Fabrication.  Multiple  circuit  condensing  coils  can  be  furnished 
when  required.  Pump  and  fan  motors  are  ball  bearing  type  with  special  tropical 
insulation.  Pumps  arc  close  coupled,  bronze  fitted,  with  mechanical  seals.  Sump  pans 
and  structural  angles  and  channels  used  to  reinforce  the  casing  are  all  hot  dipped 
galvanized. 

.-Model  "U"  The  Model  UU"  Evaporative  Con- 
denser has  "squirrel  cage"  fans  and  removable 
eliminator  section.  The  air  is  discharged  at  a  45 
deg  angle.  The  fan  section  can  be  rotated  LSI)  deg 
on  the  coil  section.  The  air  intake  can  be  on  either 
side  by  interchanging  tho  air  inlet  screen  with  the 
sump  pan  access  door.  The  three  above  features 
make  the  standard  Model  "U"  suitable  for  16 
different  installation  arrangements  without  the 
removal  of  a  single  bolt  or  screw.  Large  access 
doors  provide  admittance  to  sump  pan  and  fan 
section  for  maintenance  and  servicing.  Tho  Model 
"U"  condenser  is  normally  shipped  in  two  com- 
plete sections  ready  for  installation. 


Model 

The  Model  UGPK" 
Evaporative  Con- 
denser is  very  effi- 
cient, requiring 
approximately  40 
per  cent  less  horse 
power  to  operate  than  conventional  condensers  of 
equal  capacity  and  is  much  more  compact^  The 
large  wide  blade  propeller  fan  is  extremely  quiet  in 
operation.  The  moving  parts  are  reduced  to  a 
minimum  and  are  so  located  that  repair  and  main- 
tenance costs  are  exceedingly  low.  This  model 
condenser  in  particularly  suited  for  "dry  coil"  op- 
eration in  winter  due  to  the  air  handling  charac- 
teristics of  the  propeller  fan.  "CPE"  condensers, 
due  to  their  compact  design,  are  built  and  shipped 
in  one  pioco  ready  for  iastallation, 
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(  Refrigerating 
Machinery 


Curtis  Division 

of  Curtis  Manufacturing  Company 
1959  Kienlen  Ave.,  St.  Louis  20,  Mo.,  U.  S.  A. 


ESTABLISHED  1854 


NKW  YORK  OFFICE 
30  VESEY  ST. 

Full  Line  of  Units 
from  }^  to  30 -hp 


CHICAGO  OFFICE 
9  S.  CLINTON  ST 

Unit  Coolers  and 
Evaporator  Coils 


PRODUCTS:  Complete  Refrigerating  Equipment  for  Dairies,  Creameries,  Ice  Cream 
Cabinets,  Ice  Cream  Making  Plants,  Cold  Storage  Locker  Systems,  Walk-in  Coolers, 
Drinking  Water  Systems,  Commercial  and  Low  Temperature  Cooling,  Processing  and 
lir  Conditioning  Installation,  Packed  and  Remote  Types. 


M  to  J  a  7*p  Self-Contained 
Condensing  Unit. 


\Yi,  hp  Air  Cooled  Condensing 

Unit.    Other  sizes  from 

UtoS  hp. 


S  and  5  ton  Packaged  Type  Air 
Conditioner. 


Commercial  Refrigeration 

Air  cooled  condensing 
units  from  ^  to  3  hp, 
inclusive,  and  water 
cooled  units  from  J/£  to  30 
hp,  inclusive.  All  models 
available  for  either  Frcon 
(F-12)  or  Methyl  Chlo- 
ride. Mechanical  ad- 
vantages include  Timken 
Bearings,  Centro-Ring 
Positive  Pressure  lubri- 
cation. 

Special  models  are 
available  for  ice  cream, 
frozen  food  cabinets  and 
for  the  dairy  industry. 

Air  Conditioning 

For  today's  Air  Con- 
ditioning requirements 
Curtis  offers  complete 
packaged,  refrigerated 
air  conditioning  units, 
requiring  only  water  and 
electrical  connections  to 
install.  Cools,  dehumidi- 
fies,  circulates  and  filters 
the  air.  Eliminates 
costly  installation  ex- 
pense. Adaptable  for 
heating. 


1178 


/?  hp  Water  Cooled  (Counterjlow) 

Condensing    Unit.    Other  size& 

from  }{}  to  J  hp. 


IS  hp  Clmnabl®  Shell  and  Tube 

Condensing  Unit,    Oth^r  sizes 

from  9  to  Hi)  hit. 


t\  jrtO-18  ion  KemotRor  Central 
Type  Air  Conditioner 


Air  System  Equipment 


,  Refrigerating 
Machinery 


ATLANTA 

BOSTON 

BUFFALO 

OHAKLQTTE 

CHICAGO 

CINCINNATI 

DALLAS 

KANSAS  CITY 

Los  ANOELES 


Frick  Company 

(Incorporated) 

Air  Conditioning,  Refrigerating 
and  Ice-Making  Equipment 

Waynesboro,  Penna. 


Distributors  in 


Principal  Cities 


MEMPHIS 

NEW  ORLEANS 

NEW  YOBK 

OKLAHOMA  CITY 

PALATKA 

PHILADELPHIA 

PITTSBURGH 

ST.  Louis 

SEATTLE 

WASHINGTON 


Enclosed  Freon-lS 
Machine.   Bulletin  SOS. 


AIR  CONDITIONING 

Complete  Frick  Systems;  also  refrig- 
eration for  use  with  equipment  supplied 
by  others.  Thousands  of  installations 
attest  the  value  of  Frick  air  conditioning. 
Successful  experience  with  exacting  com- 
mercial and  industrial  jobs  enable  us  to 
solve  your  problems. 

FREON-12  REFRIGERATION 

Frick  NEW  "ECLIPSE1' and  the  larger 
F-12  compressors  provide  a  complete  and 
efficient  line.  Coils,  coolers,  condensers 
and  controls  to  suit.  Patented  Flexo- 
Seal  at  shaft,  pressure  lubrication  from 
submerged  pump,  capacity  controls,  and 
other  superior  features  make  Frick 
machines  your  logical  choice. 

AMMONIA  REFRIGERATION 

Combined  units  and  vertical  enclosed  compressors,  with  two 
or  four  cylinders,  in  sizes  from  |-ton  up.  Widely  used  for  air 
conditioning,  with  material  savings.  Ask  for  Bui.  503  on  this 
subject. 

LOW-PRESSURE  REFRIGERATION 

Commercial  and  industrial  units  in  sizes  from  J^  hp  up. 
Charged  with  Freon-12.  Air  and  water-cooled  condensers. 
Coils,  coolers,  and  air  conditioners.  Get  in  touch  with  your 
Frick  Distributor;  ask  for  Bui.  97.  Our  service  includes 
estimates,  layouts,  manufacture,  installation,  and  mainte- 
nance. 


Ask  for  Frick  Bulletins 

502,    503,    504,    and    505 

on  Air  Conditioning 


Enclosed  Ammonia 
Compressor.   Bulletin  11 


on-12  Compressor. 
JiulUtin  WO. 


Combined  I* nit 
'  "WUrttK" 
'Mor,  Hullctin  Ibfi 


Low  Pressure 

Refrigerating  Unit, 

Bulletin  97. 


Tiro  (>-Cul.  NEW  "ECLIPSE"  Compressors  at  the  Baxter  Laboratories, 
Morton  Crone,  III, 
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Air  System  Equipment 


Mario  Coil  Co. 

6135  Manchester  Ave..  St.  Louis  10,  Mo. 


Manufacturers 


Equipment 


Industrial  Coolers — Unit  Coolers — Evaporative  Condensers— Low  Temperature  Units- 
Air  Conditioning  Units— Heating  and  Cooling  Coils—Cooling  Towers —Dies el  Engine 
and  Oil  Evaporative  Coolers. 

COOLING  TOWERS 

Triple-Typo;  Induced 
Air— Wetted  Surface- 
Wat  er  Spray.  Com- 
pact in  space,  weight 
and  price.  Outdoor 
—Indoor— 3  to  100  tons 
—Built  sectionally. 
Write  for  Bulletin  406. 

EVAPORATIVE 
CONDENSERS 

3  to  100  tons— All  re- 
frigerants— All  prime 
surface  coils — No  fins 
—Quiet— Motor  Uni- 
drive.  Indoor  or  out- 
door units — Durable 
construction.  Write 
for  Bulletin  4Q4. 

INDUSTRIAL 
COOLERS 

15  unit  sizes — 1000  to 
24,000  cfm-— Floor 
typo.  Galvanized 
frame  atid  pans— Sec- 
tionally built.  Vari- 
ables: (I)  Rows  of  coil 
and  fin  spacing.  (2) 
Circulating  brine 
spray  or  dry  coiL  (3) 
Defrost  sprays  op- 
tional (4)  All  Refri- 
gerants. Write  for 
Bulletin  403. 

BLAST  COILS  Air  conditioning — Industrial  Refrigera- 
tion. Write  for  Bulletin  396.  Heating.  Write  for  Bid- 
to>t495.  Any  material— All  refrigerants — Kvery  appli- 
cation. ''BALL-BONDED''— mechanically  expanded 
tubes  to  fins. 


UNIT  COOLERS 

Pull-through  (DUC)  and 
Blow-through  (UC) 
types — for  all  refriger- 
ants. 11  unit  sizes — 4 
and  6  row  coils— full 
range  of  capacities.  675 
to  4160  cfm — Venturi  fan 
ring — Deflector  louvers. 
Sturdy  —  Economical  — 
Quiet.  Also  Wall  Panel 
Type.  Write  for  Bul- 
letins 412  and  392. 


AIR  CONDITIONING  UNITS 

Cooling — Heating  —  Dehumidify- 
ing — Humidifying.     10  sizes— 3  to 
35  tons— 900  to  13,000  cfm. 
Write  for  Bulletin  409. 


ELECTRIC  DEFROST  LT  UNITS 

Compact  ceiling  type 
— High  capacity— 
Low  cost.  7  sizes- 
Ammonia  or  Freon— 
1A  to  2J^  tons  at  12 
deg  TD.  Defrosted 
electrically.  Quickly 
installed  —  Sectional 
doorway -sized.  Write 
tor  Bulletin  40$. 
Write  for  informal  ion 
on  other  units  of  vapo- 
defrost  type*. 
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Air  System  Equipment  •  Refrigerating  Machinery 


Mills  Industries,  Incorporated 
4100  Fullerton  Avenue  «  Chicago  39,  Illinois 

Mills  Compression  Equipment 
for  Air  Conditioning  *  Commercial  and  Industrial  Refrigeration 


COMPRESSOR 

2J  in.  x  3  in.  four  cylinder, 
vertical,  single  acting,  reciprocat- 
ing type  .  .  .  heavy,  one  piece 
ill  loved  semi -steel  cylinder  block 
and  crankcase  .  .  .  oil  sight  glass 
.  .  .  alloy  semi -steel  pistons,  two 
compression  rings,  one  oil  ring  .  .  . 
hardened  piston  pins  .  .  .  drop 
forged  steel  connecting  rods  .  .  . 
bronze  piston  pin  bearing  .  .  . 
bronze  main  bearings  .  .  .  exclu- 
sive Mills  design  shaft  seal. 

CONDENSING  UNIT 

Base  of  cast  iron  ends  and 
formed  steel  sides  ,  .  .  shell  and 
lube  type,  receiver  condenser  with 
removable  heads  and  leak  alarm 
fittings  .  .  .  complete  with  auto- 
matic water  valve,  starting  box, 
low  pressure  control  with  high 
pressure  safety  cut-out  .  .  .  com- 
plies with  Underwriters*  specifica- 
tions .  .  .  dynamically  balanced  and 
non-vibrating,  light  in  weight,  compact, 
requiring  a,  minimum  of  floor  space.  Mills 
(  'ondens'ing  Units  are.  economical  to  oper- 
ate and  maintain.  Condensing  units  are 
shipped  ready  to  operate.  No  special 
foundations  are  necessary. 

APPLICATIONS 


Refrigeration  in  air  conditioning  appli- 
cations  for  comfort,  food  preservation, 
and  industrial  uses  for  processing  and 
t  est  i  ng.  ( 'Oinpac  t  ness  of  condensing  units 
nh'ike  them  ideal  for  self-contained  ap- 
plications. 

ENGINEERING 

Mills  Industries,  Incorporated  main- 
tain an  engineering  test  laboratory  as 
n  service  to  their  customers,  equipped 
with  three  hot  rooms,  calorimeter,  in- 
dicating and  recording,  pressure  and 
electrical  instruments  and  all  apparatus 
necessary  for  a  thorough  analysis  of  the 
use  of  condensing  units  to  any  manufac- 
turer's product  or  field  applications. 


"S 

43 

1 

IH 

[bfl 

CD 
CQ 

s 

VJQ 

Q 

a  a 
Cj""1 

1 

57 
Q 

1 

OJ 

w 

| 

Slip 

480 

16.37 

65000 

63" 

2Qi" 

32" 

895  lb 

7*  lip 

700 

23.8(5 

90500 

63* 

29|" 

32" 

945  lb 

10  hp 

890 

30.34 

115000 

63" 

30" 

34" 

1050  lb 

CAPACITIES  AT  40° 
SUCTION  GAS 


Air  cooled  models  from  ]4.  to  3  hp. 
Water  cooled  models  from  l/$  to  10  hp. 
Combination  air  and  water  models 
From  H  to  3  hp. 

All  models  are  designed  for  use  with 
Freon-12  or  Methyl  Chloride  refrigerants 
for  low,  standard,  and  high  back  pres- 
sures, for  operation  throughout  the  com- 
plete range  of  temperatures. 

Compressors  are  designed  for  low  head 
temperatures  and  high  volumetric  effi- 
ciency. 

Condensers  are  matched  lo  the  per- 
formance ranges  of  each  compressor. 


A  Member  of  the  Mills  Field  Organization  is  Near  You  And  at  Your  Service 
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Air  System  Equipment  •  SSSg 


7250  East  Slauson  Avenue, 
Los  Angeles  22,  California. 


Manufacturers  of  Air  Conditioning 
and  Commercial  Refrigeration  Equipment 


RECOLD  AIR 
CONDITIONERS 

Floor  and  ceiling  units  in  a  wide  range  of  sizes  up 
to  17,000  cfm.  For  cooling,  dehumidifying,  filter- 
ing, heating  and  humidifying.  Totally  enclosed 
units,  with  large  access  doors  to  motor,  expansion 
valves  and  coil  connections. 


A>'r  (tonditinnim)  Units 


Evaporative  Condensers 


DRI-FAN  EVAPORATIVE 
CONDENSERS 

The  Ul)ri-Fan"  principle  places  the*  fan  in  (he  in- 
let air  stream  rather  than  in  (he  outlet  air  .stream, 
thereby  keeping  moisture  from  the  fan  section, 
eliminating  rust  and  corrosion.  Sizes  from  5  to  150 
tons,  for  Freon  or  Ammonia.  Unique  construction 
provides  completely  wealed  access  doors  without 
use  of  gaskets  or  fasteners  of  any  kind.  ( J«I vaziizcd 
construction. 


RECOLD  AIR 

CONDITIONING  COILS 

For  direct  expansion,  chilled  water,  hot  water 
and  steam.  Complete  range  of  sixes  to  moot  all 
conditions  and  capacities. 


Air  (lowlitunnng  (\>\ 


Dri-Fan  Cooling  Towert 


DR1-FAN  COOLING  TOWERS 

Thitfis  a  companion  piece  to  the  ''Dri-Kan"  Evaporative 
Condenser.  Construction  also  embodies  the  Ul)ri-Fan" 
principle  and  the.  same  type  of  const  ruction  that  is  used  in 
Uccold  Evaporative  condensers.  For  use  with  Freon  or 
Ammonia,.  Sizes  from  10  to  450  gpnis.  Galvanized  con- 
struction. 

Write  For  Complete  Catalog  and 
Name  of  Distributor  Nearest  You. 
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Refrigerating 
Machinery 


Servel,  Inc. 

Electric  Refrigeration  Division 
Evansville  20,  Indiana,  U.S.A. 


SERVEL  SUPERMETIC 


Servel  Supermetic  3  HP  condensing  unit. 

Serve!  offers  a  complete  line  of  her- 
metic: condensing  units  designed  for  all 
popular  requirements  in  the  commercial 
refrigeration  and  air  conditioning  field. 
Sizes  range  from  H  to  5  hp,  with  a  wide 
selection  of  both  air  and  water  cooled 
models.  Servel  Supennetie  units  are 
compactly  constructed  of  highest 
quality  materials. 

Through  careful  workmanship,  simpli- 
fied design 
and  many 
new  im- 
provements, 
Servel  Su- 
p  e  r  me  t  ic 
condensing 
units  are 
today  out- 
standing for 
dependable 
o  perating 
efficiency , 
ease  of  in- 
stallation 
and  economy  of  maintenance.  All  mov- 
ing parts  are  machined  and  finished  to 
microscopic  accuracy,  thus  assuring  long 
and  dependable  service.  Force-feed  lu- 
brication on  every  bearing,  wrist  pin  and 
piston  provides  a  constant  film  of  oil  to 
guard  against  wear  and  prolong  the  life  of 
every  vital  part. 

Electrical  accessories  and  inter-con- 
nections are  fully  connected  ready  to  run. 
All  units  are  completely  dehydrated,  fur- 
nished with  holding  charge  of  Freon-12 
and  normal  charge  of  approved  oil. 


Fractional  HP  Power  Units 
k  HP  to  I  HP, 


FOR  MANUFACTURERS  AND  CON- 
TRACTORS—Servel  offers  a  choice  of 
complete  units,  power  units  and  "sys- 
tems" for  practically  all  types  of  fixture 
requirements.  Servel  Supermetic  is 
ideally  suited  for  window  units,  room 
coolers,  store  coolers.  Truck  body 
builders  also  find  Servel  Supermetic  fully 
meets  their  requirements  for  dependable, 
low-operating  cost  refrigeration. 

Servel Js  Engineering  Department  will 
be  glad  to  cooperate  in  a  selection  of 
components  and  extend  product  testing 
assistance  in  its  factory  laboratories. 
Sample  units  are  available  to  responsible 
manufacturers  without  obligation.  Field 
sales  representatives  will  be  glad  to  make 
appointments  for  consultations  on  these 
matters  upon  request. 

FOR  DISTRIBUTORS—Servel  offers 
its  complete  line  of  hermetically  sealed 
and  belt-driven  condensing  units  to  all 
parts  of  the  world  through  franchisee! 
distributors  and  authorized  retailers. 
Sales  and  service  assistance  is  extended 
these  customers  by  field  representatives 
and  factory  personnel. 

THE  SERVEL  5-YEAR  PROTECTION 
PLAN— covering  J£,  >£,  34  and  %  hp  Steel 
Case  Supermetic  Condensing  Units. 
This  plan  makes  your  product  easier  to 
sell  .  .  .  helps  increase  dealer  sales  .  .  . 
assures  better  service  to  users  . .  .  builds 
good  will  for  your  products  . , .  eliminates 
the  cost  of  handling  parts  for  you.  Get 
all  the  facts  on  the  plan  that  was  designed 
to  help  you. 

Address  inquiries  to  Servel,  Inc.,  Elec- 
tric Refrigeration  Division,  Evansville 
20,  Indiana. 


Four  and  six-cylinder  'power  units 
1  HP  to  5  HP. 
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ir  System  Equipment  * FaQS  and  Blowers 


American 


Corporation 


3606  Mayflower  Street,  Jacksonville  3,  Florida 

Exhaust  Fans  and  Related  Equipment  for  Industrial  and  Home  Cooling. 
Authorized  Distributors  and  Dealers  in  Most  Communities 

District  Sales  Managers: 


COOLAIR  BELT  DRIVE  FANS  are 
specifically  engineered  to  move  large 
volumes  of  air  quietly  and  at  low  cost. 

CERTIFIED    RATINGS,     UL     LABEL 

Coolair  Fans  arc  rated  in  accordance 
with  the  ASIIVK  Standard  Test  Code  for 
Centrifugal  and  Axial  Fans  (1938).  In 
addition,  fans  up  to  and  including  the 
62  in.  sixes  are  rated  by  the  .4  &  M  Col- 
lege of  Texas  and  listed  under  the  He- 
examination  Service  of  Underwriters' 
Laboratories. 

SKF  BALL  BEARINGS  in  all  models. 


TYPES  H  and  C— For  commercial  and 
home  UHC.  Type  II  is  equipped  with 
sound-absorbing  springs,  assuring  ex- 
tremely quiet  operation.  U.  S.^  Patent 
2191418.  Type  C  is  similar  but  with  rigid 
frame  and  heavy  duty  blades,  for  com- 
mercial and  industrial  use. 


Write  for  special  bulletins  and  catalog 
sheets  on  above  units,  and  the  following 
equipment  not  shown  here:  Window 
Fans,  Attic  Packages,  Shutters,  Direct 
Drive  Fans. 


CONDENSED  PERFORMANCE  DATA  and 

DIMENSIONS 
Coolair  V-Belt  Drive  Exhaust  Fans 


TYPE    H    (Ultra-quiet,    spring-mounted) 


05  ot  01  *».  co  03  to  Blade  dia. 
^  0,0  ^oo  too,  (inches) 

hp 

rpm 

cfm 

Overall  Dim. 
(inches) 

Ht. 

Width 

>0 

x,x 

K,*A 
M,  H 

J4  5a 

H,  ?4 

H,?* 

490 
420,  475 
331,371 
291,  326 
284,  318 
242,  272 
216,  241 

4350 
7730,  8620 
9800,  11050 
13300,  14670 
17250,  19300 
20000,  22500 
24400,  27200 

30^ 
365/6 
425^ 
49 
55M? 
61H 
67^ 

30^ 
36% 
42M 
49 
55M 
81H 
67$i 

TYPE  HT  (Ultra-quiet  TWIN  UNITS) 


26 

38 
44 
50 


H 


468 

361,  420 
326 

317 

284 


8400 

13000,  15460 
19300 
28800 
34500 


49 


98 
110)4 


TYPE  C  (Commercial,  Rigid  Frame). 


26 
32 
38 
44 
50 
56 
62 


M  to  Yi  608  to  784 

"  "  &55'  6!>! 

&  tO  1  ' 


I,  L/2 

1  to  2 
I  to  3 


4700  to  5930 
8850,  10100 

411  to  524  10900  to  13600 
372  to  473  15110  to  18650 

21200,  23700 
300  to  370  24300  to  30000 
261  to  369  29300  to  41500 


30H 


TYPE  CT  (Commercial  Twin  Units) 


% 

IA  y* 

528,  608 

7750,  9400 

305 

3? 

% 

503 

15500 

3  4 

395 

20300 

44 

1 

337 

27100 

49 

50 

320,  351 

38600,  42600 

W, 

TYPES  HT  and  CT— These  twin  units 
often  fit  perfectly  where  limited  space 
prevents  use  of  a  single  fan  big  anough 
for  the  job.  U.  S.  Patents  2109838, 
210141S. 

TYPE  S  and  SX  For  large  industrial  ~1J} 
jobs.  Heavy-duty  double  frame  con-  108 
si  ruction,  pillow-block  ball  bearings, 
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TYPK  S  (Industrial  Units) 


"72  if  "to  5    155  to  270  35000  to  w „.  .-,. 

84  12  to  7^170  to  270  5800_OjtoJ5000U7^ 


87 


TYPK  SX  (Industrial  Units) 


3  to  10 
5  to  15 

150  to  225 
150  to  215 

80000  to  120000 
110000  to 
154000 

99  ^ 

99 
HIM 

Air  System  Equipment  •  Fans  and  Blowers 


Bayley  Blower  Company 

1817  S.  Sixty-Sixth  Street       Branches  in  Principal  cities       Milwaukee  14, 
Builders  of  Heating,  Ventilating,  Cooling,  Purifying,  Humidifying  and 
Air  Washing  Equipment ;  Exhaust  and  Drying  Apparatus,  Mechanical 
Draft  and  Blast,  Fans  and  Blowers  of  all  Types 


TYPE  "F"  PLEXIFORM  FANS  AND 

TYPE  "AP"  AEROPLEX  FANS 
Plexif orm.  and  Aeroplcx  Fans  arc  both  designed 
for  heating,  ventilating  and  air  conditioning 
service.  The  Type  "F"  fan  is  using  a  multi- 
blade  wheel  (see  cut  at  left)  while  the  type 
"AP"  fan  is  built  around  a  wheel  of  high  speed 
design  (see  cut  at  right.) 


The  wheels  determine  the 
character  of  the  perform- 
ance or  the  fan  "Character- 
istics," thus  the  Type  "F" 
is  a  slow  speed  fan  having  a 
rising  power  curve,  while  the 
"AP"  is  a  high  speed  design 
and  has  self -limiting  power 
characteristics.  Both  fans 
are  highly  efficient  and  can 
be  built  single  inlet,  single 
width,  or  double  inlet, 
Type  "EX"  Fans 

For  all  exhaust  problems,  pneumatic 
convoying,  fume  exhaust,  etc.  "EX" 
is  highly  adaptable, 
feasible  and  serviceable 
fan.  It  is  sturdy  in  con- 
struction, easily  installed 
and  maintained.  The 
design  is  reversible  and 
standard  sizes  Nos.  15 
to  SO  inclusive  are 
available. 


double  width  in  ten  different 
arrangements  of  drive  and 
eight  directions  of  dis- 
charge. The  standard  fans 
range  in  capacity  from  1200 
to  300,000  cfm  and  these  fans 
arc  readily  available  in 
Class  1  or  II  designs  for  vari- 
ous types  of  duty,  Class 
III  and  IV  can  be  furnished 
on  special  application. 
Type  "H"  Fans 

For  pressure  applications  from  6  in. 
to  42  in.  for  belt  drive 
or  direct  connection 
to  motor,  Type  "H"  is 
a  most  practical  de- 
sign. Standard  sizes 
Nos.  25  to  80  are 
listed  but  the  design 
is  suitable  for  modi- 
fication of  wheel  di- 
ameters to  moot 
various  motor  speeds. 


Both  "EX"  and  "H"  fans  can  be  designed  to  fit  specific  applications.  The  design 
permits  easy  modification  of  details  and  the  fans  can  be  used  for  induced,  form!  draft, 
cupola  service,  primary  or  secondary  air  supply  to  oil  burners,  etc.  Special  dot  ails, 
outlet  and  inlet,  or  mounting  can  be  designed  to  suit  your  special  assembly. 


Turbo  Spray 
The  Turbo  Spray  for  industrial  and 
comfort  conditioning,  cooling  and 
humidifying,  is  a  practical  design  as  the 
atomization  is  by  mechanical  means, 
thus  there  can  bo  no  clogging  or  inter- 
ruption of  service  even  in  atmosphere 
heavily  laden  with  fibers  or  other  foreign 
material.  Single  or  multiple  bank 
washer,  one  or  two  stage  designs  can 

be  furnished 
from  2500  to 
100,000  cfm 
capacity.  To 
fit  space  re- 
quirements 
width  and 
height  can 
be  modified 
to  suit. 


Chinook  &  Chinookfin 
Both  Chinook  and  Chinookfin  Coils  are 
based  on  the  tubo-wxthin-a-tube  design, 
produced    by    Buyley.     The    principle 
involved  permits  single  header  with  ail 
tube  ends  froo  expanding,  thus  elimi- 
nating  the   likeli- 
hood     of      freeze 
tips   and   cracking 
usually  due  to  ex- 
pansion  and   con- 
traction     strains. 
Both  type  coils  are 
designed  for  usual 
hot     blast     heat™ 
i  ng      and      cover 
a     wide      range 
of  capacities  and 
applications. 
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The  &  Babcock          Co. 

Massachusetts  Blower  Division 
4901  Hamilton  Ave.  Cleveland  14,  Ohio 


SQUIRREL  CAGE  AND  POWER  FIXED  FANS 

Squirrel  Cage  Fans,  outstanding  in  performance, 
slow  speed  characteristics. 

Power  Fixed  Fans  are  backward  curve  blade 
type,  with  non-overloading  characteristics. 
Double  width,  double  inlet,  Class  I  or  Class  II 
construction.  Rating  and  dimension  tables  avail- 
able. Sizes  13M  in.  to  86H  in.  wheel  diameter, 
single  and  double  width.  Write  for  catalogs. 


The  new  Design  2  Air  Conditioning  Furnace  Blowers  arc  now 

available,  with  a  wide  variety  of  stock  combinations  and  dis- 
charge arrangements.  They  can  be  furnished  in  special  widths 
or  in  multiples.  Also  available  are  wheel  assemblies,  housings 
and  housing  sides.  Wizos  7  in.  to  27  in.  wheel  diameter. 
Write  for  catalog. 


Unit  Heaters.  Blower  type*  Floor  and  Ceiling 
type  made  in  13  standard  sizes,  with  regular  or 
non-frccze  coils,  filter  and  damper  sections.  Rat- 
ings from  50,000  Btu  up.  Propeller  Fan  type  "H," 
Horizontal  made  in  16  sizes.  Type  "V"  Vertical 
projection  for  ceiling  mounting.  Write  for  cata- 
logs for  full  information. 


Propeller  Fans  available  with  Bolt  drive  with  wheel  sizes  24  in.  to 
48  in.  Direct  Drive  with  wheel  sizes  12  in,  to  30  in.  Both  types 
available  with  single  or  2  speed  motor.  A  complete  line  of  Auto- 
matic Shutters  and  Fan  Houses  are  obtainable.  Write  for  catalog. 


Air  Washers.  Four  types  available—Type  A  to  be  used  when 
cooling  is  secondary  to  cleansing.  Type  B  to  be  used  when  as 
much  cooling  effect  is  desired  as  possible  without  Mechani- 
cal Refrigeration.  TypeC  is  to  be  used  in  cooling  and  cleans- 
ing air  in  conjunction  with  the  use  of  Mechanical  Refrig- 
eration only;  and  Type  D,  identical  to  Type  A  except  that 
flooding  nozzles  have  been  omitted. 
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Forge  Company 

450  Broadway,  Buffalo,  N.  Y. 

Manufacturers  of  Unit  Heaters,  Multiblade  Fans,  Air  Washers,  Unit  Coolers,  Drying 
Equipment,  Mechanical  Draft  Fans,  Air  Preheaters,  Blowers,  Exhausters,  Disk  Fans, 
Spray  Nozzles.  For  Complete  Information,  Write  for  Bulletins,  or  See  Your  "Buffalo" 
Representative. 

REPRESENTATIVES 

ALBANY  7,  N,  Y.,  R.  B.  Taylor,  966  Broadway;  ATLANTA,  GEORGIA,  J.  J.  O'Shea,  305  Techwood  Dr., 
N.  W.;  BALTIMORE  J,  MD..  C.  A.  Conklin  III,  1014  Cathedral  Street;  BOSTON  76,  MASS.,  E.  D.  Johnson, 
507  Main  Street,  Melrose  Station;  CHICAGO  6t  ILL.,  Krumert  &  Trumbo,  20  N.  Wacker  Drive;  CINCIN- 
NATI 2,  OHIO,  S.  O.  Johnson,  026  Broadway;  CLEVELAND  18,  OHIO,  Weager  &  Sherman,  418  Rocke- 
feller  Building;  DALLAS  1,  TEXAS,  T.  H,  Anspacher,  Mgr.,  1801  Tower  Petroleum  Bldg.;  DAVENPORT, 
IOWA,  D.  C.  Murphy  Co.,  305  Security  Bldg.;  DEN  VER  17,  COLO.,  Hendrie  &  Bolthoff  Mfg.  &  Supply  Co., 
Box  5110;  DES  MOINES  U,  IOWA,  D.  C.  Murphy  Co.,  840  Fifth  Avenue;  DETROIT  16,  MICH.,  Coon-De- 
Visser  Co.,  2051  W.  Lafayette  Blvd.;  GREEN  VILLE,  S,  C.,  Roy  A.  Stipp,  228  N.  Main  Street;  HO  USTON  8. 
TEXAS,  D.  M.  Robinson,  407  Scanlon  Bldg.;  INDIANAPOLIS  4,  2ND.,  S.  K  Fensterrnaker  &  Co.,  937 
Architects  &  Builders  Bldg.;  KANSAS  CITY  6,  MO.,  W.  K.  Dyer,  1808  Federal  Reserve  Bank  Bide.: 
KNOX  VILLE  12,  TE NN., C,  F.  Sexton,  702  Empire Bldg., P.O.  "Box  2224:  LOS  ANGELES  13,  CALIF., 
Halladay  &  KmutIT,  804  Perehing  Sq.  Bldg.;  LOUISVILLE  2,  KENTUCKY,  H.  M.  Lutes,  633  South  Fifth 
Street;  MEMPHIS,  TENN.t  Humphrey-Wynne  Co.,  713  Sterick  Bldff.;  MIAMI  83,  FLA.,  H.  L.  McMurry 
&  Co.,  2953  S.  W.  32nd  Ave.  MINNEAPOLIS  S,  MINN.,  E.  Floyd  Bell,  2102  Foshay  Tower;  NEW  ORLE- 
ANS 12,  LA.,  Devlin  Brothers,  1003  Maritime  Bldg.;  NEW  YORK  7,  N,  Y.,  Koithan  <fe  Johnson,  39  Cort- 
landt  St.;  NEWARK  2,  N.  J.,  G.  C.  Norman,  27  Washington  St.,  Hm.  205;  OMAHA  S,  NEBR.,  Wain 
Engineering  Co.,  415  Brandois  Theatre  Bldg.;  WILKES-BARRE,  PA.,  Power  JOnginewingCo.,  517  Brooks 
Elds.-,  PHILADELPHIA,  PA.,  Davidson  &  Hunger,  1200  Cunard  Bldg.;  PITTSBURGH,  I>A..  ILL. 
Moore,  345  Fourth  Ave.;  ST.  LO  UIS  S,  MO. ,  J.  W.  Cooper,  2118  Pino  Street:  SALT  LAKE  CITY  1,  UTAH, 
Pace  <fc  Turpin,  3726  South  Third  West  Street;  SAN  ANTONIO  G,  TEXAS,  Langhammer  Rumrael  Co.,  300 
Blum  St.;  SAN  FRANCISCO  S,  CALIF.,  Chas.  W.  Lockhart,  1214  Central  Tower  Bldg.;  PORTLAND, 
ORE.,  Arthur  Forsyth,  3150  Elliott  Avenue;  TAMPA,  FLA.,  H,  L.  McMurry  Co.,  r{  Pcmn.sulur  Warehouse 
&  Tor.  do.,  411  Hampton  St.;  TOLEDO  $,0/270.,  Carl  M.  Eyater,  1118  Madison  Avenue;  WASHINGTON 
5,  D.  C.,  G.  S.  Frankel,  Mgr.,  310  Woodward  Bid*?.;  ROCHESTER.  4,  N.  Y.,  R.  Moyer,  846  Sibley 
Tower  Bldg,  Complete  Lino  Manufactured  in  Canadian  Branch  by  Canadian  Blower  &  Force  Co.,  Ltd., 
KITCHENER,  ONTARIO 


TYPE  "LL"  FANS.  Designed  to  ventilate  large  areas 
economically,  these  fans  have  the  "Limit-Load"  character- 
istic which  makes  motor  overload  impossible.  Many  new 
size«,  to  allow  exact  selection,  for  the  job.  BULLETIN 
3675. 

AXIAL  FLOW  FANS.  For  straight-line  duct-mounted  in- 
stallation in  ventilating  or  air  conditioning  service,  these 
light,  efficient,  space-saving  fans  also  have  the  "Limit- 
Load"  feature.  BULLETIN  3533-0. 

AIR  WASHERS.  Available  in  combinations  for  air  spray 
ing,  surface  cooling,  heating  and  filter  cleaning  to  produce 
any  desired  air  condition.  Simple  installation,  mainte- 
nance requirements.  BULLETIN  8142-1). 

BREEZO-FIN  HEATERS.  Economical,  attractive  units 
finished  in  dull-lustre  metallic  brown.  Suspended,  out  of 
the  way,  they  get  quick  heat  where  you  need  it,  Heating 
element  is  one-piece  copper  tube  with  .square  copper  fins, 
spaced  for  maximum  radiation.  BULLETIN  3137-1). 

INDUSTRIAL  EXHAUSTERS.  Made  with  ^  sturdy,  all- 
welded  wheels  and  housings  for  more  efficient  air  or  material 
handling.  Models  for  hot  or  corrosive  g&scH.  BULLETIN 
3576. 

PC  CABINETS.  Compact  air  conditioning  units  for  (1) 
simple  cooling,  (2)  cooling  and  de-humidifying,  (3)  heating 
and  humidifying,  (4)  continuous  air  cleaning,  Kasily  .ser- 
viced. BULLETIN  502-A. 


11,88 


Air  System  Equipment  •  Fans  and  Blowers 


Chelsea         &  Blower  Co*9  Inc. 


1206  Grove  St.,  Irvington  II,  N.  J. 

REPRESENTATIVES  IN  PRINCIPAL  CITIES 

Charter  Member  Propeller  Fan 
Manufacturers  Association 

EXPORTED  TO  ALL  COUNTRIES  OF  THE  WORLD  BY  WESTREX  CORPORATION 
(Western  Electric  Export  Corporation) 


Trade  Mark  Registered 


CHELSEA  INDUSTRIAL  FAN -TYPE  IND 


Cat.  No. 

C.F.M. 

Motor  HP 

IND24 
IND30 
IND3G 
IND42 
IND48 
IND54 
INDGO 

5500 
8500 
10500 
16700 
20800 
27000 
320GO 

1  4 

Fans  for  corrosive  fumes  or  excessive  heat  quoted  oa  request. 


This  fan  is  one  of  the  most  efficient  fans  built  today.  Under  static  pressure,  that 
is,  operating  in  moderate  length  ducts  or  against  automatic  louvers,  the  Industrial 
fan  can  move  more  air  with  less  power  than  most  fans  on  the  market.  The  carefully 
designed  venturi  orifice  and  blades  make  this  efficiency  possible. 

The  fan  is  belt-driven  for  three  reasons:— first,  to  reduce  power  consumption 
through  i ncreased  efficiency  of  higher  speed  motors ;  second ,  to  give  more  quiet  opera- 
tion through  reduced  fan  speeds;  third,  to  reduce  original  cost  of  fan  to  consumer. 

The  frame  is  ail  steel,  welded  to  a  steel  orifice.  It  is  rigid,  yet  light  in  weight,  sim- 
plifying installation. 

On  special  order,  these  fans  can  be  built  to  operate  against  static  pressures  up  to  2  in. 


PKNTHOUriK FANS 
Completely  Assembled 


TYPE  DXB-BOOSTER 
Spray  Booths,  Fumes 


tfise*  If!"  to  t!0" 
Lf(l(i()  to  8V, 01)0  CFM 


BB-ALL  PURPOSE 

Kemoves  Smoke,  Stoiim, 

Heat  and  Fumes 


10"  to  30" 
SSO  to  8700  CFM 


W"  to  42" 
500  to  2GOO  CFM 


Bulletins  and  Engineering  Data 
furnished  on  request 

Air  Delivery  Ratings  of  all  Chelsea  Products  are 
in  accordance  with  the  Standard  Test  Code  for 
Centrifugal  awl  Axial  Fans  of  the  Propeller  Fan 
Manufacturers  Assn.  and  the  AMJBKICAN  SOCIETY  OF 
HKA.TINO  ANI>  VENTILATING  ENGINEERS.  INSIST  ON 
CERTIFIED  RATINGS,  LOOK  FOR  THIS  SEAL. 
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DeBothezat  Division 

American  Machine  and  Metals,  Inc. 
Main  Office  and  Factory — East  Moline,  Illinois 

In  Canada:  AMERICAN  MACHINE  AND  METALS  (CANADA)  LTD.,  1144  Western  Road,  Toronto,  Ontario. 
Foreign  Sales  Office:  WOOLWORTH  BUILDING,  NEW  YORK  7,  N.  Y. 
SALES  ENGINEERING  OFFICES  IN  ALL  PRINCIPAL  CITIES 


Certified  Wind  Tunnel  Ratings « Non- Overload  Power  Characteristics 


EFFICIENT  AGAINST  PRESSURE 

DeBothezat  Axial  - 
Flow  Ventilating  Sots 
arc  built  in  sizes  rang- 
ing from  16  through  48 
inches.  Volume  fans 
(4  blades)  arc  for  low 
to  moderate  static 
pressures  (up  to  I  inch 
Si5.).  Pressure  fans  (14 
blades)  are  for  moder- 
ate to  high  static  pres- 
sures (-2  inch  to  2  inches  Si*.).  Nonover- 
loading  power  characteristic  prevents 
motor  burn-out  and  eliminates  need  for 
over-size  motor.  All  DeBothezat  Axial- 
Flow  Fans  have  certified  performance 
ratings.  Catalog  furnished  on  request. 
DeBothezat  Giant  Fans,  5  feet  through 
14  feet  in  diameter,  are  suitable  for  gear, 
"V"  belt  or  direct  drive,  for  use  with 
electric  motor,  steam  turbine  or  gasoline 
engine.  Catalog  furnished  on  request. 

CONTROLLED    VENTILATION 


Power- Flow  Roof  Ventilator 

Motor  driven  fan  with  weatherproof 
housing  provides  positive  controlled 
ventilation  at  ail  times,  independent  of 
wind  or  weather.  Streamlined  appear- 
ance, low  ^  height.  Operates  efficiently 
with  or  without  duct  system.  Ilingecl 
hood  permits  ready  access  to  fan  and 
motor.  Available  in  four  sizes,  with  fan 
wheels  1C  inches  through  48  inches  in 
diameter.  Catalog  furnished  on  re- 
quest. 


FUME  REMOVAL 


Bifurcator  (Cutaway  vie.w) 

For  exhausting  air  that  is  abnormally 
hot,  corrosive,  inflammable  or  explosive. 
Motor  is  mounted  in  separate,  through- 
ventilated  chamber  completely  isolated 
from  air  stream.  Destructive 'fumes  are 
by-passed  (bifurcated)  around  motor. 
pcBoihessat  Bifurcators  install  directly 
in  the  duct,  in  any  position  from  hori- 
zontal through  vertical.  Available  in 
eight  sizes,  with  fan  wheels  12  inches 
through  48  inches  in  diameter,  Catalog 
furnished  on  request. 

SPOT  COOLING 


"Hii'V"  Air  Jd 

DcBotheasat  "Hy-V"  Air  Jets  are  ex- 
traordinarily efficient  man  coolers,  par- 
ticularly for  workmen  who  are  exposed 
of  radiant  heat  from  ovens,  furnaces, 
forges  and  molten  metals.  Arranged  for 
cither  column  or  floor  mounting,  they  arc 
adjustable  to  blow  a  concentrated  !>hiflt 
of  cooling  air  in  any  direction  to  remote 
spaces  without  the  aid  of  ducts.  Avail- 
able in  18  inches  through  30  inch  sixes. 
Catalog  furnished  on  request. 
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General 

8622  Ferris  Ave.,  Morton  Grove  5,  111. 


Engineering  •  Manufacturing  «  Application  of  Blowers, 
Fans  and  Exhausters 

FOR  BETTER  AIR  MOVING  RESULTS 

More  than  20  years1  experience  in  building  Blowers, 
Fans,  and  Exhausters  for  leading  Commercial  and  In- 
dustrial Users  in  widely  diversified  fields. 

Engineering  skill  and  integrity  in  building  and  sup- 
plying all  typos  of  Centrifugal  Fans,  Turbo  Blowers, 
and  Gas  Boosters  enables  us  to  supply  the  type  of 
equipment  best  suited  for  the  particular  need,  whether 
standard  or  custombilt. 

Sales  Engineering  offices  maintained  in  all  large 
cities  to  bring  the  engineering  knowledge  and  skills, 
and  the  resources  of  General  Blower  Company  to 
your  organization. 

We  engineer  and  J mild jnaany  special  types  of  fans 
and  blowing  equipment.  Consult  us  on  your  partic- 
ular problems, 

Write  for  our  illustrated  Products  Bulletin  covering 
the  complete  line  of 

1  'LUNGS  FOR  INDUSTRY" 


Turbo  Blower  With  Oil  Pump 
Assembly 


BcU  Driven  Multi-Vent  set 


Backward  Blade  Centrifugal 
Fan 
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Industrial  Fan  Steel  Plate  Type 


Curve  Centrifugal  Fan 
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Hunter  Fan  &  Ventilating  Co.,  Inc. 

Exclusive  Fan  Makers  Since  1886 

400  S.  Front  Street,  Memphis,  Tenn. 


BELT  DRIVEN  FANS 


Capacities  from  5100  to 
22500  cfm;  sizes  24  in.  to 
48  in. 

Certified  air  delivery  rat- 
ings arc  in  accordance 
with  tests  by  A  &  M  Col- 
lege of  Texas  using  Stand- 
ard Test  Code  for  Cen- 
trifugal and  Axial  Flow 
Fans  of  the  AS II YE 
andPFMA. 

Heavy  die-formed  blades, 
balanced  for  quietness. 
Ball  bearings  throughout 

PACKAGE  ATTIC  FANS 
Complete  with  ceiling 
shutter. 

Heavy  duty  motor,  rub- 
ber mounted  for  quiet- 
ness. 

Precision  balanced 
blades. 

Built-in  fuse  link. 
Simple,  fast  installation. 
Ball  bearing  throughout. 
Underwriters'  Laboratory  approved. 
Fan  guaranteed  5  years;  motor  arid  shutter,  1  year. 


— sealed  against  dirt  and 
grease  leakage. 
Thrust    bearing    permits 
installation  in  any  posi- 
tion. 

Rubber-mounted  ball- 
bearing motors,  with 
built-in  thermal  overload 
protectors, 

( <r  ndcrwr  itc,rs '  I  Mho  ra  lory 
Label,  with  re-inspection 
service. 

Fan  guaranteed  live 
years;  motor  guaranteed 
one  .year. 


4750  and  6800  cfm  models  are  Complete 
with  fan,  motor  and  automatic  ceiling 
shutter.  Resilient  rubber  skirt  on  fan 
frame  forms  vibrationless  air  seal.  Shut- 
ter with  integral  metal  trim  is  finished  in 
ivory  and  is  designed  to  operate  quietly 


and  to  eliminate  drafts  when  (dosed. 
7700  and  <>SOO  cfm  models  are  complete 
with  fan,  motor,  manual  shutter,  built-in 
switch  on  trim.  Pull  chain  located  at  one 
corner  of  shutter  controls  fan  and  locks 
shutter  open  when  fan  is  operating.  No 
accessories  are  required. 


4-  DELUXE  WINDOW  FAN 
Cat.  No.  B2848.  2  speed  direct  drive. 
4250  CFM— High,  3000  OKM—Low. 
Designed  for  average  size  window.  At- 
tractive louvres  afford  protection  and 
privacy.  Certified  Air  Delivery  Rat- 
ings. 

NEW  18-IN.  WINDOW  FAN  -> 
Cut.  No.  B2500,  Two  speed  reversible 
capacitor  type  motor.  Cabinet  only  24 
in.  high,  27  in,  wide— adjustable  to  35 
in.  wide.  Certified  Air  Delivery  Rat- 
ings. 

HUNTER  ENGINEERING  SERVICE 

Hunter's  Engineering  Department  will  in  Sweet'*?  Catalog,  Write  for  new  Hunter 
assist  you  with  your  cooling  and  ventilat-  manual  "How  to  Cool  for  Comfort" 
ing  design  problems.  See  Hunter  Section  giving  methods  and  installation  details. 
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ILG  Co. 

2880  North  Crawford  Ave.,        Chicago  41,  111. 

Offices  in  more  than  40  Principal  Cities 

Propeller  Fans,  Centrifugal  Fans,  Unit  Heaters, 

Kitchen  Ventilators,  Night  Cooling  Fans 


ILG 


ILG  Direct-Connected  Self-Cooled 
Motor  Propeller  Fans 

Used  for  exhaust  of  stale  air,  fumes,  heat,  dust,  odors, 
etc.  Self -cooled  motor  combines  protection  of  en- 
closed motor  with  low  operating  cost  of  open  motor — 
constantly  cooled  by  fresh,  clean  air,  circulated  in- 
ternally— never  "gums-up"  from  contact  with  foul 
air — saves  5  to  10  per  cent  on  power  costs.  Rugged, 
heavy-duty  framework.  Dynamically-balanced  fan 
wheel,  direct-connected  to  motor.  Smooth,  quiet, 
effortless  operation — economical,  long  lived.  "ONE- 
NAME-PLATE'  '  Guarantee.  Certified  ratings. 
Sizes,  Sin.  to 72 in. 


ILG  Direct-Connected  Centrifugal  Fans 

Type  "BC" — Load-limiting  type  with  backward  curved 
blades.  Motor  load  remains  constant  over  wide  range  of  air 
volume  and  change  in  static  pressure.  Wheel  mounted 
directly  on  motor  shaft  with  motor  partially  recessed  in  side 
of  casing.  No  motor  base  required.  Unobstructed  inlet. 
10  sizes.  Also  available  for  belt-drive  in  12  sizes. 


Type  "B" 
Volume  Blowers 

Small  volume,  low  pres- 
sure, quiet  running.  Multi- 
blade  wheel  direct-connected 
to  motor  shaft.  Cast  iron 
base.  Universal  discharge, 
12  capacities. 


Type  "P" 
Volume  Blowers 

For  exhausting  dust, 
fumes,  removal  of  steam, 
vapors.  Four  discharge 
positions  to  avoid  fric- 
tion in  short  bends.  7 
capacities. 


Type  "6S" 
Utility  Blowers 

Designed  for  building 
into  apparatus  which  re- 
quireH  ventilation  or  air 
movement .  Kxtremcly 
flexible  in  arrangement, 
furnished  with  or  without 
inlet  flange,  outlet  flange 
stand,  etc. 


Kitchen  Ventilators 

Built-in  becomes  per- 
manent part  of  kitchen 
wall.  Quiet  high  capac- 
ity, efficient,  equipped 
with  ILG  Self-Cooled 
Motor.  3  sizes.  Also 
models  for  window  in- 
stallation. 
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Night 

Cooling 

Fans 


Portable  model  for  use  at 
attic  or  downstairs  win- 
dow. For  permanent  in- 
stallation in  attic,  use 
ILG  Self-Cooled  Motor 
Propeller  Fans  (top  of 
page). 
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JOY  MANUFACTURING  CO. 

General  Offices:  Henry  W.  Oliver  Building,  Pittsburgh  22,  Pa, 
MANUFACTURERS  OF  VANEAXIAL  FANS 


DOMESTIC  OFFICES 

BIRMINGHAM,  ALA. 

920  Fifth  Ave.,  N.  (Crandall  Eng.  Co.) 

BOSTON  15,  MASS 88   Brookline   Ave. 

BUTTE,  MONT 24  W.  Granite  St. 

CENTR ALIA,  ILL Fifth   and   Chestnut 

CHICAGO,  ILLINOIS 2315  S.  Michigan  Avo. 

COMMEHCE,  OKLA Ill  Commerce  St. 

DALLAS,  TEXAS 6540  Ilimes  Blvd. 

DENVER  2,  COLO.  .    ,  ,     ..1626  Wazee  St. 

(Schloss  and  Shubart)    .  ..1626  Wazee  St, 

DULUTH  2,  MINN IE.  Michigan  St. 

EL  PASO,  TEXAS    117  N.  Kansas  St. 


FAIRMONT,  W.  VA 

FORTY  FORT,  PA 

HUNTINGTON  14,  W.  VA.  . 
KELLOGG,  IDAHO  .   . , 

KNOXVILLB  2,  TENN 
Los  ANGELES  11,  CAL.    .. 

MlDDLESBQRO,   K\" 

NEW  YORK  7,  N.  Y 

PHILADELPHIA  3,  PA. 
PITTSBURGH  13,  PA. 
PORTLAND  9,  ORE. 
SALT  LAKE  CITY  1,  UTAH. 


P.O.  Box  104G 
,  155   Welles    St. 
742  Eighth  Ave. 
.   .  N.  305  Him  St. 
.   ...          108  W.  Main  St. 
.  . . .  2900  Santa  Fe  Ave. 

501  N,  10th  St. 

30  Church  St. 

1617  Pennsylvania  Blvd. 
4107  Sennott  St. 
.1631  N.W.  Thurman  St. 
.117  W.  2nd  South  St 


SAN  FRANCISCO  2,  CAL 155  Fell  St- 

ST.  Louis  10,  Mo 4120  Clayton  Ave  • 

SEATTLE  4,  WASH 3410  First  Ave.,  So- 

SPOKANE,  WASH 1118  Ide  Ave. 

WASHINGTON  5,  D.  C 1427  I  St.,  N.W. 

IN  CANADA 

GALT,  ONT 175  Beverly  St. 

KIKKLAND  LAKE,  O.VT  .     .        . .     24  I)une:m  Avo, 

TORONTO,  ONT ,208  Simcoe  St. 

CALGARY,  ALTA 902  Ninth  Avo.,  West 

MONTREAL,  QUK 5929  Decarie  Blvd. 

SYDNEY,  NOVA  SCOTIA 295  George  St 

EXPORT  OFFICES 

NEW  YORK  1,  N.  Y Empire  State  Bldg. 

LONDON  WI,  ENGLAND 6  Curios  Place 

PARIS,  FRANCE .  ,18  Ave,  Parmentier 

BRUSSELS,  BELGIUM,  ,  15  Rue  do  Grand-Hospice 
JOHANNESBURG,  So.  AFRICA  ...  .21  Saner  St.  Ext. 
N'DoLA,  NOR.  RHODESIA 

Joy  Sullivan  (Africa)    (Pty.)   Ltd. 

SYDNEY,  N.S.  W.  AUSTRALIA      .   ...  Scottish  House 

MEXICO  CITY,  MKX Ramon  Guzman  51-B 

ANTOFAGASTA,  CHILE Oasilla    570 

Rio  DK  JANEIRO,  BRAZIL 

Caixa  Postal,  54,  Copocahana 


AND  MORE  THAN  500  DISTRIBUTORS  THROUGHOUT  THE  WORLD 


SERIES  1000  AXIVANE*  INDUSTRIAL  AND  COMMERCIAL  FANS 


Joy  Series  1000  adjustable  blade 
AXIVANE*  Industrial  fans  are  available 
in  124  sizes  ranging  in  volume  capacity 
up  to  100,000  cfm  with  pressures  up  to 
9.6  in.  W.  G.  Housing  diameters  range 
from  18  in.  to  60  in.  For  complete  speci- 
fications, construction  details,  and  sclec- 


Blades  are  adjustable  on  the  job 
by  loosening  one  lock  nut 


tor  charts  giving  pressure-volume  range 
for  each  fan,  write  for  bulletin  number 
J-605. 

Joy  AXIVANE*  fctorio-H  1000  fans  are  effi- 
cient, quiet,  compact,  flexible,  and  easy 
to  install. 

ADJUSTABLE  BLADES 

Joy  AXIVANE*  Industrial  Fans  have 
the  extra  performance  flexibility  of  ad- 
justable blades.  Adjustable  blades  are 
standard  equipment,  on  all  Series  1000 
fans.  The  factory  blade  wetting  can  be 
quickly  changed  to  provide  either  a  wide 
pressure  range  for  any  particular  volume 
or  a  change  in  volume  simply  by  loosen- 
ing a  lock  nut  with  a  wrench,  Hetting  the 
blades  uniformly  with  the  indicator,  and 


Cutout  drawing  showing  location  of  motor  and  com~ 
pact  construction 
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Rear  view,  showing  vanes  and  motor 

retightening  the  lock  nut.  A  permanent 
stop  prevents  setting  blades  in  a  position 
likely  to  overload  the  motor.  Minimum 
blacle  settings  are  limited  by  the  fan 
housing. 

Adjustable  blades  permit  on-the-job 
correction  for  unpredictable  duct  resist- 
ance or  for  poorly  installed  duct  work. 

MORE  EFFICIENT 

Stationary  straightcner  vanes,  located 
immediately  behind  the  rotor,  partially 
recover  the  rotative  energy  imparted^to 
the  air  by  the  rotor,  and  re-establish 
axial  flow  to  the  air  leaving  the  vanes. 
This  eliminates  excess  turbulence  at  the 
point  where  the  air  enters  the  duct  sys- 
tem and  increases  efficiency  by  decreas- 
ing pressure  loss. 

The  Joy  AXIVANE*  fan  utilizes  an  aero- 
dynamically  efficient  blade  and  station- 
ary vane  design. 

QUIETER  OPERATION 

For  equal  weight  and  space  the  Joy 
AXIVANE*  fan  is  quieter  than  a  centrif- 
ugal type  fan  of  equal  volume  and  pres- 
sure. The  streamlined  airflow  from  an 
AXIVANE*  fan  makes  sound  insulation 
a  simple  arid  inexpensive  operation 
when  required  for  the  ventilation  and 
air  conditioning  of  quiet  spaces  such  as 
hospitals,  auditoriums,  radio  stations, 
etc.,  where  insulation  against  system 
noise  must  be  used. 

MORE  COMPACT 

Joy  AXIVANE*  fans  are  built  around  the 
motor,  the  fan  housing  becoming  an  ac- 
tual part  of  the  duct  systern.  This  pro- 
duces a  more  compact  design  than  is 
possible  with  a  centrifugal  fan.  An 


Front  view,  showing  simplicity  of  construction 

AXIVANE*  fan,  installed  on  an  in-line 
connection  with  ventilation  ducts,  paral- 
lel to  and  close  by  an  overhead  structure, 
may  require  70  per  cent  less  space  than 
a  conventional  belt-driven  centrifugal 
fan.  The  compactness  of  a  Joy  AXI- 
VANE* fan  assures  a  maximum  of  net 
operating  or  rentable  area.  Fan  rooms 
are  virtually  eliminated. 

EASIER  TO  INSTALL 

The  Joy  AXIVANE*  Series  1000  fan  de- 
velops a  greater  volume  and  pressure  per 
pound  of  fan  and  motor  because  of  its 
compact,  in-line  construction.  This 
light  weight  permits  a  simplicity  of  in- 
stallation that  minimizes  installation 
costs  and  total  weight  by  eliminating 
heavy  foundations,  complex  duct  off- 
sets and  elbows,  drives,  and  guards. 
AXIVANE*  fans  can  be  installed  quickly 
and  easily,  even  by  relatively  inex- 
perienced or  un-skilled  labor. 

MATCHED  ACCESSORIES 

Inlet  bells,  screens,  and  fan  supports 
are  accessories  designed  to  fit  all  AXI- 
VANE* Fan  housings.  In  ordering,  it 
is  only  necessary  to  state  the  model 
number  with  or  without  the  accessories, 
as  desired.  If  required  with  accessories, 
these  will  be  furnished  to  fit  the  fan 
model  ordered  without  special  number. 

No  matter  how  carefully  a  duct  system 
is  planned,  an  incorrectly  selected  inlet 
bell  will  reduce  fan  efficiency  by  increas- 
ing intake  turbulence.  This  excess  tur- 
bulence will  also  increase  the  noise  level 
of  the  fan.  When  a  fan  takes  its  air 
directly  from  the  weather,  a  plenum,^ 
fan  room,  or  from  a  duct  system  larger  in 
circumference  than  the  fan  housing,  a 
bell  should  be  used.  ^  y  g  ^  Qff 


1J95 


Air  System  Equipment 


,  Fans  and  Blowers 
Blower  Wheels 


The  Lau  Blower  Company 

2007  Home  Avenue,  Dept.  H,  Dayton  7,  Ohio 
Engineers  and  fabricators  of  general  Air  Handling  Equipment 
Blower  Assemblies ® Blower  Wheels  •  Propeller  Fans  *  Accessories 

NEW  Series  "A"  Blower  Assemblies 

The  Lau  Series  i£A"  Blower  Assembly — re- 
sult of  years  of  exhaustive  tests  of  all  types 
of  blowers — years  of  research  and  design 
evolution — is  the  all-time,  outstanding 
achievement  in  the  blower  field.  Greater 
mechanical  strength.  Greater  efficiency.  A 
more  compact  unit  (overall  size  considerably 
smaller  than  formerly).  Will  fit  more  jobs. 
Embodies  many  new  and  revolutionary 
features  exclusive  with  Lau.  Includes  new 
3-ppint  suspension  type  bearing  bracket — 
an  integral  part  of  the  shroud — identical  for 
various  angles  ^of  discharge.  New  Friction- 
less,  self-aligning  bearing — completely  en- 
cased in  Neoprenc.  New  center  suspension 
wheel  (see  below).  New  discharge  outlet 
design  and  construction.  Cut-off  cannot  set 
crooked  on  outlet.  No  wavy  edges.  Faster 
installations.  New  1 -piece  motor  mounting 
easily  convertible ,  rear  to  top  or  vice  versa, 
by  simple  use  of  two  shoot  inotal  screws. 
Many  other  features.  Complete  range  of 
sizes.  Every  size  tested  and  rated  for  per- 
formance in  accordance  with  A.S.H.V.K.  and 
AT. A. FJ/.  Codes. 


Special  Features  Patents  Applied  for 


NEW  Series  "A"  Blower  Wheels 

New  center-suspension  wheel  tested  and  proved  by  us  to 
have  greater  mechanical  strength,  truer  concentricity, 
and  far  more  efficient  performance  than  ordinary  types 
of  wheel.  Complete  details  supplied. 

Propeller-type  "Niteair"  Fans 

For  a  wide  variety  of  applications  where  it  is  necessary 

or  advantageous  to  exhaust  undesirable  air  and  provide 

fresh  air  from  the  outside.    Equally  applicable  for  industrial,  commercial,  residential 

and  farm  building  installations.  Efficient  and  economical  method  for  correcting  in- 
numerable air-control  problems —removing; 
dust-laden,  foul,  contaminated,  or  excess  ively 
hot  air,  fumes,  gases,  smoke.  Vc.ni  uri-f  ypo  en- 
trance housing  reduces  air  "drag"  and  turbul- 
ence-— eliminates  most  common  cause  of  "air 
noise.'7  5  sixes— -24  in.  to  -J8  in. 


performance  data,  specifications,  ;uui 
prices  available  on  request  on  above  and  other 
air  handling  equipment.  Inquiries  solicit  od  for 
any  application.  Our  engineers  will  gladly  as- 
sist you.  Write  Dept.  II  regarding  your  require- 
ments. 
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Make-up 
+  AIR  = 


THE  NEW  YORK  BLOWERaCOMPANY 

GENERAL   OFFICES  -  32nd   STREET   &  SHIELDS    AVENUE  «   CHICAGO-  16 

FACTORIES    AT    LAPORfE,    IHD1AMA    AMD    (  H I  C  A  <S  O,    ILLINOIS 

Representatives  in  Principal  Cities 

FANS  Q  BLOWERS  ©  UNIT  HEATERS  ©  MAKE-UP  AIR  UNITS 
AIR  WASHERS  41  HEAVY  DUTY  HEAT  SURFACE 

Comet  Unit  Heaters 
Heavy  duty, 

welded  steel,  fin- 
and-tube  heating 
element.  Suitable 
for  continuous 
heating  service  on 
steam  pressures  up 
to  150  Ib  or  more. 
9  sizes  with  capac- 
ities from  31  Mbh 
to  300  Mbh. 
Bulletin  485. 

Comet  Exhaustair 
Delivers     large     vol- 
umes of  air  at  low  re- 
sistance and  low  cur- 
rent consumption.  All    |j 
wheels    are    machine 
balanced  for  smooth, 
vibrationless     opera- 
tion.    Made   in    two 
types  and  eight  basic 
sizes.     Wheel    diam- 
eters from  12  in.  to  60 
in.    Direct  or  belted 
drive.     Capacities  from  400  cfm  to  23,500 
of  in.    Ask  for  Bulletin  4^4* 

Type  GI  Industrial  and  Heat  Fans 
For  dust  and  gas  re- 
moval, conveying  of 
materials  and  hand- 
ling hot  gases.  Hous- 
ings, drives,  and  dis- 
charge arrangements 
to  meet  any  require- 
ment. Wheel  diam- 
eters from  lOin.  to  66 
in.  Capacities  from 
450  cfm  to  60,500  cfm. 
Details  and  engineering  data  in  Bulletin 
482. 

General  Purpose  Fans 
Portable,  self-con- 
tained units  for 
Class  I  industrial 
and  ventilating  ap- 
plications. Rec- 
ommended for  ease 
of  installation,  low 
maintenance  and 
space  saving  fea- 
tures. Made  in 
three  types  and 

eight  basic  sizes.    Capacities  400  cfm  to 
18,000  cfm.     Bulletin  493. 


MIS— 15,000  cfm 

i  unit  that  delivers,  warmed,  filtered, 
outside  air  to  industrial  spaces  to  re- 
place exhausted  air  and  balance  minus 
pressure.  Corrects  draft  conditions  and 
uncontrolled  infiltration.  Made  in  4 
sizes  from  5,000  cfm  to  20,000  cfm. 
Described  in  Bulletin  4$$- 

Type  ME  Centrifugal  Fans 

Capacities    up     to 

101,000  CFM 
Slow  speed  wheels 
offered  from  7-J  to 
15  in.  and  36  to  66 
in.    Capacities  up 
to  70,000  ofm. 
Quiet       operating 
medium      speed 
wheels   with   non- 
overloading  horso- 

power  characteristics  for  heating,  ven- 
tilating and  air  conditioning  or  industrial 
applications.  Wheel  diameters  from  18 
in.  to  66  in.,  with  any  speed  or  discharge 
required.  Class  I,  II.  Ill  or  IV  con- 
struction. Write  for  Bulletin  401. 

Steelfin    Hot    Blast    Heating    Surface 

Extra  heavy  duty, 
fin-and-oval  tube,  all- 
steel,  welded  con- 
struction. A  hot  dip 
metallic  coating  over 
all,  including  headers, 
affords  perfect  bond- 
ing and  conductivity. 
Suitable  for  continu- 
ous heating  service  on 
steam  pressures  up  to 
150  Ib.  Bulletin  498. 
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PROPELLAIRDiv. 

VENTILATING  SPECIALISTS  IN 


ROBBINS  &  MEYERS,  INC. 
1947  Clark  Boulevard 

SPRINGFIELD,  OHIO 
ALL  PRINCIPAL  CITIES 


For  Ducts, 
Walls,  Win- 
dows, Hoods, 
Roof  Venti- 
lators 


PROPELLAIR  DIRECT- 
CONNECTED  FANS 

For  use  wherever  motors  may  operate 
within  the  air  stream,  from  free  air  to 
medium  and  relatively  high  resistance. 
A  compact,  durable  design  with  fan 
having  two  to  six  blades.  Sizes:  12  in. 
to  60  in.  Capacities:  800-85,000  cfm. 
Type  "CD." 


For  Heat, 
Acids,  Alka- 
lies— Fumes, 
Gases,  Dust 


BELT -DRIVEN  PROPELLAIR 
TUBE-AXIAL  TYPE 

A  complete  fan  unit  in  short  duct  section 
ready  for  installation  in  lines  from  20  in. 
to  48  in.  diameter.  Type  "CS"  may  be 
used  for  severe  acid  or  alkaline  condi- 
tions, explosive  fumes  and  gases.  Type 
"CSV,"  for  excessive  temperatures,  cir- 
culates outside  air  through  belt  and  fan 
shaft  tubes  to  keep  drive  and  bearings 
cool.  Capacities:  4100  to  43,000  cfm. 

For  Roof  Ventilation 

PROPELLAIR 

SKY  BLAST 

Dependable  and 
economical  power 
roof  ventilators. 
Butterfly  dampers 
open  wide  the  in- 
stant fan  is 
started,  close  auto- 
matically as  fan  coasts  to  a  stop,  offer 
virtually  zero  resistance  as  heat,  fumes, 
moisture,  dust  shoot  high  into  air.  Rain 
is  prevented  from  entering  by  fan  when 
operating.  Drainage  gutter  prevents 
leakage  when  dampers  are  closed.  Sizes : 
20  in.  to  60  in.  Capacities:  3700  to 
77,000  cfm. 


For  Heat,  Moisture,  Fumes, 
Dust,  and  Gases 

PROPELLAIR  EXTENDED-SHAFT  FANS 

This  design  locates  motor  outside  air 
stream  when  fan  is  installed  in  duct  at 
right  angle  turn,  elbow,  "Y,"  or  offset. 
Simple  installation  usually  can  be  sup- 
ported by  duct  without  auxiliary  brac- 
ing. Drive  shaft  is  enclosed  and  sealed 
within  steel  tube.  Sizes:  12  in.  to  60  in. 
Capacities:  2000  to  68,000  cfm.  Type 
"CE." 

PROPELLAIR 

VANEAXIAL 

FANS 

A  compact, 
highly  efficient 
pressure  fan  using 
standard  steel 
drum  sections  in- 
corporating stand- 
ard NEMA  frame 
motors  in  direct  drive  models.  Also  a- 
vailable  in  belt-driven  ratings  with  motor 
outside  the  air  stream.  Cast  aluminum 
airfoil  propeller  and  guide  vanes  for 
maximum  efficiency  and  durability.  A- 
vailable  in  20  in,,  24  in.  arid  30  in.  diam- 
eters, ranging  from  4,000  to  15,000  cfm. 

AIRFOIL-SECTION  Blades 
Airfoil  Principle  Entrance  Ring 

Propellair  fans  have  airfoil- 
section  blades  with  varia- 
tions of  pitch,  curvature, 
and  thickness  to  compensate 
for  different  lineal  speeds  of 
points  at  various  radii.  Air 
movement  is  uniform  over 
whole  fan  area.  The  Propel- 
lair curved  entrance  ring 
eliminates  eddy  currents; 
helps  efficient  Propellair  blades  deliver 
highest  pressure  and  volume. 
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The  Torrington  Co, 

50  Franklin  Street,  Torrington,  Conn. 
Manufacturers  of  Blower  Wheels  and  Propeller  Type  Fan  Blades. 


Mower  Wheels 


4~Blade  Airistocrat  Fan  "E"  StHes 


4-Blade  Airistocrat  Attic  Fan  "M"  Series 


"E"  Series  AIRISTOCRAT  Fan 
Blades — Outstandingly  high  efficiency  is 
the  chief  characteristic  of  this  truly  new 
fan  blade.  It  delivers  more  air  for  any 
given  horsepower.  Size  for  size  it  looks 
bigger,  more  powerful. 

In  impartial  tests,  ten  competitive  fan 
blades  were  recently  compared  with  "En 
Series  blades  of  the  proper  diameter  and 
pitch.  In  every  case,  air  delivery  was 
sharply  increased.  Within  the  *  same 
space  limitations  and  with  the  same 
power,  the  "E"  blade  delivered  as  much 
as  28  per  cent  more  air. 

This  high  efficiency  is  the  result  of 
four  years  of  research  and  development 
which  from  the  beginning  xvaa  devoted  to 
bringing  out  a  superior  fan  blade. 

Convincing  proof  of  the  superior  per- 
formance of  this  new  fan  may  he  found 
in  the  NEMA  and  NAFM  fables  prepared 
as  a  guide  to  selection.  Tin;  catalog  con- 
taining these  tables  and  specifications 
will  be  mailed  upon  request. 


Specifications:  Three-blade  models  m  10 
in.,  12,  14,  16,  18  and  20  in.  diameters; 
four-blade  models  8  in.,  10,  12,  14,  16,  IB, 
20,22  and  24  in.  diameters.  Five  pitches  in 
most  sixes.  Aluminum  blades,  steel 
spider  and  hub.  Standard  finishes. 


AIRISTOCRAT  "M"  Series  Attic  Fan 
Blades— Three  outstanding  features  of 
this  new  design  are:  (1)  Extremely  high 
efficiency,  which  gives  maximum  cfm  per 
horsepower;  (2)  knockdown  construction 
which  drastically  lowers  shipping  costs; 
(3)  quiet  operation— -u  point  of  major 
interest  to  the  consumer. 

This  all  steel  four-blade  fan  is  manu- 
factured for  attic  UHC  exclusively,  in  24, 
30,36,  42  and  4S  in.  diameter**,  in  40  dog 
pitch  only. 


4-Blade  Airiktocrat  Attic  Fan  "B"  Series 
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AIRISTOCRAT  "B"  Series  Attic  Fan 
Blades  have  the  same  proportions, 
proved  aerodynamic  ally  correct,  in  all 
diameters.  New  larger  center  disc  and 
heavier  spider  arms  increase  strength  and 
a  new  blade  shape  adds  to  the  appearance 
of  this  carefully  designed  product. 
Available  in  3,  4  or  5  blades  in  standard 
diameters  24,  30,  36,  42  and  48  in.  All 
steel  construction.  Available  in  the 
following  finishes:  1.  Plain.  2.  All  one 
color  lacquer. 

Pressure  "U"  Series— Four  blade 
models  of  steel  designed  for  pressure 
operation.  Sizes  20  in.,  22,  24,  26,  28 
and  30  in.  diameters. 


"One-Piece"  Airistocrat  Fan  Blades— 

Exceptionally  rigid  models  blanked  from 
one  piece  of  metal.  Made  in  both  steel 
and  aluminum.  Sizes  3  in.,  4,  4}/2,  5, 
5?- a,  6,  6J/2,  8,  9,  10,  12  and  16  in.  diam- 
eters, all  four  blades;  also  5H,  7,  8,  9, 
10  in.  5-blacie.  Available  in  the  follow- 
ing finishes:  L  Plain.  2.  Lacquered. 
3.  Xinc  or  cadmium  plated  (steel  only). 

Torrington  Airotor  Blower  Wheels  are 

light,  sturdy  and  inexpensive—incor- 
porate new  principles  of  design  and  con- 
struction, which  insure  rigidity  and  con- 
centricity. Single  Width—Single  Inlet 
wheel  is  of  simple  four-piece  construc- 
tion. No  rivets  or  welds  are  used; 
concentric  rib  serving  as  backing  for 
blade  strip  is  formed  at  same  time  as 
hub  socket,  insuring  trueness  of  wheel. 
Rigid  radial  ribs  prevent  deflection  by 
thrust.  Three  thicknesses  of  metal  in 
rims  make  for  maximum  strength. 
Excellent  for  many  heating  and  venti- 
lating uses.  Manufactured  in  both 
aluminum  and  steel  in  1%  in.,  2,  3,  3f6, 
4j'2i  5,  0,  7J/2,  9  and  10>£  in.  diameters. 
Clockwise  or  counterclockwise  rotation, 
Same  sixes  available  in  DA  type  double 
width,  double  inlet  wheels. 

Torrington    Airotor    Blower    Wheel- 
Double  Inlet— Spider  End  Plates.    Has 

blades  punched  and  formed  in  a  single 
strip,  rigidly  held  by  flanged  single  piece 
end  rings.  Hubs  are  rigidly  mounted 
by  peeriirtg.  Wheels  of  2%  in.,  3%  in., 
and  lOj-lj  in.  diameter  are  available  at 
present.  Additional  sizes  now  being 
developed. 


4-Blade  Airistocrat  Pressure  Fan  "U"  Series 


Airotor  Blower  Wheel— Single  Width—Single  Inlet 
Patents  8,881,088;  £,272,695  Des.  126,04*} 


Airotor  Blower  Wheel  Double  Inlet—Spider  End  Plates 
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Trade-  Wind  Motorfans,  Inc. 


5725  So.  Main  St. 
Los  Angeles  37,  Calif. 


Cities.  Carried  In 
Stock  By  Many 
Electrical  Jobbers 


TRADE- WIND  CLIPPER  CEILING  VENTILATORS 

listed.  It  carries  a  (pro-rata)  five  year 
guarantee.  The  installation  requires  only 
the  application  of  a  discharge  duct  of  the 
same  dimension  as  the  outlet  collar  and 
the  optional  addition  of  an  automatic 
shutter  for  the  end  of  the  duct. 
The  assembly  is  inherently  quiet  and 
is  installed  rigidly  in  the  structure 
without  need  for  resilient  mountings  or 
flexible  duct  connections.  The  blower 
is  normally  quiet  at  its  maximum  speed. 
The  motor  and  wheel  unit  is  removed 
easily  without  tools  through  the  ceiling 
inlet  opening.  The  patented  construc- 
tion of  the  Clipper  entirely  isolates  the 
motor  from  the  air  stream.  This  special 
feature  keeps  the  motor  free  from  con- 
taminated air,  adding  to  its  service  life. 


Cutaway  view  of  Model  12501  shows  double  blowers 
used  in  this  unit. 

The  Trade-Wind  Clipper  Blower  Is  a 
small  capacity  centrifugal  blower,  pri- 
marily used  for  exhaust  application. 
While  used  extensively  for  home  kitchen 
ventilation,  it  is  adaptable  for  other 
applications.  Many  thousands  of  these 
units  have  been  in  service  ton  years  or 
more  in  school  toilets,  therapy  and  treat- 
ment rooms  in  hospitals  and  clinics, 
dental  laboratories, 
ticket  booths,  offices, 
x-ray  and  photo- 
graphic dark  rooms, 
and  hundreds  of  sim- 
ilar applications. 
This  is  a  "unit  pack- 
age" assembly,  com- 
plete with  ceiling 
grille  and  necessary 

Motor  and  blower  unit  in  0 1 0  V 1 1'  1 C  a  1  COI1  HOC" 
all  Trade-Wind  modd,^  i^  iion&^  jt  is  (J^^ 
easily  removed  'Without  .,  ,  , 

tools.  writers  approved  and 


Model  3501  installs  in  a  cabinet  <wr  ////•  stow.  Inlets, 
equipped  with  iran/iablc,  filters,  ar?  provided  in  base  of 
unit  and  at,  caiUntj  and  fold-under  hood  in  optional. 


Selection  Chart  and  Specifications 
CLIPPER  BLOWERS— 110  Volt,  60/50  Cycles,  A.C. 


Cat  No. 

Description 

Type 
Blower 

Net  Air 

1201 

_.        _ 

Clipper 

Horizontal       discharge 
complete  with  grille 
Horizontal       discharge 

complete  with  grille"1 

Single 
Wheel 
Single 
Wheel 

100 

275  " 

1401 
Clipper 

Vertical  discharge  com- 
plete with  grille* 

Single 
Wheel 

275 

2501 
Clipper 

Horizontal    or   Vertical 
Interchangeable     33ife~ 
charge  complete  with 
grille,  2-spoed  motor  & 
switch. 

Two 
Wheels 

425 

3501 

Super 
Clipper 

Cabinet  Installation. 
Stainless    ateel    hood 
optional,  2-Hpced  motor 
<fe  (switch. 

Two 

Wheels 

600 

lleeomm. 

Max.  Room 

On  Kt 

Bathrooms 

only 

1000 

1000 
2000 


3000 


Duct  Size  ! 

i 
4"  Hound  ' 


13"x4" 


00 
100 
100 
14.1 

185 


II, P. 
1/75 
I/M 

1/30 
1/20™ 


2-Hpced  choke  and  Hwitch  available  at  extra  cost. 
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Western  Blower  Company 

Founded  in  1908 

Manufacturers  of  Heating,  Cooling  and  Ventilating  Equipment  for  Public  Building, 
Industrial,  Commercial  and  Residential  applications. 

Main  Office  and  Plant  sales   offices  i*  the 

1800  Airport  Way  principal      cities      West 

Seattle  4,  Washington  of    Rocky    Mountains 


TURBINE  MULTIBLADE  FANS— forward  curved  blade,  Type  TR,  for  heating, 
ventilating,  drying,  mechanical  draft,  etc.  Bulletin  No.  31. 

TURBINE  STREAMLINED  FANS— backward  curved  blade,  Type  S,  with  non- 
overloading  horsepower  characteristics,  for  same  general  purposes  as  Multiblade 
Fans.  Bulletin  No.  30. 

TURBINE  ELECTRIC  VENTILATING  UNITS-direct  connected,  and  PULLEY 
DRIVEN  UTILITY  SETS— V-belt  driven.  For  general  utility  duct  ventilating 
systems.  Bulletin  No.  31. 

WESTERN  FURNACE  FANS  and  BOOSTER  FANS— for  forced  circulation  of  air 
in  modern  home  heating  and  light  ventilating  duty.  Bulletin  No.  60. 

RB  VOLUME  AND  PRESSURE  FANS— of  the  radial  blade  type,  either  direct 
connected  or  belt  driven  for  varied  ventilating  and  conveying  applications.  Bulletin 
No.  39. 

SLOW  SPEED  PLANING  MILL  EXHAUSTERS— single  or  double  for  shaving 
exhaust  systems.  Bulletin  32-3. 

MILL  EXHAUSTERS — motor  driven,  furnished  single  or  double  to  suit  motor 
speeds.  Bulletin  No.  32-3. 

SPIROVANE  PROPELLER  FANS— furnished  either  direct  connected  or  V-belt 
driven,  for  commercial  or  industrial  ventilation.  Bulletin  No.  50. 

WESTERN  UNIT  HEATERS— vertical  and  horizontal,  for  general  heating  and 
drying  applications.  Bulletin  No.  53. 

VOLUME  HEATERS — with  one  or  more  centrifugal  fans  for  heating,  ventilating 
arid  air  conditioning,  available  in  vertical  and  horizontal  cabinet  units  with  or  with- 
out filters.  Bulletin  No.  54. 

OLYMPIC  Heat  Exchangers,  Converters,  Side  Arm  Heaters,  Immersion  Heaters, 
Oil  Heaters,  and  Condensate  Coolers. 

AIR  WASHERS — for  cleaning,  cooling,  humidifying  and  dehumidifymg. 

Bulletins  as  listed  above  furnished  upon  request, 
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Two-Cylinder  V-Type  Compressor  Type  CLS  110/188 


Westinghouse  Electric  Corporation 
SI  u  He  van  I    Division 

Air  Conditioning,  Heating,  Ventilating,  Dust  Control  and  Fume  Removal 

Equipment,  Electronic  Air  Cleaners,  Compressors,  Mechanical 

Draft  Equipment 

Hyde  Park  Boston  36,  Mass, 

Wcstinghouse-Sturtcvant  Division  manufactures  a,  complete  line  of  air  conditioning, 
heating,  ventilating  and  air  handling  equipment.  Shown  here  are  selections  from  the 
complete  line.  Individual  product  catalogs  are  available  on  request. 
REFRIGERANT  COMPRESSORS 

Hermetically-Sealed,  Freon  12,  refriger- 
ant compressors  are  designed  for  air  con- 
ditioning and  industrial  refrigeration  ap- 
plications requiring  suction  evaporating 
temperatures  ranging  from  10°F  to  50°F. 

Westinghouse  Special  Features 

1.  Shaft  seals  eliminated. 

2.  Direct  drive—no  belts,  pulleys  and 
couplings. 

3.  Sealcd-in  mechanism. 

4.  Refrigerant-cooled  motor. 

5.  Compact  size  and  light  weight. 
The   hermetically-sealed    compressors 

are  reciprocating  multi- cylinder,  in-line 
type  in  sizes  7i  hp  to  and  including  60  hp; 
90  deg  V-typc  on  the  2, 3 ,  5,  75  and  100  hp 
sizes.  They  arc  protected  by  manually 
reset  high  and  low  pressure  switch.  Driv- 
ing motors  are  polyphase,  refrigerant- 
cooled  induction  type.  Motors  are 
protected  by  thermal  overload  protection 
in  the  De-ion  magnetic  lincstartcrs. 

Mounting  supports  are  available  to 
permit  mounting  the  compressor  and 
suitable  Westinghouse  water-cooled  con- 
denser as  a  unit.  Type  CLS  compressors 
are  made  in  12  sizes  ranging  in  nominal 
capacities  of  from  2  to  100  tons  refrigera- 
tion effect. 

WATER  COOLED  CONDENSERS 

Where  sufficient  water  is  available  from 
city  water  supply  or  cooling  tower  the 
water-cooled  condenser  is  economical 
and  efficient.  To  economically  match 
refrigeration  load  requirements,  West- 
inghouse water-cooled  condensers  are 
available  in  14  sizes,  ranging  in  nominal 
capacities  from  2  to  100  tons  net  refrig- 
eration effect. 


ISiyht-C  yUnde.r  In- Line-  Type  Cow  p 
L8-1MQ 


Sixteen-CyUnder  V-Type  Compressor  Type  CLS-IM 


Water  Coaled  Corn 
Type  CWC 


1204 


Air  System  Equipment  ®  Air  conditioning 


Division 


EVAPORATIVE  CONDENSERS 

Where  water  is  scarce  or  expensive,  or 
its  use  or  disposal  restricted,  Westing- 
house  aquamisers  provide  savings  in 
water  consumption.  They  are  available 
in  sizes  to  give  a  range  of  capacities  from 
approximately  5  tons  to  100  tons  each, 
net  refrigeration  effect. 

WATER  COOLERS 

For  the  chilling  of  water  for  distribu- 
tion to  a  number  of  cooling  coils,  for 
surface  dehumidifiers  and  for  use  in  in- 
dustrial processes,  these  efficient  water 
coolers  range  in  size  from  5  to  110 
tons  net  refrigeration  effect.  The  vertical 
cooler,  located  close  by  the  compressor, 
efminatcs  long  refrigerant  piping. 

AIR  WASHERS 

Four  typeK  arc  available  for  evaporative 
cooling,  humidifying,  dclmmidifyiug  and 
cleaning. 

SURFACE  DEHUMIDIFIERS 

These  sprayed  coil  units  are  available 
with  chilled  water  or  direct  expansion 
coils.  The  sprays  perform  two  important 
functions :  (1)  lower  the  dry  bulb  temper- 
ature to  approach  saturation  and,  (2) 
continuous  washing  of  coil  surface. 
Capacities  range  from  2000^,1,0^50,000 
cfm. 

AIR  BLENDERS 

Air  Blenders  mix  cool  dehumidified  air  or 
heated  humidified  air  from  a  central  sys- 
tem with  recirculated  air  to  maintain 
room  temperatures  for  both  winter  and 
summer  air  conditioning.  It  has  no 
moving  parts,  and  is  equipped  with  a 
heating  coil  for  winter  operation.  All 
units  are  built  with  7  in.  front-to-back 
dimensions,  and  in  nominal  lengths  of 
from  18  in.  to  60  in. 


Aquamiser 
Evaporative 
Condenser 
Type  EVA 


Surface 
Dehumidifier 


Air 

Blender 
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Westinghoiise—  S1  u  Division 


AIR  CONDITIONING  UNITS 

Unitaires  ®  are  completely  self-con- 
tained, with  all  the  component  purls  of 
an  air  conditioning  system  assembled, 
piped  refrigerant-charged,  wired  and 
adjusted  at  the  factory.  All  that  is 
required  is  connection  of  water  and  elec- 
trical service  and  attachment  to  the 
duct  system. 

The  condensing  unit  is  a  Westinghouse 
hermetically  sealed,  direct-connected 
compressor,  with  water-cooled  con- 
denser, isolated  from  the  supporting 
structure  by  rubber  mounting. 

Self-Contained  Unitaires  are  widely 
used  in  small  stores,  restaurants,  office 
suites  and  similar  establishments,  usu- 
ally in  the  room  to  be  air  conditioned. 
Available  in  sizes  of  1,  2,  3  and  5  horse- 
power. 

Central  Plant  Unitaires,  designed  for 
installation  with  supply  and  return 
ducts.  Are  available  with  75,  10,  15,  20 
and  25  horsepower  compressors. 

AIR  HANDLING  UNITS 

Air  Handling  Units  arc  designed  for  year 
round  air  conditioning.  For  use  with  a 
remotely  located  compressor  or  source  of 
chilled  water  in  summer,  and  a  source  of 
steam  or  hot  water  heat  in  winter.  Then- 
arc  available  also  as  Heating  and 
Ventilating  Units  with  or  without  heat- 
ing sections.  Both  are  available  in 
Horizontal  and  Vertical  types  and  are 
designed  for  use  with  air  duct  distribu- 
tion systems.  Fans  are  of  the  non-over- 
loading typo  ideally  suited  for  parallel 
operation.  Casings  are  sectional  con- 
struction with  insulated  panehs.  Sizes 
range  from  1600  cfm  to  18,000  cfm. 

HEAT  TRANSFER  SURFACE 

Sturtevant  Cooling  and  Heating  Coils 
are  available  for  Freon,  chilled  water, 
steam  and  hot  water,  heating  coils  with 
steam  distributing  tubos  also  available. 
All  coils  utilise  aluminum  continuous 
plate  fins  and  copper  lubes.  Cooling 
coils  have  copper  headers  and  aluminum 
casings  providing  non-ferrous  construc- 
tion throughout.  Copper  fins  and  brass 
casings  ctan  be  furnished.  Sixes:  Five 
casing  widths  with  tube  lengths  in 
increments  of  6  in.  up  to  10  ft. 
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Self-Con- 
tained 
Un  ita  i  re 
TypeSU 


Air  Handling  Unit,  Typ6  All 


EM  y<  >rator  Go  il 

Direct  MxjMnsian  Type 
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Westinghouse— SturS eva n  1"    Division 


CENTRIFUGAL  FANS 

Silentvanc  ®  is  a  highly  efficient  cent- 
rifugal type  fan.  The  improved  wheel 
with  baekwardly  inclined  blades  permits 
medium  speeds  and  provides  true  non- 
overloading  horsepower  characteristics. 
Eddy  free  flow  contributes  to  extremely 
quiet  operation  ideally  suited  to  heating, 
ventilating  and  air  conditioning  applica- 
tions. Silentvanc,  Design  10  fans  are 
applicable  for  total  static  pressures  up 
to  3f  in.  (Class  I)  and  6J  in.  (Class  II). 
Capacities  range  from  500  to  480,000  cfm 
volume. 

AXIFLO  ®  FANS 

Axiflo  pressure  fans  are  of  the  axial  flow 
type  especially  designed  to  operate 
against  static  pressure.  They  are  avail- 
able in  both  straight  through  and  elbow 
types.  Designed  for  either  vertical  or 
horizontal  air  flow.  The  elbow  design 
provides  a  90  deg  change  in  direction  of 
air  flow  and  eliminates  motors,  belts  and 
bearings  from  the  air  stream.  Both  types 
are  widely  used  in  air  conditioning, 
heating,  ventilating  and  fume  removal. 

VENTILATING  SETS 

Rexvane  ®  Ventilating  Sets,  with  radial 
blade  wheels  designed  for  medium  speed 
operation,  are  suitable  for  ventilating, 
fume  exhausting  and  air  conditioning. 
Rcxvane  Ventilating  Sets  are  made  in  7 
sixes,  wheel  diameters  from  6  in.  to  17J  in. 
capacities  to  2  in.  water  gage  static  pres- 
sure, and  air  delivery  to  4000  cfm. 

V~B  el  t  Ventilating  Sets  are  self  contained 
unii-H  coiiKiHting  of  a  centrifugal  fan  and 
motor  with  v-bclt  drive.  These  sets  are 
particularly  suitable  for  a  wide  variety 
of  heating,  ventilating  and  air  condition- 
ing applications.  Air  deliveries  from  500 
to  14,000  cfm.  Weatherproof  cover  avail- 
able as  an  optional  accessory  permits 
outdoor  installation. 


Silentvane 
Centrifugal 

Fan 
Design  IQ 


Elbow 

Axiflo 

Fan 

Design  2  AE 


Asiflo 
Fan 

Design  2  A 
Arrangements 


V-Belt 

Ventilating 

Set 
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Westinghouse— StOTtevant    Division 


SPEEDHEATERS  ® 

Sturtevant  Speedheaters,  Design  14, 
are  suspended  type  unit  heaters  adapt- 
able to  commercial  and  industrial  instal- 
lations to  provide  an  even  flow  of  heat 
over  a  large  area.  They  are  available  in 
capacities  of  25,800  to  300,500  Btu,  and 
398  to  5200  cfm.  Attractive  modern  de- 
sign makes  Speedheaters  suitable  wher- 
ever appearance  is  important.  Their 
quiet,  efficient  operation  fits  them  ideally 
for  locations  where  economical,  thorough 
speed  heating  is  desired. 


Horizontal 
Speedheater 
Design  14 


DOWNBLAST  SPEEDHEATERS 

Downblast  Speedheaters  are  sus- 
pended type  unit  heaters  for  use  with 
steam  or  hot  water  systems.  They  arc 
designed  for  installation  near  the  ceiling 
and  are  available  in  capacities  of  40,000 
to  400,000  Btu,  and  695  to  5800  cfm. 
Downblast  Heaters  project  the  heated  air 
downward  to  the  working  level,  resulting 
in  outstanding  heating  performance  in 
buildings  with  high  ceilings,  or  wherever 
it  is  necessary  to  project  heated  air  down- 
ward between  storage  bins  and  other 
obstructions. 


INDUSTRIAL  ®  HEATERS 

Large  capacity  type  for  large  area, 
severe  heating  jobs.  They  can  be  in- 
stalled on  floors,  fastened  to  walls,  hung 
from  ceilings.  Air  motivation  mechanism 
consists  of  multiple  moderate  speed  fans, 
mounted  on  a  common  shaft— resulting 
in  largo  volumes  of  air  handled  at  low 
outlet  velocity,  low  horsepower  con- 
sumption, and  quiet  operation.  Capac- 
ities range  from  157,200  to  1,191,000  Btu, 
and  2100  to  18,000  cfm 
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Westinghouse — Slurlevanl    Division 


PRECIPITRON® 

THE  ELECTRONIC  AIR  CLEANER 


Prccipitron  Electronic  Air  Cleaner 
is  a  device  for  installation  in  the  duct 
of  commercial  and  industrial  air 
circulating  or  air  conditioning  sys- 
tems to  remove  air-borne  dust  and 
dirt  particles.  Its  application  in  com- 
mercial establishments  reduces 
soilage,  re  dec  oration  and  cleaning 
costs.  Industrially,  it  reduces  con- 
tamination of  processes  and  provides 
the  clean  atmosphere  necessary  for 
precision  manufacturing.  Available 
also  in  Home  Unit  designed  for  in- 
stallation in  a  forced  air  heating 
system. 

CAPACITIES— .1200  cfm  and  up,  to 
suit  system  design  requirements. 

KFFICIKNCIKH— *00  per  cent  (*S5 
per  cent  for  Limited  Space  Applica- 
tion). 

POWKR  SUPPLY— 115  volts,  single 
phase,  GO,  50,  25  cycles. 

PRECIPITRON  OPERATION 

Prccipitron  removes  air-borne  im- 
purities down  to  submicroscopic 
sixes  by  applying  the  proved  scientific 
p  ri nci  p I e  o f  *  e  1  e c  t  ros t a t i c  p  re c i  pi  t ra - 
lion  in  a  practical  manner. 

*  By  National  Bureau  oj  Standards  Blackness  Tent. 


Precipitron  operates  as  follows :  An  elec- 
tric charge  is  placed  upon  all  airborne 
particles  passing  through  a  zone  of  ion- 
ized air.  The  charged  particles  are  then 
drawn  into  the  collector  cells  which  con- 
sist of  a  number  of  parallel  plates  charged 
at  sufficient  potential  to  create  and  sus- 
tain a  suitable  electrical  field  between  ad- 
jacent plates.  The  charged  particles  are 
deposited  on  the  plates  and  are  held  firmly 
by  an  adhesive  coating  previously  placed 
on  the  plates. 


Principle  of  Operation 
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APPARATUS   DEPARTMENT 

GENERAL  £$  ELECTRIC 

SCHENECTADY,  N.   Y. 
Sales  Offices,  Warehouses,  Service  Shops,  and  Distributors  in  Principal  Cities 

MOTORS  FOR  HEATING,  VENTILATING,  AND  AIR  CONDITIONING 

General  Electric  offers  a  complete  line  of  motors  for  compressors,  fans,  and  pumps, 
from  which,  you  can  select  easily  the  motors  with  electrical  and  mechanical  character- 
istics best  adapted  to  your  equipment.  Many  of  the  most  common  applications  are 
listed  below.  Information  on  other  motors — vertical,  enclosed,  etc.,  with  various 
electrical  and  mechanical  modifications — can  be  obtained  at  a  G-E  office  near  you. 

For  additional  information,  ask 
for  Motor  Bulletin  GEA-3580. 


Tri-Clad*  induction  mo- 
tor, Type  K,  polyphase 

Fractional-horse-power  ca- 
pacitor-motor,   Type   KC 


SOME  G  -E  MOTORS  AND  THEIR  USES 


Application 

Speed 

Type  Winding 

Type 

Horsepower 
Range 

Power 

supply 
Classifica- 
tion 

Direct 
Current 

Fans  and  Centrifugal 
Pumps 

Constant  or 
Adjustable 

Shunt 

B&CD 

1/8-200 

Reciprocating  Pumps 
and  Compressors 

Compound 

B&CD 

1/8—200 

Constant 

Capacitor, 
Normal  torque 

KC 

1/4—3 

ftingle- 
phuao  Al- 
ternating- 
current 

Capacitor, 
High-torque 

KCJ 

1-3 

Small  Direct-con- 
nected Fans 

Constant 

Resistance,  Split- 
phase 

KH 

1  tA.r\    1  /'t 

Shaded-polo 

KSP 

Constant  or 
3  -speed 

Capacitor, 
Low-torque 

KCP 

1/50-M 

Belted  Fans,  Centri- 
fugal Pumps 

Reciprocating  Pumps 
and  Compressor*) 

Constant 

Capacitor, 
Normal-torque 

KC 

1/4-3 

Repulsion-induction 

SCE 

5-10 

Constant  or 
Multispeod 

Squirrel-cage, 
Normal-torque 

K 

1/4—1000 

Polyphsi.se, 
Alternat- 
in#»curront 

___ 

Squirrel-cage, 
High-torque 

KG 

5-200 

Pumps,  Compressors, 
Fans 

Constant  or 
Adjustable- 
varying- 
speed 

Wound-rotor 

M 

1/2-1000 

Constant 

Synchronous 

TS 

25—2000 

Types  of  Enclosures:  Open  (dripproof)— protected  from  falling  objects  or  dripping 
liquids.  Splashproof— where  wetness  is  a  factor.  Totally  enclosed— for  complete 
protection.  Explosion-proof — for  inflammable  gases.  Jbust-cxplonion-proof— for 
combustible  dusts. 


*  Trade-mark  reg.  XT.  S.  Pat.  OS. 
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APPARATUS   DEPARTMENT 


GENERAL©  ELECTRIC 


SCHENECTADY,  N.   Y. 

Sales  Offices,  Warehouses,  Service  Shops,  and  Distributers  in  Principal  Cities 


CONTROL  FOR  HEATING,  VENTILATING,  AND 
AIR-CONDITIONING  MOTORS 

General  Electric  offers  a  complete  line  of  standard  manual  and  automatic  controls 
for  all  types  of  motors  driving  compressors,  fans,  pumps,  etc.  Publications  describ- 
ing these  items,  as  well  as  such  control  accessories  as  pressure  governors,  pressure 
switches,  float  switches,  electrically  operated  valves,  and  indicating  selsyns,  are 
available  on  request.  For  special  applications,  G-E  control  to  meet  your  exact  re- 
quirements can  be  designed.  Most  frequently,  however,  the  needs  of  the  air-condi- 
tioning industry  are  best  served  by  one  of  the  many  possible  G-E  "packaged"  control 
combinations  designated  as  Cabinetrol*  equipments. 


Typical  Cabinetrol  unit,  showing  open  motor-starter  panels 

The  Cabinetrol  system  of  motor  control  is  based  upon  the  use  of  standardized  enclo- 
sures equipped  with  standard  control  devices.  General  Electric  can  build  quickly 
most  air-conditioning  control  systems — simple  or  complex — by  properly  combining 
standard  control  units  and  accessories  into  the  required  number  of  basic  Cabinetrol 
sections.  If  future  expansion  should  require  further  control  equipment,  additional 
Cabinetrol  units  can  easily  be  added  to  the  basic  system. 

The  standard  enclosures  used  in  the  Cabinetrol  system  will  mount  standard  motor- 
starting  devices  up  to  and  including  NEMA  Size  4.  Ample  space  is  provided  for  in- 
coming-line, feeder,  and  metering  equipment.  Bulletin  GEA-3856  details  more 
fully  the  advantages  of  this  new  system  of  centralized  low- voltage  control. 

The  General  Electric  Company  will  gladly  assist  in  the 
solution  of  any  electrical  problem  related  to  air  conditioning. 


*  Trade-mark  reg.  U.  S.  Pat.  Off. 
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G464  Plymouth  Avenue 

St.  Louis  14,  Mo.,U.SJL 

Sales  Offices  in 
29  Principal  Cities 

SINGLE-PHASE 

POLYPHASE 

DIRECT-CURRENT 

MOTORS 


For  Heating,  Ventilating  and  Air  Conditioning  Equipment 


SINGLE-PHASE  MOTORS 


Repulsion- Start  Induction 

Vc  to  15  hp, 
all  standard 
f  re  quoin c,ios 
and  voltages; 
sleeve  and 
hail  boar- 
ings;  open  or 
totally  en- 
closed; hori- 
zontal and  vortical;  rigid,  flange,  or 
resilient  mounted  (in  smaller  ratings). 

Capacitor-Start  Induction 

Vo  to  -K  thp,  all 
•standard  frequen- 
cies and  voltages; 
sleeve  and  ball 
bearings;  dripproof 
and  totally  en- 
closed; horizontal 
and  vertical;  rigid, 
resilient  and  flange 
mounted. 

POLYPHASE  MOTORS 
Squirrel-Cage  Induction 

Yc  to  400  hp,  2 
and  3  phase,  all 
standard  fre- 
quencies and 
voltages;  sleeve 
and  ball  bear- 
ings; open  or 
totally  en- 

closed; horizon- 
tal and  vertical.  Built  in  several  elec- 
trical types. 


Permanent  Split- Capacitor 


Vso  to  Yi  hp, 
constant  speed, 
two-speed,  or  ad- 
justable-speed, all 
standard  frequen- 
cies and  voltages; 
sleeve  bearings; 
totally  enclosed; 
round  frame  with 
rubber  rings. 


Shaded-Pole  Fan  Duty 

1/125,  I/SO,  1/40 
and  1/30  hp,  50  or 
60  cycles,  ll*r>  or 
230  Volts;  sleeve 
bearings;  totally 
enclosed;  rigid, 
round  frame  and 
resilient  mount- 
ings; with  or  without  3-Hpoe< 


regulator. 


DIRECT-CURRENT    MOTORS 

1/20  to  3  hp, 
all  standard 
voltages,  sleeve 
or  ball  bear- 
ings, dripproof 
frames,  rigid 
mounted.  Wag- 
ner direct-cur- 
rent motors  in 
the  44  frame  are  shunt- wound,  all  others 
are  compound  wound. 


Write  For  These  Bulletins 

MU-40— LiHta  part  numborH  and 
prices  of  Wagner  motor  repair  partn, 
arranged  for  quick  reference. 

MU-185— Describes  and  illustrates  all 
types  of  Wagner  motors. 
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G.  C.  Breidert  Co. 

3129  San  Fernando  Road,  Los  Angeles  65,  Calif. 

Representatives  Located  in  Principal  Cities  of  the  U.  S. 


BREIDERT  AIR-X-HAUSTERS 
FOR  ROOF  VENTILATING,  VENT  FLUES  &  CHIMNEY  TOPS 

The  Breidert  Air-X-Hauster  introduces 
a  new  principle  in  ventilator  design. 
Because  of  the  revolutionary,  aerody- 
namically-correct  design  of  the  Breidert 
Air-X-Hauster,  wind  currents  striking 
it  from  any  angle  are  converted  into  a 
powerful  suction  force  that  rapidly  ex- 
hausts stale  air  from  the  interior  of  the 
house,  kitchen  or  building.  The  Breid- 
ert remains  stationary,  has  no  moving 
parts.  Back-drafts  are  eliminated  where 
there  is  no  in- 
terior negative 
pressure! 

The  Breidert  w 
ventilator  of- " 
f  crs  certified^  ca- 

Eacity     ratings 
ased   on   tests 
made  with  wind 
blowing   at    all 

angles  (as  shown).  These  high  capaci- 
ties were  proved  and  certified  by  Smith, 
Emery  &  Co.,  Pacific  Coast  branch  of 
Pittsburgh  Testing  Laboratories.  In- 
sist on  certified  ratings  based  on  direc- 
tional wind  tests  at  various  vertical 
angles  as  shown  in  considering  any  venti- 
lator. Breidert  Air-X-Hausters  were 
used  extensively  during  the  war  on  many 
types  of  combat  and  cargo  ships,  war 
housing,  military  barracks,  and  other 
government  buildings.  They  also  are 
widely  used  on  all  types  of  factories, 
commercial  buildings,  and  residences. 


Old 
Method 


Type  B 


For  Kitchen  Ventilation  .  .  .  The  Breidert  system  provides  a  continuous,  silent, 
effective  circulation  of  air  that  exhausts  heat  and  odors  at  their  source,  with  no  operat- 
ing or  maintenance  expense.  There  are  no  "hang-over"  cooking  odors  because  the 
exhaust  action  of  the  Breidert  is  continuous.  The  neat,  compact  appearance  of  the 
"Typo  A"  Breidert  especially  recommends  it  for  residences. 

For  Vent  Flue  Caps  .  .  .  The  Breidert  does  not  have  the  defects  of  conventional 
typos  of  caps  and  accessories.  It  eliminates  the  necessity  for  down-draft  divcrters, 
with  accompanying  dangers  of  explosion  in  case  unburned  gas  accumulates  or  is  blown 
into  the  room. 

For  Chimney  Tops  ...  By  stopping  all  down-drafts  (interior  negative  pressure 
excepted),  a  Breidert  Air-X-Hauster  on  the  chimney  absolutely  prevents  the  fire- 
place from  smoking  and  damaging  furnishings.  It  provides  positive  "draw"  regardless 
of  wind  direction! 

Write  for  Free  Engineering  Data  Book  .  .  .  contains  specifications  and  installation 
data,  certified  capacity  ratings,  etc.  Address  Dept.  HV. 
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The  Swartwout  Company 

18511  Euclid  Avenue,  Cleveland  12,  Ohio 

Representatives  in  Principal  Cities 
Gravity  and  Powered  Industrial  Roof  Ventilators 


GRAVITY  ROOF  VENTILATORS  POWERED  ROOF  VENTILATORS 


Swartwout' Defter  Heat  Valve 

Continuous  opening  natural  draft  venti- 
lator particularly  effective  for  ridge  of 
peaked  roof,  saw-tooth  construction  or 
skylights;  adaptable  to  flat  or  slant  roofs. 
Air  takes  but  one  turn,  flows  directly  up- 
ward. Made  in  throat  opening  sizes  4 
in.,  6  in.,  9  in.,  12  in.,  15  in.,  IS  in.,  24  in., 
30  in.,  36  in.  and  42  in.  Ten  foot  lengths 
may  be  assembled  continuously  for  any 
roof  length.  Adjustable  damper. 


Swartwout  AlttMOVEK 


A  horizontal  type  multiple  heat  valve 
featuring  exceptionally  short  air  travel, 
built  in  units  10  ft  x  7  ft  0  in.  x  32  in .  high ; 
30  sq  ft  of  opening  per  unit.  Large  scale 
ventilation  achieved  by  use  of  continu- 
ous runs,  or  can  be  used  as  single  units 
over  heat  concentration  centers.  In- 
stalled on  curbs  of  wood,  steel  or  con- 
crete. Can  be  adapted  to  any  type  of 
roof. 


Swartwout  AIRJECTOli 

Streamlined  rotary  head  type  roof  venti- 
lator using  propeller  typo  fan.  Curved 
head  turns  with  wind— outlet  points 
away  from  wind  to  take  advantage  of 
suction  effect.  Made  in  13  throat  sizes, 
from  12  in.  to  72  in.,  with  wide  range  of 
capacity  ratings.  Adaptable  to  special 
conditions  where  high  temperatures  or 
fumes  are  a  problem.  Available  without 
fan  as  a  rotary  gravity  unit. 


Swartwout  JKCT-O-  VAL  VK 


Powerful  exhauster  of  the  straight- 
through  typo,  particularly  effective  over 
vats,  furnaces,  foundry  pouring  floors, 
etc..  Air  stream  opens  top  dampers, 
which  dose  when  fan  is  off.  Completely 
weathertight^  at  all  times.  Hinged  top 
section  permits  easy  access  for  servicing. 
Made  in  28  in.,  36  in.,  40  iri.^44  in.,  and 
48  in.,  throat  size,  in  a  variety  of  cfm 
capacities. 

Swartwout  Industrial  Intake  Louvers  are  available  in  all  sizes.    See  above,  left. 
All  of  the  above  made  in  galvanized  steel  as  standard;  can  be  supplied  in  copper, 

^fS?"'  f   "M-  °r  st,TleSS  StfL  CS°°  Smeis  Architectural  or  Engineering  File 
for  further  data,  or  send  for  complete  Swartwout  general  catalog, 
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Air  Devices9  Inc. 

Air  Diffusers     0     Exhausters     Q     Air  Filters 
Filter  Holding  Frames  ®  Hot  Water  Generators 


17  East  42nd  St. 
New  Yoik  17,  N.  Y. 


GiTm 


D 

aai 


Agents  in  All 
Principal  Cities 


AGITAIR  DIFFUSERS 


Type  R 


Square  or  Rectangular  in  Shape 


Type  R  AGITAIR  air  diff  users,  arc  square 
or  rectangular  in  shape  with  patented 
built-in  diffusing  vanes  which  can  be  as- 
sembled in  a  variety  of  arrangements  to 
divide  and  discharge  the  air  in  propor- 
tion to  the  area  to  be  served,  in  one — two 
— throe  or  four  directions  without  the  use 
of  baffles  or  blank-offs.  Each  side  delivers 
a  quantity  of  air  proportional  to  the  areas 
served.  These  AC  IT  AIR  cliff  users  can  be 
installed  in  any  location  in  the  ceiling  or 
side  wall  and  will  perform  efficiently,  dif- 
fuse the  air  quietly,  draftlessly,  and  with 
rapid  temperature  equalization  through- 
out any  shaped  room. 


ACOUSTICAL  CEILINGS 
The  AOITATR  Type  RTC  square  or  rec- 
tangular in  shape  is  especially  designed 
for  installation  in  acoustical  ceilings. 
Made  in  sizes  to  conform  to  standard 
tile  dimensions. 


Type  A 


Type  CSF 

Circular  AGITAIRS  combine  beautiful 
design  with  finest  operating  features  to 
give  rapid  temperature  equalization  and 
draftless  diffusion  of  air.  Model  CSF  is 
quiet,  easy  to  install.  Pressure  losses  at 
minimum.  Type  A  diffusers  are  smaller, 
weigh  less,  are  easy  to  install.  Type  CM 
is  for  marine  use.  In  all  sizes  for  all 
types  of  mounting  and  with  lighting 
combinations.  Dampers  are  provided 
where  needed. 

The  A01TAJR  Diffuser  Data  Book,  available  to 
architects  and  engineers,  will  help  you  design  and 
install  air  distribution  systems.  Consult  our  engineers. 


AGITAIR  WIND-ACTUATED 
EXHAUSTERS 

Provide  proper  ventilation  regardless  of 
wind  direction,  and  with  positive  elimi- 
nation of  down-draft.  Functions  at 
peak  efficiency  at  average  low  wind  ve- 
locities .  Will  not  restrict  the  flow  of  air  or 
gases  when  there  is  no  movement  of  out- 
door air  across  the  head. 
Fan-equipped  units  also  for  higher  rat- 
ings. 
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Anemostat  Corporation  of  America 


10  East  39th  Street  Representatives  in 

New  York  16,  N.  Y.  %^  fllR  Principal  Cities 


THE  ANEMOSTAT 
PRINCIPLE 


The  Anemostat  Air  Diffuser  consists  of  a  scries 
of  conical  shaped  members  of  specific  design  and 
assembled  in  definite  relationship  to  each  other. 
Due  to  these  exclusive  and  patented  features,  the 
Anemostat  Air  Diffuser  breaks  the  primary  air 
stream  into  a  multiplicity  of  planes  traveling  in  all 
directions,  and  at  the  same  time  creates  an  equal 
number  of  counter  currents  of  room  air  traveling 
toward  the  device.  This  causes  a  quantity  of 
room  air  equal  to  as  much  as  35  per  cent  of  the 
supply  air  to  be  drawn  into  the  device  and  mixed 
with  the  supply  air  before  it  is  discharged.  This 
important  effect,  which  distinguishes  the  Anemo- 
stat Air  Diffuser  from  all  other  air  outlets,  is 
known  as  Aspiration,  and  should  not  be  confused 
with  secondary  air  motion.  The  Anemostat  Air 
Diffuser,  moreover,  permits  air  expansion  within 
the  device,  instantly  reducing  velocity. 

The  mixture  of  primary  and  room  air  discharged 
from  the  Anemostat  Air  Diffuser  entrains  addi- 
tional room  air,  which,  due  to  the  turbulence  of 
the  discharged  air,  is  readily  drawn  into  and  mixed 
with  the  discharged  air.  This  will  continue  until 
the  movement  of  the  discharged  air  has  ceased. 

The  Anemostat  Air  Diffuser,  therefore,  thor- 
oughly diffuses  and  mixes  the  incoming  air  with 
the  room  air,  closely  equalizing  temperature  and 
humidity  throughout  the  room,  and  promptly  con- 
verts the  velocity  energy  of  the  incoming  air  into 
pressure  energy  which  prevents  drafts  in  the  occu- 
pancy zone. 
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Air  System  Equipment 


ANEMOSTAT  Draftless  Aspirating  AIR  DIFFUSBRS 


This  table  shows  basic 
data  only  .  .  . 
Consult  complete  cata- 
log for  full  information. 
TYPE 


AC 


AR-1 


0-1 


CSL 


NL-1 


HIT 


W 


o^g 

H    6    O 

03rH   IH 
«jf=H    H 
CQ 

1 

GQ 

ASPIRA- 
TION 

APPLICATIONS 

NECK  VE- 
LOCITY 
LIMITS 

LOCATION 

HEAT- 
ING 

VENTI- 
LATING 

>J  O 

§2 
o 

REFRIG- 
ERA- 
TION 

Combination 
supply 
and 
exhaust 

10 
to 
60 

Up 
to 
30% 

Yes 

Yes 

Yes 

No 

700  to 
2500 

On  exposed 
duct  or 
flush  to 
ceiling 

Supply 
Frequent 
air  change 
with  low 
air  velocity 
in  room 

15 

to 
95 

Up 
to 
30% 

Yes 
Yes 

Yes 
Yes 

Yes 

Yes 

700  to 
3000 

On  exposed 
duct  or 
flush  to 
ceiling 

Supply 

10 
to 
95 

Up 
to 
35% 

Yes 

Yes 

700  to 
3000 

On  exposed 
duct  or 
flush  to 
ceiling 

Supply 

10 
to 
95 

Up 

to 
35% 

Yes 

Yes 

Yes 

No 

700  to 
2500 

Flush  to 
ceiling 
only 

Supply 
Adjustable 
pattern 

12.5 
to 
45 

Up 

to 
35% 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

700  to 
2500 

On  exposed 
duct  or 
flush  to 
ceiling 

Supply 
Combination 
diffuser 
and>}ight 

20 
to 
95 

Up 
to 
35% 

Yes 

Yes 

No 

700  to 
1500 

Combina- 
tion with 
light  core 

Supply 

10 
to 
30 

Up 
to 

35% 

Yes 

Yes 

No 

800  to 
1500 

Acoustic 
tile  or 
flush 
ceiling 

Combination 
diffuser 
and  light 

15 
to 
40 

Up 
to 
30% 

Yes 

Yes 

Yes 

No 

700  to 
1500 

On  exposed 
duct  or 
flush  to 
ceiling 

For  use  with 
unit  heaters 

25  to 
82.5 

Up 
to 

??%. 

Up 
to 

25% 

Yes 

No 

No 

No 

700  to 
2500 

Projection 
heaters 

On  exposed 
duct 

Use  on  duct 
work  for 
heating  and 
ventilating 

25 

to 
82  5 

Yes 

Yes 

Yes 
Up  to 
10°  Dif- 
feren- 
tial 

No 

700  to 
2500 

Wall  type 

supply 

5 

to 
40 

Up 
to 
35% 

Yes 

Yes 

Yes 

No 

700  to 
2500 

Wall  or 
ceiling 

:'NO  AIR  CONDITIONING  SYSTEM  IS  BETTER  THAN  ITS  AIR  DISTRIBUTION" 
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The  Auer  Co, 

3608  Payne  Avenue,  Cleveland  14,  Ohio 

Manufacturers  of  Registers  and  Grilles  for  Gravity  and  Air  Conditioning 
Systems ;  Metal  Grilles  for  Radiator  Enclosure,  Ventilation,  Concealment 


AIR  CONDITIONING  REGISTERS  AND  GRILLES 


Auer  lias  a  complete  line  for  warm,  air 
or  air  conditioning,  a  wide  choice  of 
styles  for  every  purpose.  For  gravity  sys- 
tems, the  Heat-Rite  is  ti  quality  model, 
adjustable  for  up-or-down  flow.  DuraBilt 
floor  registers  and  intakes  provide  extra 
strength  with  interlocked  cross-bar  con- 
struction. "Streamliner"  registers  and 
grilles  for  high  velocity  outlets  are  made 
in  8  styles,  with  single  bank  of  adjustable 
bars,  vertical  or  horizontal,  also  with 


Streamliner  Register  No.  1005V-HML. 

Adjustable  bars,  multi -louvre  valve. 


Airo-Flex    No.    4432     Register— Multi - 

louvres  adjustable  up,  straight  or  down. 
Grille  bars  adjustable  for  right  or  left 
flow.  Grille  to  match. 


double  bank,  front  vertical  and  roar  hori- 
zontal (or  the  reverse),  also  all  these 
types  with  the  addition  of  multi-louvre 
valves.  Auer  Register  Book  showing  en- 
tire line  sent  on  request. 

Auer  perforated  grilles  are  made  in 
many  designs  and  sizes 5  in  steel  (or  stain- 
less), aluminum,  brass  or  bronze.  Fin- 
ished or  plated  us  desired.  (Grille  Catalog. 
"G"  gives  full  scale  del  ails,  tables  of 
openings  and  free  areas. 
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Streamliner  No.  1205VH.  Double  dofloc- 
tioii  grille,  adjustable  bars. 


Airo-Flex  No.  7032  Register— Grille  bars 
set  to  clireet  air  downward  at  22J/«?  dog, 
but  adjustable  for  other  angles.  Single 
louvre.  Grille  to  match. 


5 A— Square  Lattice  Grille 


,1U— Shell  Grille 
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Charles  Demuth  &  Inc. 

Mineola,  N.  Y. 
Demuth  Draftless  Air  Distributors 


*~^-.  jL.>^ 

Type  (8) 


Type  (SL) 


Designed  and 

Patented  by 

Demuth 


Illustration  showing 
curved  vane  principle 


The  DEMUTH  DRAFTLESS  AIR  DISTRIBUTOR 

consists  of  a  series  of  curved  vanes,  mounted  on  a 
deflecting  cone,  to  insure  360  deg  distribution  with- 
out the  aid  of  secondary  equalizing  devices.  A 
second  hollow  deflecting  cone  is  arranged  at  a 
tangent  to  the  primary  cone,  forming  an  injection 
nozzle. 

The  curved  vanes  discharge  the  supply  air  in 
turbulent  streams,  mixing  room  air  with  condi- 
tioned air,  thereby  providing  constant  air  motion, 
uniform  temperature  and  draftless  distribution 
throughout  the  room. 

Secondary  air  currents,  which  are  created  by  the 
turbulence  of  the  discharge  air,  are  drawn  into  the 
diffuser  by  the  bottom  or  secondary  cone,  mixed 
with  the  supply  air,  resulting  in  positive  aspira- 
tion. 

These  diffusers  are  available  in  all  sizes  and  are 
manufactured  of  aluminum,  steel  or  special  metals. 
The  respective  finishes  of  these  metals  are:  Pol- 
ished, Satin  or  Painted  Aluminum,  Painted  Steel, 
Stainless  Steel,  etc. 

Lighting  Fixtures  as  illustrated  by  Type  SL  are 
standard  accessories  and  are  available  in  Type  S, 
Type  F  and  Type  I.  For  pendant  or  other  special 
lighting  applications,  please  consult  your  local 
representative  or  write  direct  to  the  factory. 
Volume  Controls  can,  upon  request,  be  in- 
corporated into  the  diffuser  at  the  time  of  manu- 
facture. This  device  is  intricate  in  design  and  sim- 
ple to  install — two  very  desirable  features.  It 
adjusts  the  volume  of  air  supplied  without  decreas- 
ing the  efficiency  of  the  DISTRIBUTOR. 
'For  further  details,  consult  our  complete  cata- 
logue. 


Type  (SW) 
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Air  D  iff  users 


W.  B.  CONNOR  ENGINEERING  CORP. 


114  East  32nd  Street, 
New  York  16,  N.  Y. 


Representatives  in 
All  Principal  Cities 


In  Canada:  Douglas  Engineering  Co.,  Ltd.,  Montreal,  P.  Q. 

KNO-DRAFT  Adjustable  AIR  DIFFUSERS 


Type  KDA  for  supply  air .  Alum- 
inum, sizes  4  to  36  in.  neck  dia. 
Capacities  50  to  15,000  c%i  per  unit. 


Type  SRD  for  combination  sup- 
ply and  return  air.  Sizes  (>  to  24 
in.  supply  neck  dia.  Capacities  50 
to  2,800  cfrn  per  unit,  return  neck 
area  75%  of  supply. 


Diff  user  and  Cone  separated 


CONTROLLED  AIR  DIFFUSION 
Kno-Draft  Adjustable  Air  Diffusers  arc  designed  to 
give  accurate  control  of  air  distribution,  plus  in- 
stallation and  operation  economies.  With  air  direc- 
tion and  air  volume  adjustments  on  each  diffuse r, 
"custom-made"  air  patterns  can  be  created  which 
will  insure  draftlcss  diffusion  and  equalized  tempera- 
tures for  comfort  conditioning  or  specific  patterns 
for  industrial  processes. 

Installation,  balancing  and  inspection  are  fast  be- 
cause of  features  like  the  Type  I  ID  quick-opening 
set-lock  assembly,  the  self-contained  inner  unit  and 
the  sleeve-type  damper. 

System  design  problems  are  eased  because  Kno-Draft 
Diffusers  are  adjustable  after  installation.  The  often 
difficult  and  hazardous  job  of  figuring  everything 
about  the  air  movement  in  advance  is  eliminated. 
And  the  air  pattern  in  an  area  can  be  changed  with 
the  seasons  or  when  processes,  people  or  partitions 
are  relocated. 

Kiio-Draft  Diffusers  are  geometrically  proportional, 
size  for  size,  insuring  like  resistance  at  like  neck 
velocity  for  any  size— a  considerable  advantage  when 
selecting  various  size  diff users  for  a  common  system. 
Designed  for  high  or  low  ceilings  or  attachments  to 
exposed  ducts,  these  diff  users  will  effectively  distri- 
bute s largo  volumes  of  air  and  pro-mix  room  and  sup- 
ply air,  They  permit  the  use  of  high  duct  velocities— 
resulting  in  smaller  ducts  and  lower  costs.  Duct 
designs  are  simplified. 

The  simple,  attractive  design  of  the  Kno-Draft 
Diffusers  enables  thorn  to  blend  with  either  period  or 
modem  interiors. ^  In  their  original  aluminum,  they 
create  an  interesting  and  unobtrusive  decorative  ac- 
cent. ^  Painted  to  match  the  ceiling,  they  become 
self-effacing. 

Anti-Smudge  Cone:  Where  exceptionally  sooty  or 
dusty  air  conditions  are  expected  or  where  rough -tex- 
tured ceilings  are  employed,  the  use  of  this  accessory 
cone  is  recommended.  ^  It  furnishes  the  additional 
control  needed  to  provide  the  precise  air  separation 
which  inhibits  smudging. 

Kno-Draft  Diffusers  are  covered  by  U.S.  Patents  Noa .  8tM6,887;  ®,Sft9, 1  Id; 
8,4$£,$89  and  others  Bending;  Canadian  Patents  Nos,  4^9,20$;  448,886* 


tO  VWtlCAt  FtOW 
AS  8  IS  «T  AT 
MAXIMUM  HEKWT 


Ditfuser  and  Cone 


Any  angle  of  air  discharge  needed  to  suit  ceiling  height®  and  heating » 
ventilating  or  cooling  air  patterns  can  be  obtained  (nt  raining  or  lowering 
bottom  Cone  B, 
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W.  B.  Connor  Engineering  Corp. 


j  *     «  «  Registers 

Air  System  Equipment  •  and  Grilles 

*  Air  Diffusers 


TAMPER  PROOF  CAP" 


Type  HD  Set-Lock 
Assembly 


.  S    Now  Standard 
Equipment 


Type  D  Air  Volume 
Control  operates  in- 
dependently of  the 
air  directional  ad- 
justment. It  varies 
only  the  quantity, 
not  the  character- 
istic of  the  air  dis- 
tribution. It  con- 
sists of  a  cylindrical,  sliding,  sleeve-type  damper  connected 
by  a  specially  designed  spider  to  a  centrally  operated 
screw.  The  shank  of  the  screw  extends  through  the 
lower  cone  of  the  difTuser  and  is  concealed  by  a  tamper- 
proof  cap.  With  this  damper  on  each  unit,  a  series  of 
diffusers  can  be  quickly  balanced. 
Kno-Draft  Features  Speed  Installation 

The  development  of  the  self-contained,  removable  inner 
assembly  alone  (see  Fig.  1)  reduced  installation  time  as 
much  as  50  per  cent.  The  addition  of  the  Type  HD  set- 
lock  assembly  (see  Fig.  2)  reduced  the  time  for  that  part 
of  the  installation  to  a  matter  of  minutes.  No  tools  are 
required.  The  B  cone  or  inner  element  of  the  diffuser  is 
secured  to  the  combined  suspension  and  adjustment 
screws  by  a  springloaded  eaten  which  is  kept  in  com- 
pression by  a  slotted  washer.  The  holes  in  B  cone  pass 
over  the  bolt  heads.  All  that  is  necessary  is  to  press  up 
on  B  cone  and  insert  or  remove  the  slotted  washers. 
(See  Fig.  3.)  Even  where  ceilings  already  exist,  the 
outer  cone  is  easily  attached  to  a  duct  or  collar. 
The  air  direction  adjustment  is  also  accomplished 
quickly.  All  that  is  needed  is  a  screwdriver  to  adjust 
the  suspension  screws  for  any  angle  of  air  discharge  from 
horizontal  to  vertical.  (See  Fig.  4.) 
System  balancing  is  fast  and  simple.  The  single  annular 
air  stream  permits  immediate  and  accurate  velometer 
reading.  (See  Fig.  5.)  Desired  air  supply  ratios  may 
be  rapidly  obtained  by  adjusting  the  volume  control 
dampers.  A  twist  of  the  wrist  regulates  the  volume 
instantly,  (See  Fig.  6.) 

Nation-wide  Sales  and  Engineering  Service 

The  W.  B.  Connor  Engineering  Corp.  maintains  a  re- 
search laboratory  with  a  staff  of  trained  specialists  and 
district  representatives  in  leading  cities.  Their  services 
are  at  the  disposal  of  consulting  engineers,  architects, 
air  conditioning  dealers  and  plant  engineers.  They  can 
assist  you  in  getting  the  best  possible  performance  from 
your  air  conditioning  system  by  creating  custom-made 
air  patterns  which  will  thoroughly  mix  room  and  supply 
air,  eliminate  drafts  and  maintain  uniform  temperature 
throughout  an  area. 

Free  Handbook  on  Air  Diffusion 
It  contains  the  latest  engineering  data 
on  air  diffusion  and  is  profusely  illus- 
trated with  charts,  photographs, 
sketches  and  dimension  prints  that 
simplify  the  selection,  application, 
location,  assembly,  erection,  testing 
and  adjusting  of  Krio -Draft  Adjust- 
able Air  Diffusers.  It  is  designed 
to  help  you  get  top  efficiency  from,  an 
air  conditioning  system  by  creating 
"custom-made"  air  distribution  patterns. 
For  your  FREE  copy,  please  write  Dept.  Y-29. 


Fig.  4    Air  Direction 
Adjustment 


Fig.  5    Balancing 


Fig.  6    Air  Volume 
Adjustment 


(See  pages  1140, 1141*  114%,  and  1143  for  data  on,  Dorex  Ait  Recovery  and  Air  Purification  Equipment.} 
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Knowles  Mushroom  Ventilator  Co, 

Established  1906  All  Patents  Protected 
Main  Office  and  Factory 

Montclair,  New  Jersey 


NU-NOTCII  Specifications 

Furnish  and  install  where  indicated  on 
drawings  or  as  hereinafter  speciiied 
(5 in.)  (6 in.)  (Tin.)  (Sin.)  (10 in.)  (Dome 
Top)  (Flat  Top)  Nu-Notch  Cast  Iron 
Mushroom  Air  Diffuscrs  with  recessed 
notches  for  the  permanent  adjustment 
of  mushroom  caps  at  any  desired  open- 
ing, together  with  center  locking  screw 
feature. 

Provide  under  each  Air  Diffuscr  one 
No.  20  Galvanized  Iron  Sleeve  to  be  set 
by  the  heating  contractor  in  conjunction 
with  the  general  contractor  at  the  time 
the  floor  is  laid.  In  concrete  floors  when 
sleeves  are  located  on  forms  fill  sleeves 
with  sand  before  being  grouted  in,  to 
prevent  their  distortion.  For  wood  floors 
— attach  the  mushrooms  to  the  floor  by 
means  of  flat  head  screws.  For  concrete 
or  similar  type  floors—by  tightening  3 
set  screws  in  the  collar.  (In  specifications 
indicate  the  desired  size  and  style  of 
top.) 

MODERN  practice  shows  that  8  cu 
ft  of  fresh  air  per  minute  per  person  is 
ample  to  keep  the  air  in  an  auditorium 
free  of  odors;  and  to  maintain  body  heat 
and  to  balance  the  outdoor  heat  of  a 
warm  summer's  day,  about  20  eu  ft  pe 
minute  per  person  must  bo  introduced. 
The  accurate  amount  becomes  an  engi- 
neering problem  too  extended  for  this 
outline. 

Of  the  20  cu  ft  per  minute  per  person 
introduced,  12  cu  ft  may  be  rccirculated, 
economizing  heat  in  winter  and  cooling 
in  summer.  If  too  much  air  is  rocircu- 
lated,  odors  will  result;  and  when  smok- 
ing is  to  1)0  allowed,  much  more  new  air 
must  be  introduced. 


KNOWLES  NU-NOTCH 
MUSHROOM  AIR  DIFFUSER 


For  Auditoriums 

Cast  iron  mushroom,  successfully 
serving  in  over  4000  buildings  in  U.  S 
and  abroad.  Provides  correct  draft-free 
distribution  of  air  to  each  individual  in 
any  size  auditorium,  orchestra  or  bal- 
cony. Close  regulation  of  air—40  differ- 
ent adjustments  for  all  possible  condi- 
tions. Easily  regulated  by  part  turn  of 
cap,  and  locked  in  position  by  tightening 
head  screw  with  special  key— new  feature 
to  prevent,  tampering.  Supplied  with 
dome  or  fiat  tops,  5  diameter  sizes.  Ka-sy, 
permanent  anchorage  to  wood,  concrete 
or  monolithic  floors. 

PRO  PIC  1^  auditorium  ventilation  is 
now  recognized  to  he  a,  combination  of 
temperature,  air  motion  arid  distribu- 
tion, humidity,  (lust,  bacteria,  odors, 
and  carbon  dioxide.  Air  motion  and 
distribution  is  second  only  to  tempera- 
ture in  importance.  The  Synthetic  Air 
Chart  adopted  by  the  A.S.ILV.K.  takes 
into  account  ^  all  of  l.hcsc  f actons  and 
makes  it  possible  to  arrive  at  an  average 
which  will  show  the  percentage  of  ven- 
tilation obtained  in  any  given  installa- 
tion. 

For  over  a  quarter  of  a  century 
KNOWLIOS  has  devoted  itself  to  one 
specialized  field— the  manufacture  of 
air  diffuKcrH  for  auditoriums. 

Write  for  free  Guide  to  Distribution  of 
Air  in  Auditoriums. 


Adaptability  of  the  KNOWLRS  Mushroom  Air  Diffuser.  In  an  auditorium  Heating 
2000,  requiring  40,000  cfm,  it  is  desired  to  use  (>  in.  din.  NII-NOTCH  Mushrooms 
with  air  velocity  of  600  fpm. 


Dimensions  in  Inches 
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The  Independent  Register  Co. 

ESTABLISHED  1898 

3747  East  93rd  Street,  Cleveland  5,  Ohio 
AIR  CONDITIONING  REGISTERS  AND  GRILLES 


\-r 


JlllilUllUH 

^  — -*" 


L**-"  -""" 

Rear  View 
Showing  Adjustable  Deflecting  Vanes 

No.  321A  Grille  with  Deflecting  Vanes — With  vertical  grille  bars  and  horizontal  de- 
flecting vanes.  The  grille  bars  may  be  individually  adjusted  to  direct  air  flows  to 
right  or  left;  and  the  vanes  are  made  individually  adjustable  to  deflect  air  flows  up  or 
down. 


No.  238  Wrought  Steel— 4-way  adjust-  No.  139  Wrought  Steel—Flexible  hori- 

able  direction  of  air  flow.    Flexible  verti-  zontal  grille  bars,  bendable  for  up,  down 

cal  grille  bars,  multiple  valves.  or  straight  air  flow.    Single  valves. 

Independent  No -Vision  Grilles — No.  1312  for  Doors,  Walls  and  Partitions 

The    grille    bars    are    "V" 


shaped;  it  is  impossible  to 
sec  through  the  grille  from 
any  viewpoint. 


1 


No.  1312R— With 
overlapping  rim  %  in. 
wide,  on  all  four  sides. 


No.  1312C~-With 
grille  core  only,  in- 
stalled with  moulding. 


E 
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Hendrick  Company 

48  Dundaff  Street,  Carbondaie,  Pa. 

Sales  offices  in  principal  cities — consult  telephone  directories 

Hendrick  Bulators;  Hendrick  Perforated  Metal  Grilles;  Hendrick  Mitco 
Open  Steel  Flooring,  Armorgrids,  Shtir-Site  Treads 


HENDRICK  BULATOR 

the  dual-unit  combination 
of  a  deflecting  vane  grille 
and  an  ornamental  grille 

Now  you  can  secure  in  ti  single  installa- 
tion  all  the  advantages  of  an  adjustable 
vane  grille— to  direct  air  //ow;~and  an 
ornamental  grille—to  harmotihc  with  the 
decorative  schc nw-  -by  specifying  the  new 
dual-unit  Hendrick  HULATOH1 .  It  is  a 
practicable  combination  that  meets  both 
the  engineer's  specifications  for  air  throw 
and  spread,  and  the  decorative  require- 
ments of  the  architect. 

In  this  dual -unit,  the  deflecting  vanes 
are  not  noticeable,  alt-hough  they  are 
mounted  just  behind  the  ornamental 
grille.  The  vanes  are  adjustable  so  that 
the  air  flow  can  be  deflected  to  right  or 

•  liililiililliililili 
lilililililililili 

Iiliniiilililililibl 


holograph  taken  with  deflecting  vanca  lew  than  an  inch 
behind  grille,  shows  that  vanes  are  not  noticeable. 


Vertical  deflecting  vanes,  showing  how  the  vanes  may  be 
set  to  produce  any  aexirfd  air  stream  pattern. 


left,  up  or  down,  or  in  a  combination  of 
both  directions. 

For  the  imposed  ornamental  grille  sec- 
tion of  the  dual-unit,  Bulator,  Ilondrick 
offers  a  wide  selection  of  attractive  de- 
signs, with  the  essential  open  area. 

Tested  at  Case  Institute 
To  (let  ermine  tlie  efficiency  of  the  dual- 
unit,  tests  were  made  at  the  Case  Insti- 
tute of  Technology,  Cleveland,  under  the 
direction  of  Professor  (}.  L.  Tuve,  as  a 
result,  of  which,  "it  was  found  that  at  a 
given  air  volume,  the  presence  or  absence 
of  the  'Mosaic*  (design)  grille  made  very 
little  difference  on  either  the  air  stream 
pattern  or  the  throw," 

A  copy  of  the  detailed  report  on  those 
tests  will  be  mailed  on  request. 

How  to  specify  or  order 
Hendrick  Bttlators 

In  specify  ing  or  requesting  quotations  on 
the  Ilendriek  dual-unit  Bulator,  the  fol- 
lowing information  is  required: 

1.  The  name  or  description  of  the  de-- 
sired ornamental  grille,  as  given  in 
t ho  Hendrick  (Irilles  catalog. 

2.  The  metal,  gauge  and  finish  of  the 
ornamental  grille,  that  is  required. 

3.  The   dimensions   of  the   air   duct 
opening. 

4.  The  type  of  deflection   desired  in 
the  deflect  ing  vane  sect  ion;  whether 
right  and  left,  up  and  down,  or  a 
eombinaf  ion  of  bot h. 


*  Bounty  4-  Ventilator 
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HENDRICK  PERFORATED 

METAL  GRILLES 

Hendrick  decorative  grilles  are  fur- 
nished in  over  a  hundred  patterns,  and 
in  a  wide  variety  of  overall  dimensions, 
bar  sizes,  and  number  and  size  of  per- 
forations. 

Many  exclusive  Hendrick  designs,  orig- 
inally produced  to  meet  an  architect's 
specifications  for  some  particular  proj- 
ect, are  now  available  as  standard 
numbers,  and  facilities  for  making  spe- 
cial designs  to  specifications  make  the 
Hendrick  service  even  more  complete. 
The  wide  range  of  patterns  permits  the 
choice  of  a  grille  that  will  harmonize 
with  any  style  of  architectural  design  or 
period  construction. 


Arglin — 68  per  cent  Open  Area 

Grilles  are  fabricated  in  heavy-gauge 
aluminum,  bronze,  copper,  Monel,  steel, 
stainless  steel,  and  other  commercially 
rolled  metals.  With  ample  open  areas 
and  accurate  sizes,  Hendrick  grilles  are 
characterized  by  clean-cut  perforations, 
fine  finish,  and  freedom  from  burrs  and 
other  imperfections. 


M-No.  $>—57  per  cent  Open  Area 


M-No.  9—67  per  cent  Open  Area 


They  are  easy  to  install,  and  always  lie 
flat  because  of  a  special  flattening  opera- 
tion in  their  manufacture. 


Argive — GO  per  cent  Open  Area 


La  Crosse—55  per  cent  Open  Area 

AIR  CONDITIONING 
GRILLES  AND  REGISTERS 

Hendrick  air  conditioning  grilles  and 
registers  for  directed  air  flow  are  made  in 
various  meshes,  the  standard  having  % 
in .  opening  between  face  bars .  All  types 
are  furnished  with  either  horizontal  or 
vertical  directional  bars. 

The  standard  mesh  can  either  be  fur- 
nished with  grille  bars  permanently  se 
at  the  factory  for  straight  or  directional 
air  flow,  or  furnished  so  that  the  grille 
bars  may  be  individually  adjusted  on  the 
job  to  direct  air  flow  to  any  desired 
degree. 


Front  View 


Rear  View 
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NEU 

47  rue  Fourier — Lille 
Nord  France 


Vega 

Any  of  the  three 
following  func- 
tions may  be  ob- 
tained with  Vega 
ventilation  out- 
let, invented  by 
J.  Fourtier: 

— delivery  of  a 
direct    air   vein, 
— diffusion  of  the  delivered  air, 
— no  delivery  at  all. 
Ail  adjustable  device,  formed  by  4 
semicircular  blades  set  in  a  circular 
opening,  may  change  the  direction  and 
the  diffusion  of  air  delivered  by  the 
ventilation  outlet. 

The  Vega  ventilation  outlet  is  of  a 
very  reduced  size,  because  the  adjust- 
able device  is  placed  in  the  delivered 
air  vein.  Of  very  light  weight,  it  is 
easily  fitted  up;  it  can  be  placed  on  a 
receiver  supporting  one  or  several 
devices,  or  on  the  ventilation  duct 
itself,  either  vertical  or  horizontal. 
Its  working  is  simple  and  rapid. 


Ventilation  outlet 

Patent  Applied  for  No.  665,689 

Main  Dimensions 


Nominal 

Type  No. 

Capacity 
cfm 

A 

mm 

B 

mm 

C 

mm 

D 

mm 

AIR-         (Al 
PLANE    iA2 

20 
30 

57.5 
45 

80 
80 

70 
70 

10 
10 

(A3 

40 

53 

80 

70 

10 

[Ml 
NAVY       M2 

60 
90 

65 
75 

132 
132 

11G 

liC> 

17 
17 

M3 

135 

90 

132 

ne 

17 

The  special  design  and  fitting  of  the 
device  enable  the  quick  adjustment  of 
any  outlet  from  one  number  to  another. 


Direct  vein      Performance  curves  of  Vega  Airplane  and  Navy  Types 


Diffusion 


_  Vega  ventila- 
tion outlet  is 
made  of  cast 
mofcttl  or  cast 
material ;  its 
finish  is  made  to 
suit  all  applica- 
tions and  to  be 
in  harmony 
with  any  kind 
of  decoration. 


Main 

Position  of 

Adjustable 

Device 
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gisters 


Register  &  Grille  Co. 

Incorporated 
70  Berry  Street,  Brooklyn  11,  N.  Y. 

Headquarters  for  all  types  of  Registers  and  Grilles 
RESIDENTIAL  AND  COMMERCIAL 


DOUBLE  CORE  REGISTERS 
AND  GRILLES 


Designed  only  for  high 
grade  work  where  ap- 
pearance and  perform- 
ance are  the  first  con- 
sideration. 


Style  320— Six-Way  Adjustable  Deflection 


When  used  as  a  grille  only,  style  320  gives  complete  control  of  directional  throw, 
and,  when  fitted  with  one  of  our  many  types  of  shutter,  permits  control  of  volume  as 
well. 

Can  also  be  had  with  outside  adjustable  bars  running  horizontally  (Style  310). 


FOUR-WAY  ADJUSTABLE  DEFLECTION 


TWO-WAY 
ADJUSTABLE  DEFLECTION 


^J  /////  ////////  i\\\\\\\\\v^.\  L 

Style  5%Q  Grille  and  HM  V  deflecting  vanes 

Front  bars  vertically  adjustable,  rear  vanes 
horizontally  adjustable;  or  Front  bars  hori- 
zontally adjustable,  rear  vanes  vertically 
adjustable. 


Use  No.  120  Grille  for  adjust- 
able right  and  left  deflection. 
Style  110  has  horizontal  ad- 
justable bars  for  up  and  down 
deflection. 


Ask  for  our  catalog  which  shows  other  types  of  air  controls;  also  81  different  Stamped  Metal  designs. 
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The  Pyle-National  Company 


Multi-Vent  Division 
1363-78  N.  Kostner  Ave. 
Chicago  51,  Illinois 


Sales  Knginecrs  and  Agents 
in  Principal  Cities  of 
U.  S.  and  Canada 


MULTI-VENT*  LOW  VELOCITY  AIR  DIFFUSION 

Concealed  Multi-Vent  Panel  exposed  by 
removal  of  six  squares  of  metal  acoustical 
ceiling. 

Panel  Frame  .  .  .  installed  in  the  bottom 
of  air  supply  duct. 

Control  Plate  .  .  .  supporting  one  or 
more  valves  per  panel,  is  lunged  in  panel 
frame  providing  ready  access  to  duct 
above  for  cleaning. 

Pressure    Displacement    Air    Valve  .  .  . 

single  adjusting  screw  raises,  and  lowers 
a  valve  plate  above  opening  in  control 
plate  to  regulate  volume  of  air  How  from 
duct  into  dual  V  shaped  primary  dustri- 
bution  sections,  the  denign  of  which 
insures  even  distribution  of  air  over  the 
entire  perforated  area-  below  panel. 


6  Outstanding  Advantages 

1.  No   Strong  Air   Streams    to    Direct: 
With  Multi-Vent  duct  velocities  are  KO 
radically   reduced    (within  the  di  (laser 
itself)  .  .  .  diffusion  is  so  rapid,  thorough 
and  wide-spread  .  .  ,  that  no  air  move- 
ment in  excosB  of  AvSUVK  comfort  zone 
requirements  exists  more  than  nix  inches 
away  from  the  perforated  dintribution 
plate. 

2.  No  Deflection  Problems  to  Restrict 
Location  or  Capacity  of  Outlet  Panel; 
With  Multi-Vent  the  location  and  the 
capacity  of  the  cliff  user  can  be  deter- 
mined solely  by  loud  considerations  as- 
suring maximum  effectiveness  and  effi- 
ciency.   The  proximity  of  seating  loca- 
tions or  the  relative  positions!  of  parti- 
tions and  lighting  fixtures—which  must 


*This  application  of  low  velocity,  premur®  displacement 
air  diffusion  w  Sully  protected  %  patents.  Only  with 
Multi- Vent  can  you  tnyw  it»  Itenfjlt*.  Multi-Ventis 
the  register  fid  trade,  mark,  of  ike  PyU-Katitmd  CV;,, 
Chicago,  air  dittrilmiion  fytttmt  and  part  ' 


h<*  a  major  consideration  in  locating  high 
velocity  diffuse™  to  avoid  draffs  need 
not  be  considered  with  Multi-Vent.  re» 
jjjardleHH  of  ceiling  lieightu, 

3.  No  Change  in  Air  Diffusion  Patterns 
When  Desired  Volume  of  Air  Delivered 
is  Varied:  Mult i -Vent  V  adjuKtublf*  preB- 
Htire  diapbteeiuent  valve  <*jui  be  euwily 
aet  for  delivery  of  various  amounts  of  air 
without  diBturblng  the  buluiu1**.  of  the 
overall    Hy«tem,    Neither   winglt*    panel 
adjuBtnientn   to  nuit  occupantH  special 
rcquireinenin  n<ir  HubHtuntuil  nk<iuction 
or  increaHe  of  air  capacity  fit  Kourett  to 
meet  sc'uflonal  demands  will  in  auy  way 
affect  the  desired  air  flow  pattern. 

4,  40  Per  Cent  Higher  DTD  Will  Meet 
Comfort    Zone    Requirements;    Mutki- 
Vent  will  permit  raising  the  utiuul  15  deg 
Diffusion   Temperature   Differential   to 
as  hi&h  m  25  ile1^  iwith  un  S  ft  (M'ilinj;  for 
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THE  PYLE-NATIONAL  COMPANY 
Multi-Vent  Division 


MUTI-VENT*— LOW  VELOCITY  DISTRIBUTION 
BY  DISPLACEMENT 


Duct  Velocity 
1000  FP/V» 


i  t  i  i 

t     Only  6  Inches 
*      From  Panel 
3O-5O  FPM 


example).  Thus  40  per 
cent  less  air  need  be 
used  to  handle  a  given 
loud  making  possible  sub- 
Htantial  economies  in 
ducts,  fans,  filters  and 
coils. 

5.  No  Protruding  Outlet 

Fixtures  to  Mar  the 
Beauty  of  Modern  Inte- 
riors: Multi-Vent  can  be 
completely  concealed 
above  the  square  per- 
forated pans  in  a  metal 
acouHiical  ceiling,  Mul- 
ti-Vent installed  Hush  in 
all  other  type  ceilings  ia 
lens  conspicuous  t  hun  dif- 
f users  of  any  other  make. 

G.  Uniformity  of  Room 
Temperature  and  Hu- 
midity: Multi  Vent  can  achieve*  a  tem- 
perature differentia,!  of  an  little  as  1  deg 
within  the  comfort  zone  in  all  seaHonH 
.  .  ,  and  li  d**K  is  guaranteed,  This  in 


Orificed  Adjustable 
Valve  Set  for 
3OO  CFM 


H 


\   \   \   \   \   \ 

\\    \    \    \    \\\ 
(^i   Duffer  Velocity  \ 

1^'i 


2OG-30O  FPM 


OTHER  DIFFUSERS— DISTRIBUTION. 
BY  HIGH  VELOCITY  INJECTION 


Duct  Velocity 
10OO  FPM 


Neck  Size 
Selected  for 
3OO  CFM 


Outlet  Velocity 
7QO-150O  FPM 


surcs  true  air  conditioning  comfort 
and  will  inert  the  most  exacting  air 
rorwlitioninj;  requirements  for  scientific 
research  and  industrial  processing. 


The  Standard 
MVAMC  are 

approximate, 


MVAK-iiM 


of  Typcn  MVAH  ai 


MVAH  Mi 

JM 
»-2 
!-l 

MVAH'W  2 


Sr'erall  HIM  are 

For  UBO  with  aeouwtical   in<ktal  <u»iling 

PUIIH  installed  below  Multi  -Vent: 

Unm        IN 
Arra 

Aren(ft 

Types 

Widtli 

length 
Ft 

Area 

Not  Free 
Awn 

S<|.  M 

IK 

"  """  "'8(i.  ia. 

H 

1.04 

MVAMC-244 

24 

""""4 

"*  i 

1.04 

It) 

i  ,an 

MVAMC-248 

24 

5 

10 

1.33 

12 

i.tti 

MVAMC-  248 

24 

6 

12 

1.61 

12 

1  ,  fl«J 

MVAMC-354 

lift 

4 

12 

I*fi4 

IB           ! 

2,  OK 

MVAMC'. 

3  IS 

6 

15 

2,08 

15 

a.  OH 

*1  1}5  •  1 

IH      ; 

2,52 

MVANK;- 

30            5 

15       '      2JIH 

IK 

2,52 

a  on  -2 

MVAMC- 

3fi             f*      1        IH             2.52 

cuituhli'  witl 

j  HIM*  or 

HjfthtiiiK  "r 

C**'iUl»K 

MVAMC" 

an         n          IH     •    2,52 

MulU-V<»iit  uiHlidlationH  sin*  minpU?,  quick  to  balance  and  easy  to  clean.    They  have 
been  applied  with  renwtrkablo  rcwultn  to  uhnont   every  lypt*  of  buihiin^,  new  or 

old,  and  an?  particularly  well  adapted  to  tlut  lowctr  rmling«  of  modern  architect  ure. 


Application  data  will  be  furnished  on  request, 


Air  System  Equipment 


&  Perforating  Co. 

3111  W.  49th  Place,  Chicago  32,  Illinois 

Air  Conditioning  Registers  and  Grilles -Cold  Air  Faces 
Perforated  Metals  for  all  Purposes 


A  No.  4  Plaster  Frame 


This  model  in  Hui(.a,ble  for  i 
of  either  registers  or  grilles.  Tin*  outside 
surface  of  the  frame*  in  i\,  in.  wide,  Turn- 
back edge  in  I  in.  giving  tighter  fit  to 
wall. 

OomoH  complete  with  waling  gasket, 


Union  Jack  Dm  in 


.  101  Floor  Register 


This  model  floor  register  foatunss  bev- 
olod  edges,  solid  construction  and  con- 
structed of  fabricated  metal.  There  are 
no  loose  parts.  The  finish  is  oak  ,  .  .  an 
ultra  strong  bakcd-on  finish  for  longer- 
wear  and  it  will  match  flooring.  There 
is  a,  matching  cold  air  fact4  available.  Also 
adaptable  for  wall  or  ceiling  instnllat  ions. 
This  model  also  available  in  key  lock  and 
pulley  operated  controls, 


A  No.  100  RK  Multiple  Louvre  all  steel 
register  with  removable  key 

Thr  No.  KX)  HK  is  u<L«ipt^d  fur  wall  or 
iuHtalhitionH.    This  model  is  also 
in   l<*vor  o|H»rnt<Mi,   k<*y   lock 


The  grille 
box  with 

taehzible,. 


M*  in  attached  to  tlur  louvn* 

wM,  HO  that  the  box  is  de- 


Complete  Hpedficutionw  will  bck  furniHh<«i  upon  request. 

All  Stauforatod  Grilles  and  ornamental  designs  are  availahlft  in  Hteel  from  16  gage 
to  1  in.  thickn(W8CH.  They  can  al«o  be  furnished  in  «r>n«ferr«u«  metal»?  »uch  a«  alu- 
minum, brass  bronze  and  stainless  steel,  and  in  varying  thickness  according  to 
the  physical  properties  of  each  metal. 
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Stewart  C0»y 

Cedar  Grove,  N .  J. 


A  complete  line  of  registers,  grilles  and 
scoops  for  all  types  of  industrial  and 
residential  air  conditioning  applica- 
tions. 


Stewart  presents  5-1  .styles  in  2140  sixes  for  engineer  or  contractor  with  special  as  well 
us  standard  specification  requirements.  Kngineenng  data  available,  conveniently 
arranged  for  estimating  large  or  small  installations.  Standard  material  is  cold  rolled 
stool,  but  stainless  steel,  aluminum  and  brass  are  also  available  for  most  products. 

I>KKU'X1TAIHK  Style  DDII,  ALL-WAV  SE- 
LWTIYK  AIKTHHOW,  has  two  banks  of 
individually  adjustable,  fins  -front'  bank  hori- 
zontal, ronr  bank  vortical.  Fins  are  stream- 
lined, J  in.  deep,  spaced  on  J  in.  centers.  Bunk 
of  lever- or  key-operated  I  in.  multiple  valves 
can  be  furnished  as  addition  or  substitution. 
Valve  blades  overlap  when  cloned  and  open 
through  UO  dog  arc.  Overall  si/,e  of  face  2  in. 
greater  than  duct  opening.  PLASTKR  KHAMK 
allows  for  removal  of  grille  when  desired  without- 
damage  to  surrounding  painted  areas.  Unable 
with  composition  duet  and  becomes  the  base  to 
which  register  is  attached. 


I'luxd  r 


The  DKKLKCTAIHK  Line  is  also 
available  with  face  fins  on  ( 'LOS TO 
centers  This  applies  to  all  DK- 
FLKCTA1UK  products,  first  bank 
only.  Spacing  of  lins  on  CLOSE™ 
type  is}  in,  center  to  editor.  Fins 
an*  1  in.  deep,  streamlined,  sturdy, 
lightweight.  Lover  or  key-oper- 
ated  multiple  valv(ks available  with 
('IX)SM  Type  outlets  at»d  returns, 


»Styl«'iM,  MTLriPLK  VALVK  WALL  HI'XiIS 
TKR,  is  a  unit  of  the  Sfe\vart  resitloutlal  line, 

llori'/oidfd  face  bars  1  in,  center  to  center  and 
i  in.  deep,  defied  air  downward.  Multiple 
valve  damper  is  lever  operating.  1  in.  valves 
overlap  \\heis  closed  and  open  on  110  dog  arc, 
Face  bars  can  be  bent  with  removable  key 
furwHliod,  All  grilles  and  registers  have  prime 
coat  finish  raid  sturdy  rubber  gasket  IH  cement  ed 
on  register-,  at.  factory, 


Technical  and  price  information  availab 

cities,  or  at,  factory  headquarters. 

IN  CANAIM*  I>N»  u»,v*  KK»nsi  i.niN'*  '*'».  I.n*.,  1W*  M 


through  representatives  in  all  principal 

«SUY  Hi  ,  M»iN1«J,Al,;t,  FQ, 
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Engineered  Products 
for  Residential,  Com- 
mercial and  Institu- 
tional Air  Condition- 
ing, Heating,  Venti- 
lating 


NEW  BRITAIN,  CONNECTICUT 


AEROFUSE 

Diffuser 

and 
Damper 


The  efficient  performance  of  an  air  con- 
ditioning installation  depends  largely 
upon  the  dcNisn  of  the  distributing 
units.  Tuttlo  &  Bailey  Typo  MA(/1 
Aero  fuse  DifTuHerw,  with  KiTeetive  Area 
Control,  an  exclusive  Tattle  &  Bailey 
feature,  provide  complete  adjustability 
in  the  field  . . .  positive,  job-tailored  con- 
trol at  the  vital  point  of  air  delivery  .  .  . 
agfture  the  correct  air  quantity,  delivered 
as  you  want  it,  where  you  want  it,  evenly 
distributed  and  without  draft H. 

Aerofuse  Diffuser—The  new  Type  KAO 
Aerofu.se  IH  equipped  with  an  auxiliary 
cone,  operated  from  the  face,  which 
provides  a  wimple  method  of  varying  the 


;:dlHill«S!:«iiili3lS:ilil^lSr   ':y""<W::-i' ""•"'  '  "**'"'"*  '•'-••""'•"• 


porfonnancc  of  the  diffuscr  to  meet 
specific  job  rc<{uiroim*ntH. 

Aerofuse  Damper  No.  4    An  improved 

multi-louvre  damper  with  exeluwve  de- 
HiRned-in  feature's  that,  provide  positive 
volume  control.  Addn  ntal  efliciency 
when  iimt ailed  with  Aerofune  DiiTurters. 
Minuln  adjuKliuent  of  voluim*  fur  ue- 
curate  balancing  ,  , ,  mttlti  louvres  divide 
supply  stream,  mean  minimum  turbu- 
lence and  quiet  operation,  Synchronised 
dcilector  vanes  assure  even  distribution 
r«jgardl«kHH  of  volume.  In  open  position, 
damper  provides  efTeetive  area  Ki'i»ater 
than  that  of  corresponding  nizi*  dif- 
fufior  .  .  ,  olose<l,  it  ansureH  J(K)  per  cent 
shut-off.  Taiuper-proof,  lotivntH  may 
be  locked  in  any  position. 


Tuttle  &  Bailey 
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Tri-Fli 


SUPPLY  AIR  GRILLES  AND  REGISTERS 


26               8  x  4 

* 

. 

1 

k  E 

10  x  4 

S    Sip?  i%    a'ssstssas^ssiifflSEWBrtw   fe   s    a 

D    S* 

STANDARD           10  x  § 

1 

JE    .1—  ,-—-  .-^  ,  ,  . 

fe   m 

SIZES                 12  x  4 

( 

.  I  :  d±±5±:  :  :  : 

!  " 

12  x  5 

12  x  0 

1.      V    » 

GRILLES  ^ 

>rovi<le         maximum      shut  tor  unit  for  complete  air      1*   x  «^ 

control    of 

air    d(»fU»rti<)n.    Jiuli-      shut-otT.     Availal>lo  with  vor-      1-   x  > 

vidui.lly 

id  just  a  >le     fac(»    bars,      tical   face  bars  and  horizontal      15  x  5 

pivoted  at. 
horixontal 

front.     Available  with       back    >  ados  ...or  with  hori-      ip  x  r 
or  vortical  bars.                 xontal  fact*  bars  and  horizontal      H)  • 

bacc  blades.                                     ^°  x  r> 

DOUBLE       DEFLECTION                                                  v_r      20x(» 

GRILLES     Provide   adiustabilitv      DOUBLE            DEFLECTION      t>. 
of   both    vortical    and    horizontal      MULTI-SHUTTER       REGIS-      *      * 

direction  of  air  path.     Available      TERS      >  -ovido   maximum   di-      -•   x  ;> 

with  ve  'ti< 

•ai  face  barn  and  hori-      rectional  and  volume  control.      24  x  0 

jcontal  rear  burs  .  .  .  or  with  hori-       Available    with    vertical    iaee      o.j  x  x 

xontal  fiie* 

k    >nrs  ami  vertical  roar      ba,rs,  horizontal  rear  bars  and      t;(      {(. 

bars. 

h«)ri'/ontal    back   blados  .  ,  .  or      "    '      ' 

with  horizontal  fa<ke  bans,  vo.r-      -•*  x    - 

MULTI  -SHUTTER     REGIS-      tiral  rear  barn  and  horizontal      30x0 

TERS    Co 

tubino  )j;rill(*  and  mtilti-      bac  c    >lades,                                     ,^o  x  M 

W  x  10 

;iOx  2 

JUm**^****                  RETURN  AIR                              ;J!  *  * 
GRILLES  AND  REGISTERS    J!  x  2 

10  x  0 

;^ 

10  X  -S 
12  \  0 

on                              111 
cU                         fr 

|lslSE!s™SS5S  r  ' 

12  x  8 

!•>    v       *> 

STANDARD                      II  J 

^  KMw  l<  St^J«fciMMM«feiifc.  b.^k.(!,«,ii&4,«ii,ii!:w.|Li   « 

|J    \       & 

is  x  r> 

SIZES                           |p| 

-t  *£  3  *,         fe**          **M*!M***'k:  u 

%  S&ti  *<  «W|«^UH*^^^MiJw«HHN43 

IS  x    2 

i  *  * 

«  ^  8k  m  «»LW^  J^^wUN  Jw^ul 

IS  \  IK 

i  ®  * 

badftt^uuUiMUMMwi^w'ijJtwbjjiHM    !    : 

*   ft   «K 

Si!  Jfi  iwte  3  2fcUi»4fci»KW»*«»t«|i*»|w«»J+i*  i  M*I.  |*»  n» 

21  x    2 

i         1   ^   * 

^^^pu^wL^rtM-^-^j^^up^^**  ' 

24  x  IS 

]          I  W   ^ 

M  **  ItL.  »»  wl^l^i^S^i^^^^W^^W*^!^*.*^  ft*      5        : 

21  \  24 

L 

;io  x  m 

GRILLES  -FumiHlujdiwHtandani      REGISTERS    Furnwlied       ?w 

"id  x  24 

with  vertical  bars  «et  straight  or      standard  with  vortical  or  hori* 

<ttl  v    IK 

horisjor»t».l   barn  set  at,  anghi   of      /.ou,tai  barsso.t  straight  .  .  Jiori" 

ov#  ft,   1,0 

,'5  d<%                                                  xontal  multi'Shuttor  »  ados, 

:io  x  24 

m  x  30 

SANTROLS 

48  x  24- 

A  flf*xibl<,!  duvlccj  that  provides  positive  control  of  air  volume  as 

48  x  30 

well  m  uniform  distribuf  ioa  <;v«r  th«:  onlire  supply  outlet  ,     Blades 

48  x; 


For 


fully  adjuHtaldc^    Furnlnhwl  m  Htandiird  in  mmit  liti  WZCH  as  Ii,st» 
for'TRt-FMCX. 

engteeerlng  details  write  Tuttle  4  Bailey^  Inc.,  New  Britain,  Conn* 


Air  System  Equipment 


„  Registers 
Grilles 


Titus  Corp. 

WATERLOO,  IOWA 


Titus  Mfg.  Corp.  arc  designers  and  manu- 
facturers of  Airfoil  Grilles  featuring  the 
Airfoil  Lowe— patterned  after  the  air- 
foil section  of  an  airplane.  The  following; 
distinctive  features  identify  Titus  Airfoil 
Louvres.  (1)  Smooth  as  glass  stream- 
lined surface  (2)  Solid  construction  (3) 
Noiseless  performance  (4)  Minimum 
turbulence. 


^|^:|Ji^^ 


270  Airfoil  Grille  (Jives  4 -way  direc- 
tional oontrol.  Louvres  wo ti  on  J  in.  cen- 
ters. Individually  adjustable  to  create 
any  air  pattern  desired. 


274  Multi-Shutter  Register  Airfoil  Lou- 
vres are  featured  in  front.  Individually 
adjustable*.  Hear  multi-shutter  damper 
blades. 


AG-25  Volume  Controllers  provide  posi- 
tive control  of  air  volume.  Blades  indi- 
vidually adjustable.  Sponge  rubber 
gasket  holds  unit  firmly  in  duct. 


276  4-Way  Multi-Shutter  Register  Con- 
sists of  the  #270  4 -way  directional  grille, 
combined  with  a  multi-shutter  dumper. 
Damper  blades  inter-looked  when  closed 
to  provide*  complete  shut  off. 


230  Return  Air  Grille  blades 
centers.  Parallel  to  long  d 
Deep  fins.  Standard  l\  in. 
bonier.  Any  size  grille  mn  I 


RL-21  Return  Air  Grille  The  RL-21 
features  the;  blades  on  "  in.  centers.  They 
present  a  smooth  grille  surface  facili- 
tating easy  cleaning, 

m* 


240  Return  Air  Register  FratureH  rotir 
imilti -shutter  louvres*  <}ui("k  nhut  off, 
Hear  bladt*a  are  deep-spaeed  on  1  in,  ctjn- 

tcrs. 


L 


Air  System  Equipment 


Registers 


r 


United  States  Register  Company 

(icnornl  Ufliccs:  Battle  Creek,  Mich.,  U.S.A. 

Brunches:     M IN NF.A POLLS,  MINN,,  KANSAS  CITY,  Mo.,  AI,IUN\,  X.  V, 
Air  Conditioning  Registers,  Vents  and  Grilles 


No.  153- -Single- Valve  Air  Con- 
ditioning Register-Bans },{  in.  deep 
•  Spaced  -1  openings  to  tho  inch 
affords  Non-Vision.  Can  he  sup- 
plied in  Directional  Flow  in  either 
Horizontal  or  Vertical  Bur  St-ylcs. 
Can  he  furnished  with  all  styles  of 
Setting  Frames. 


No.    249     Multiple  Valve    Air     (Jon 
ditioning    Register.     <live«  complete 
Air  Control.     Vertical  Front.  Bars - 
Key -pin  adjusted  to  provide  45  dog 

Right,  and  Left  or  Two-  way  Side  Flow. 
Lever    operated     Horizontal     Back 
valves  give  from  Full  Closed  to  any 
degree,  of  I'pliow  and  to  45  (leg  Down 

flow.     FHLL   tKA('K     COVK1UUK, 
Can  he  nuppHed  with  any  style  of 

Setting  Frame.     Kit 8  all  Stack  lleadh 
of  Standard  Sixe  DimenHtoiiH. 


i  imHu^'ir^mJi^jPfl  If 

LiJiii^;;:;v:|^i|||||||||  |||  ||;iir|i||t||^| 

,  i 


No-  256-  Multiply  Valve  Flox-har-Air 
(Conditioning  Hogiwter.  V(krtical  Front 

Bans  set  22  deg  Right  and  Left,  Side 
Flow  Deflection  attained  by  netting  of 
(trille  Bars  with  bendiiig  wn^nch  to 
accommodate  room  condition.  Back- 
valves  give  Hauut  I*p  and  Down  con- 
trol of  air  How  an  No.  240  above. 
FULL  FACE  COVKRAGK.  (.Ian  he 
supplied  with  any  style  of  Setting 
Frame,  Fits  all"  Stack  Heads  of 
Standard  Size  DimeriHioriH. 


All  of  above  Styien  cant  be  supplied 
with  eitlter  Lever  or  Individually  ad- 
justed Multiple  VftlvcH  or  Louvern. 

/.r.  177V  VI  .....  Vertical  Viilytsg  Indi- 
vidually adjusted,  145VVL  .....  ^Lever 
operated  Vertical  Valve.s, 

(Jrilleg  and  Vi*ut«  in  Matching  de- 
are  available. 


Horizontal  Bar  Non-Vinwn 

Design  AVrtical    lever    operatinl     rear 


For  Complete  Information  Write  for 
Latest  Catalogs  with  Engiwertog 
Data,  am!  No,  50  Pocket  Manual. 


Complete  Gravity  and  Air  Conditioning  Register,  as  well  us  Fitting  Catalogs 

OE  request. 
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Air  System  Equipment  •  Air  Flow  Regulators 


Young  Regulator 

5209  Euclid  Avenue,  Cleveland  3,  Ohio 
DAMPER  REGULATORS;  REMOTE  CONTROLS  SYSTEMS 

Sales  Representatives  in  Principal  Cities 

Young  Regulators  meet  practically  every 
condition  where  damper  regulators  are  re- 
quired for  controlling  air  volume. 
No.  1  A—For  installation  on  finis  hod  wall. 

May  be  locked  in  any  position. 
No.  700 A— For  remote  control   of  one  or 

more  dampers  at  distances  up  to  250  ft. 
No.  704— Corner  pulley  eliminates  friction 

where  there  are  many  turns. 
No.  301 A  and  20 1 A  --For  imbedding  in  pi  as- 
ter. Cover  plate  (lush  with  finished  wall. 
No.  005  ami  002— Hearing  set  used  in  place 

of  CHS  rod  when  regulator  Is  mounted 

on  side  of  duct.. 
No.  G5(i--  Mud  hearing  provides  a  hen  ring  for 

the  dumper  rod  at  side  away  from  regu- 
lator and  luts  a  rubber  gasket,  which 

prevents  air  leakage. 
No.  401  A— Valcalox  regulator  for  mounting 

on  duct.  May  be  locked  in  uny  position. 
No.  4  -Adaptor for connectingdifferent sixes 

and  shapes  of  damper  rods  to  various 

models   of   regulators    and    to   adjust 

length  of  rod. 
No,  403A™-Valea.lox  for  mounting  on  duct, 

lever  adjustment.  May  be  locked  in  any 

position. 
No.  1)10— Convee.tor  regulator  for  operating 

damper  hinged  on  hack  of  an  enclosure. 
No.  1)00 A    Air  split  regulator  for  operating 

a  split, tor  damper. 
No,  (JI't  --(Jonc.ealed  air  split  regulator  wit  h 

mitre  gears  used  when  the  regulator  is 

operated  from  a  suspended  ceiling. 
No.  9 If)-  -Volume  control  grille  gives  equal 

distribution  of  air  over  entire  grille  and          ***°^  ,^jyt; 

directional  How, 
No.  S07   -Register  with  damper  For  opera-  t$  ><f 

tlon  by  remote  (Mnitrol  Xo,  700 A.  *~     -  '*,. 

No.  <SOf)  -Damper  only  for  operation  by  re 

mote  control  No,  700A. 
N<>  4tl!A  No.  Hlf>  -Relief  damper  with  motor  and  re- 

motc  bulb  thermostat  controls  temper' 

alimi  of  individual  rooms. 


'•<%*. 

:^--,nr  - 
i..  '..-  ':  ' J 

AX  i,  I'! 

„*•%'' 


^ 
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Air  System  Equipment .  S 


Arraco  Corporation 

Executive  Offices,  Middletown,  Ohio 


ATLANTA  3,  (5a,, 

1437  t  'it  ixt'iib  A:  Sout  horn  Natl.  Bank  BM«. 
BAi/mioiiF,  13,  Mn.  3400    K.    t'hiihtt    !5t. 

BKUKFLF.Y  10,  CALIF,      Seventh  and  Parker  Streets 
BOSTON  Ki,  MAMS.  ,,   ,         431)   Pnrk  Squuro   Bldtf. 

aU4  Buffalo  fiulm- trial  Bank  Bld^. 
CmcAt.o  4,  Iu,..        JtlU   S.    Michigan    Av<>. 
CiNCiSN'.vn  2ti,  OHIO  S2.'{  Delta  Av<\ 

CLF.VULANU  !«"»»  OHIO 

15 Hi  20  B.  F,  Keith  B1<1«.  f" 
Coi.eMHT  s  1.1,  OHM  ,  724  Atln«  Bldg.  \ 
DAIJ.AH  J,  TI-'.SAH 

LS20  M  uttd  \V  Tower  Bld«, 
DA 


IIorHTON  2,  TKXAK    1040  Commerce  Bldg. 

INMAXAPOMK  4,  IND.  .,     800  KlefcchiT  Trust  Bldg. 

KAXSAH  Cnv  3,  Mo 7100  Hobcrts  St. 

L<tH  ANCJKLKH  15,  C-AMP 328  Petroleum  Bldg. 

LorwviLU-;  2,  Kr Starkw    Bldg. 

MlLAVAl  KKF.2,  WlS. 

1127  Kir.st  Wisconwin  Natl.  Bank  Bldg. 

^[iNN'KAPOLIH  1,  AIlNN', 

Dl!)  Metropolitan  Life  Bldg. 

Ni-;u'  YUKK  ii,  N.  V 120    Broadway 


j  NKW  YOKK  fl,  N.  Y.... 

LS20  M  :md  \V  Tower  Bld«,  P^v"'/""^  PrrrHj»ctt«n22,  PA.' 

.VTus"   2,   OHIO  \\  / /                                    lf.27  Henry  W, Oliver  B1<1«. 

1SII2  The  Iluliimn  Bhljr.  \^/  S't\  Lonn  I,  Mo.         H17  AmhuHwulop  Bhlg. 

.Tuoir  2,  Mini,  V/  ^ot'Tit  BKNI>  21,  Im>,,    3202  \V.  Sample  St. 


Choose  the  Correct  ARMCO  Grade 

There  is  a  f^rade  of  Annro  Sheet  Steel  e.speeially  .suited  toonohiur  eonditioiun^  appli- 
cation. Kor  detailed  inft»nn:i,f  ion  ^<it,  in  touch  with  the  nearest  district  oHiee  »)r  write 
direct  to  Anuco  Steel  C  >r>rporati<>n}  -1X1  Curtis  St.,  Middlctown,  Ohio, 


ARMCO  ZIHCGRIP 


A  special  zinc  -coat  c<!  sheet  that  can 
lie,  severely  formed  without  peeling;  or 
flaking  of  the  tightly  adherent  /<inc  eiml- 
ing.  The  coating  is  lf>  4f>  per  c-eis<  more 
atmospheric  corro.sion  resistant  than 
etjiial  \\c-ight  coatings  on  regular  gal  • 
vani/eii  ;-iiicels» 

1  f'scd  for; 

Ducts  ^severe  fabrication) 
Squirrel  <  'age  Type  Hlowern 

Fan 
(  'a 


ARMCO  ZINCGRIP-PAINTGRIP 

Sufue  a**  An\i<"u  Zixrouil1,  but  with  a 
mill  Bomler'wd  finish  for  immediate 
painting  without  pre -treatment.  Pre- 
nervert  life  uud  beauty  of  paint  and 
enamel, 

t'sctl  f<^r: 
I)uet*s  (painted) 

All  parts  to  be  painted 

Armeo  ( "old  -Holli.d   PAIN'T^KII*!   For 

painted  jippii^utioiw  under  lew  corro.sive 
4'oiiditioim,    Tak«*s  and  holdn  paint. 


ARMCO  Stainless  Steel 

Armco  Stninlesw  St.ecl  is  available  in 
a  variety  of  types  ami  finishes  in  sheets, 
strip,  bars,  wire,  plates  and  angles. 

Tsed  for: 

Oil  Burner  Nobles 

Worm  Feed  for  StokerH 

Hibbon  Type  Burners 

Combustion  ( Chambers 

Heat  Flues  and  Tube.s 

Humidifier  l*ans 
Fan  and  Blower  Blades 

Parts  of  ( 'ontroln 

Vaporiifling  Oil  Burner 

Trim 

Special  grades  hjivrj  excellent  resist- 
ance to  destructive  heat,  scaling  up  to 
yiMHI'F.  Also  highly  corrosion  resistant. 


ARMCO  ALUMINIZED  Steel 


An  aluitiiiituu  coat^l  nheet  steel  with  j»x(:i»pti<»nal  rchintanei'  to  a,  Combination  of 

ejttjtnd  corrosion,     UewtHtHhcat  dtHcolonttion  up  t,i»  {ipproxinutlely  lKHri\a»d  will 
itlsHland  hrat  Healing  up  to  1^1    F,     Alno  «*flerH  exception:*!  lie;t!  reflect  ivity, 


C  %*nibti«tioit 
Ileat  Kxcl 


U«ed  for: 

Inn*'!*  CaKtiiKH  on  Floor  Kur!iae»*« 

Uefieetive  BaflieH  on  H.-tdiaiil  Hi'nten 

rziT 


Air  System  Equipment  •  Sheet 


Corporation  Subsidiaries 

AMERICAN  STEEL  &  WIRE  COMPANY,  GENERAL  OFFICES - 

CLEVELAND,  OHIO 

CARNEGIE-ILLINOIS  STEEL  CORPORATION.  PITTSBURGH  <fe  CHICAGO 
COLUMBIA  STEEL  COMPANY,  SAN  FRANCISCO 

NATIONAL  TUBE  COMPANY,  PITTSBURGH 
TENNESSEE  COAL,  IRON  «fc  RAILROAD  COMPANY,  BIRMINGHAM 

UNITEB  STATES  STEEL  SUPPLY  COMPANY, 

WAREHOUSE  DISTRIBUTORS,  COAST-TO-COAST 

UNITED  STATES  STEEL  EXPORT  COMPANY,  NEW  YORK 


U.S.S  STAINLESS  STEEL 

for  maximum  resistance  to  severely  corrosive 

and  high  temperature  conditions 


In  chemical  plants  and  laboratories, 
ductwork  is  put  to  its  severest  test.  Hen1, 
under  conditions  that  spell  early  failure 
for  less  efficient  materials,  fume  hoods 
and  ventilating  duets  fabricated  of 
U.S.S  Stainless  Steel  give  highly  satis- 
factory service.  10 von  when  handling  the 
fumes  of  very  corrosive  acids,  (J.S.S 
Stainless  construction  pays  for  itself  by 
Insuring  high  resistance  to  corrosive 
attack. 

Its  greater  ease  of  cleaning,  its  structural 
strength  with  minimum  weight,  its 


p.s.S  Stainless  Steel  is  produced  iu  a 

Wi<j0  variety  of  analyses,  finishes,  sues 


freedom  from  danger  of   product  con-      nml    forms   to   meet    practicall 


y    every 


tamination,  and  its  high  resistance  to 
extremes  of  temperature  are  further 
money  -saving  ad  van  ta  gen. 


condition  of  use  and  fabrication.  Our 
engineers  are  specialists  in  its  use  and 
will  gladly  assist  you  in  its  application, 


Other  U.S.S  Steels  famous  for  superior  service 

U.S.S  GALVANIZED  STEEL  -for  duct-      XJ.S.S      GALVANIZED      PAINTBOND 
work  carrying  humidified  air  and  for      STEEL    for  ductwork  requiring  imnn»di 
ducts  in  damp  locations. 

U.S.S  COPPER  STEEL— coated  or  un- 


utc  painting  without  preliminary  treat- 
ment or  weathering.  Paint  will  not  flake, 
Bonderim!  .surface  prevents  deterioraf  • 


coated,  Insures  increased  resistance  to      "Auction  b«tw«t»u  paint  nml 

^ 


corrosion,  and  increase*  life  under  all 

,...          ,     ,          ,     . 
conditions  of  atmoHphene  expomire, 


the  Went. 


'  n    - 

,  iHaviulaMem  fh«  South  aw! 
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Bends,  Coils,  Fittings  •  fXsion 


Badger  Manufacturing  Company 

2M-  2liO  Bcni  St.,  Cambridge  41,  Mass.    •   500  Fifth  Ave.,  New  York 


tiMs  in  principal  rifi 


Badger  "PACKXESS" 
Corrugated  Expansion  Joint 

For   pipe   lines     to   relievo  stresses,  ab 
sorb  vibrations,  compensate  for  expan- 
sion and  contraction  due  to  temperature 
changes. 


juum 


EXCLUSIVE  f///-n/M'  corrugations  equalize  stresses 

Directed  Flexing  Solf-Kqunli/Jiiju;  H'mgw  on  Badger  Joints  assure  oven  dis- 
frihuf  ion  of  ,sf  resses  uhef  her  caused  by  tiw/ifftttun',  /;/v,v,sv//v'or  tnopt'tncnt  .  .  . 

no  excessive  .-.IraiiiK, 


INSTALLATION,  OPERATING,  MAINTENANCE  ECONOMIES 


"Facklcssft    Made  from  a  f-hujlt  lain  .  ,  , 
no  packing  ,  .  ,  no  .sei'vieing  so  no  man- 
!ntley  or  tunnel*-'  are  required. 
Flexible     Fust     response    to    movement 
reduees  to  minimum  the  thrust  on  ad 
jaeent  equipment . 

Wide  range  of  traverses  By  var>ini; 
the  number  of  e<irruK*'tlion.s,  traverses 
from  a  t'ncefion  of  an  inch  up  to  any 
prarlieal  limit  are  pu.iMble, 

Wide  runge  of  pressures  Slajidani 
joint,-;  t'or  normal  pre.^surerf  ,  ,  .  Kptn-ial 
joints,  for1  higher  pre^stu'e.*', 

Compact,  easy  to  install    Outside  diain 

efer  is  ahonl  fli«*  .same  a,**  r**f4,ular  pipe 
llunge  nt>thiiti;  r)um.\\  «»r  liard  to  in 

Htilll. 


Directed  flexing,  all  eurve  corrugations 
plus    all  rurve    self  equjduintf     rin^.s 
M\efu,sive  feafm*«»s  on  Badger  Join  Is  pre 
vent     stresM'S     fn»ut     Ittt'tili^jntj     aH^urit 
lonjjt   Iif(%  greater  dcpeudnbilit  v.  Hin^H 
Ihnjt    and    fit'tufri'miii'i  ly    cnidml    !l«*\in^ 
movement . 

Heat    treatment    Scientific    he;ti  treat* 
men!  during  maiwl'aeture  removes  fonu» 

iny,    M  reuses  .  ,  ,  len^;!h<*iiri    Ht'e    *»!'    the. 
joint , 

Available  in  copper,  stainless  steel  and 
other  metals    To  ovrreowr  temperature, 

ore^HUre  and  r*orroyion  roitdif i<m. 


,  Calls,  FlttmgS  *  Expansion  Joints 


Chicago  Metal  Corporation 

EXPANSION  JOINT  DIVISION 
May  wood,  Illinois 

PLANTS 

Maywood,  Elgin  and  Rock  Falls,  111. 

District  Offices 

Atlanta  Boston  Chicago  Cleveland  Detroit  Ft.  Worth 

Los  Angeles  New  York  Philadelphia  Pittsburgh  San  Francisco 

In  Canada:  Canadian  Metal  Hose  Company,  Ltd,,  Bntmpton,  Ontario 


CMH  CONTROLLBD-FLEXING  EXPANSION  JOINTS 
For  pressures  up  to  300  psi— temperatures  to  1600  F. 


CMH  Controlled-Flexing  Expansion 
Joints  combine  CMH  "engineered  curva- 
ture of  corrugations"  with  precision  de- 
signed control  rings.  The  corrugation- 
mated  control  rings  provide  guided 
flexing  of  the  joint  and  prevent  any  per- 
manent deformation  of  corrugations. 
Control  rings  are  firmly  anchored  into 


corrugations  to  close  working  dimension 
tolerances.  Expansion  travel  up  to  7| 
in.  may  be  secured  with  a  single  CMH 
Expansion  Joint. 

Standard  sizc\s  from  3  in,  to  24  in,  T,D. 
in  either  stainless  stool  or  copper.  Avail- 
able with  or  without  stainless  stool  in- 
ternal sleeves. 


Cut-away  view  of  CMH  Con  trotted- Flexiny  Expan-       CM  If  Ctmtralkd-Mfxing  PJxpanttwn  Joint  with  Wrfd- 
"  nnt  with  flanged  ends,  ing  Ends, 


(jut-away  mew  oj  u&lll   (;or 
awn  Joint  with  flanged  ends. 


CMH  FREE-FLEXING 

For  pressures  up  to  30  psi  . 

CMH  Free- Flexing  Klxpannion  Joints 
are  made  with  single  or  multiple  corru- 
gations. Designed  for  expansion  travel 
up  to  1  in.  per  unit.  Used  in  low  to  mod- 
erate pressure  systems  for  controlling 
expansion  up  to  -f#  in.  with  each  expan- 
sion joint.  Additionally,  misalignment 
correction  or  offset  motion  is  calculated 
at  iV  in.  per  corrugation  when  two  or 


EXPANSION  JOINTS 

.  .  temperatures  to  1000  F. 

more  corrugations  aro  UHotL  Whim  more 
than  four  corrugatioim  are  uHod  a  greater 
lateral  motion  may  be,  allowed  t  depend- 
ing on  service  requirements. 

Standard  Hisses  from  If  in,  to  21  in.  I.I), 
in  cither  stainless  Htoel  or  copper.  Avail- 
able with  or  without  Ht-amlosn  ntoel  In- 
ternal sleeves. 


Left— CMII  Free-Flexing  Expansion  JointH 
with  multiplo-corrugiitioiiH  require  JOHH  force  to 
compress  than  single-corrugation  joints.  Force 
necessary  to  compress  multiple-corrugation 
joints  may  be  calculated  for  copper  by  multi- 
plying irwide  diameter  In  inches  by  100;  for 
HtainlosH  stool,  150  timoH  diameter  in  inches. 
Right —CM  II  single-corrugation  KxpariHion 
|Joint  for  travel  up  to  -J  in,  Porco  in  poumLn 
neeoHBary  to  comproHH  joint  J  in,  may  be  rulou- 
latod  for  copper  l>y  multiplying  200  by  inside 
diameter  of  pipe  in  inches;  for  HtainloHH  Ktool, 
multiply  pipe  diameter  in  incites  by  300, 
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Bends,  Coils  9  Fittings 


Arthur  &  Co, 


210  21 S  X.  Aberdeen  Street 


Chicago  7,  111, 


ENGINEERS   AND  BRONZE   FOUNDERS— FABRICATORS 
OF    NON-FERROUS    METALS    AND    STAINLESS    STEEL 


Metals  Fabricated- -Aluminum,  Block  Tin,  Brass,  Bronze,  Copper,  Kverdur,  Mone.l, 
Nickel,  Ineonol,  Stainless  Steel  and  KA2SMO.     Bulletin  on  request. 


Bends 


We  make  bends  in  every  shape  from  all  si/,cs  of  copper  tube,  pipe  and  tubing  in 
copper,  brass,  aluminum,  stainless  steel,  moiiol,  tin  and  nickel,  Standard  or  special 
connections.  V  bends  for  .storage  water  boaters. 

Also  special  pipe  work  for  industrial  installations,  plumbing,  heating  and  i»rc\\ing. 

Non-Ferrous  Castings  — "Uairywbite"  nickel  silver  for  Process  Industries  Kquip- 
mont.  Suitable4  for  milk  and  food  products  machinery,  Tastings  also  of  SS-1D-2. 
80-10-10,  85-5-5-5,  wilieon  bronze  au<l  manganese  bron/,0,  an<l  special  mixtures. 


Coils 

For  heating,  cooling  and  con- 
densing. All  shapes  made  from 
any  HMC  pipe  nr  tube'  Htatulard  or 
KpfM'inl  <'(>r»n<*(*tion8t  of  copper, 

branBT  aluminum,  HiamloKK  steel, 
KA2  HMO,  inonelt  inconol,  nicked, 
block  tin,  and  Kverdur. 


Ktnnn 


/£  rw/  Comvj 


n  SHI  i'tmfM'f 

Metal  Floats 


Copper  Expansion  Joints 

For  low  prc.BHure  and  vacuum, 
Made  in  two  Hlyfe.s  -  convex 
and  concave,  Sixes  4  in.  to  GO 
in,  diameter.  Cant  iron  or Kt col 
flnn^eH,  I'lan^en  drilled  f,o 
Aiuoricnn  Htandard  tinleHH 
otherwise  ordered:  B  UtIO  avail- 
able only  in  sixes  4  in,  to  15 
in.  inclusive. 


yi<d<*iilw*lnfnt  Cyltndnml  ('ylintinrttl 

Ma<le  of  -copper,  plain  ^teelT  copper  plated  stool,  Htainie.HH  stool,  KA2  S,M<  K  alumi" 

nuin,  brfiKH,    Moin^l,  pun*  nickel,   Adunr;«liy  nnd   Kvenlur,  for  open  tank  :ind  all 


. 

eKM  copper  ball  i!<*afH  carried  in  stock  in  dinuieterH  of  %  in,,  4  in,,  5  in.,  *»  in,  ^7 
in.»  H  in,,  10  in.»  1*2  in,  for  open  Initk  and  preHHures  of"  Hfk  afj,  10(1  anil  i^)  lb«  Floats  in 
Hf»i*i!L*iI  ftzxen  liiid  pi'ewHtin'S1  innde  to  order,  ritjviuloss  Hlool  ball  float  H  2!  /»  in,  in  12  ifi. 
for  hi(jjh  pressure,  itnd  corrosion  cnrried  in  Kfock  ••  special  stainless  nteol  tluntrt  inside 
to  ordiT-  .....  Htainle.wHttteel  bull  HoutH  larger  tban  1*J  in.  diiuiteJor  can  l»e  tna<!e  up  «p*t- 

Kloat  catitlo^  went  r^n  re(jue«t, 

1UI1 


Bends,  Coils,  Fittings 


PROGRESS 


Ladish  Co, 

Cudahy,  Wisconsin  (Milwaukee  Suburb) 

DISTRICT  OFFICES :  New  York.  Buffalo,  Pittsburg, 
Philadelphia,  Cleveland,  Chicago,  St.  Paul,  St.  Louis, 
Atlanta,  Houston,  Los  Angeles 


The  Complete  Fittings  Line  .  .  . 

LADISH  Controlled  Quality 

FORGED  and  SEAMLESS  WELDING  FITTINGS 


SEAMLESS  WELDING  FITTINGS 

Sixes  i  inch  through, HO  inches.  Standard  Wright 
through  Double  Kxt  r.'t  Strong.  Complete  line 
includes  such  now  developments  as  the  Seam  • 
lows  Reducing  Klbow  and  Kull  Branch  Taper 
Designed  Too. 


FORGED  STEEL  FLANGES 

SIBOH  J  inch  through  .'W  inches,  1">()  pr>undn 
Mirough  25(H)  pouudw  pressure.  Large  O.D, 
Kla,ng<tH-  2(>  ineh(»H  through  !K>  inches,  Lottg 
W<jl(ling  Nc»<'k  Flanges  1  iueli  through  21 
inches,  I«r>0  pounds  through  2."»(K)  pounds 
press  tiro. 


FORGED  STEEL  FITTINGS 

Screwed  and  Socket'  Welding  types  In  .sixes 
from  \  inch  through  1  inches',  201 H)  pounds 
through  0000  pounds  pressure,  Line  also  in  > 
eludes  complete  ningc  of  types  and  .sixes  of 
plugs,  hu,shiagH,  rou|»lings  and  oth(*r  bar, stock 


All  available  in  carbon,  stainless  and  alloy  steels,  aluminum,  copper  and  other 

non-ferrous  metals- 
Forged  under  rigid  metallurgical  and  mannfnel unrig  controls,  LudLsh 
fittings  provide  a,n  extra  assurance  of  dependable  performance,  Certified 
laboratory  reports  attesting  to  the  metallurgical  integrity  of  Ladish  fitting* 
arc  made  available  through  the  distinctive  steel  heat  code  identification  on 
each  Ladish  fitting.  Ladmh  catalogs  giving  detailed  information  on  the 
complete  Controlled  Quality  lino  are  available  on  request. 
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Bends,  Coils,  Fittings  •  sJSd2a« 


Taylor  Forge  &  Pipe  Works 

General  Offices  &  Works:  Chicago  90,  111-  (P.  0.  Box  485) 


Eastern  Plant;  Carnegie,  Pa. 


Western  Plant:  Font  on  a,  Calif. 


TAYLOR  FORGE 


WeldELLS 


District 

Now  York:  50  t  'hurrh  Street      _  Chieago  Di.strir.t  Sales:  208  »S.  LaSalh"  St. 

Philadelphia.'  Brond  Street  Station  Bldg.  Houston:  City  National  Bank  Bldg;. 

Pittsburgh:  First  National  Bank  Bldg.  Los  Angeles;  Subway  Terminal  Bldg, 

I  Hstributor.s  in  all  industrial  trading  ar<»aa. 


M*9,+* 
^gjjjjjj    /\ 


lrt  Tec, 


Kadiun  WddKLL 


Lateral  Long  Radius  /Mum  Hand 


Whatever  your  piping  requirements  the  Taylor  Forge 
line  "\\Vld'KLLS  and  Forced  Steel  Flnng;e8  will  meet 
thi^m.The  Taylor  For^e  line  otTcrs  n  \\ider  range  of  typ<\st 
si/es  and  weights  in  a  compU'te  run^e  of  ixmtenal^  Pop 
ular  ranges  are  listed  helow;  more  (Complete  ranges  in  the 
l»ig;  Tavlor  For^e  catalog, 

Write  "for  thi"  umm  of  your  nearby  Taylor  KorKC^chs- 
tributor,  who  carrieH  coniprelienaivc^  Ktook«  of  WeldKLLS 
and  Flanges. 

Welding  Fitting*— Range  of  Sizes 


St»miani        Kxtre 
Wi'ittht        Htro«ir 


Bends,  Coils,  Fittings  • 


Pipe  Welding 
Specialties 


Tube  Turns,  Inc. 

General  Offices  and  Factory:  Louisville  1,  Ky. 

TRADE  MARK  DISTRICT  OFFICES:  TRADE  MARK 

CHICAGO,  Suite  904,  000  S.  Michigan  Avo.  NKW  YORK,  150  Broadway     ,     .  Rector  2-7.H44 

IIArrLson  7-8527       PJULADKLPIII  v,  Broad  Street  Station  Hldtf  , 
HOUSTON,  1706  Commerce  Bids.-  •        Charter  4-1(11)8  Rilti»nh<>'us<»  f^07l)<> 

Los  ANGELES,  1489  W.  Washington  Blvd.  Prmiiwiuur,  3001  Oant  HIdg Atlantic  SS4S 

Prosport  S745       TULHA,  317  tio.  Detroit  Avo Phono 'Ml<? 

SAN  FRANCISCO,  2011  HUSH  Bids..       Gurlield  1-2594  ' 

DISTRIBUTORS  IN  PRINCIPAL    CITIES 


jL    Jf  .%   *J  *m 

W  ^%.      MJSfi«*i4ttaM«.  '  Aaou*i*«*«uy«  »*' 


Outlet  V 


)  Long 

SO"  Short  Radius  Elbow     90°  Long  Radius  Elbow    Radius  1'Jlbow 
In  addition  to  carbon  steel  welding  fittings  listed  here, 
the  complete  Tube-Turn  line  embraces  ninny  alloys- 
types  304,  347  and  31 6  stainless,  carbon  moly  and  chrome 
raoly  steels,  copper,  aluminum,  brms,  Monel,  Incouol, 
nickel  and  wrought  iron.     Dimensions  anil  engineering 
data  are   included  in   the  Tube-Turn  Stainless    Steel 
Catalog  and  Catalog  No.  lit,  sent  on  request. 
TUBE-TURN  SEAMLESS  WELDING  FITTINGS-RANGE  OF  SIZES 


Description 


Elbows— 90°  Long 
Elbows— 9tt°  Short 
Elbows— '45°  Long 
Refcuni8-~-180°  LOIIK 
Eeturns—1800  Short 
Returns— 180°  Ex.  LOOK 
Teea— Straight 
Teas— Reducing  Outlet 
Reducers— C/oriccntric 

and  Itlocentric 
Caps 

Stub  EndH~-Lup  Joint 
Saddles 

Lateralfl—Straight 
Lateralfi— Red  uoin  K 
Crosses— Strai  gh  t 
Rings— Welding 
Sleevea— Wolding 


Stand- 

ard 
Weight 


Description 

Welding'Neck  ~ 
Slip-On 
Lap  Joint 
Threaded 
Blind 

Socket  Type 
ReducinK— Slip- 

On  or  Threaded 
Orifice— 

Threaded 

Slip-On 

Welding  Neck 


*  30"'  sisse  short  radius.    **  Do  not  conform  to  iron  pipe  HIZO  thi«»krte»HC*H. 
TUBE-TURN  FORGED  STEEL  FLANGES-RANGE  OF  SIZES 


t  Dimensions  on  sizes  thru  3iff  same  as  for  600  Ib.  (langen. 
*  DimcnRions  on  Biases  thru  2|"  same  as  for  1500  Ib.  Hanger 
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Controls  and  Instruments 


Valve  Company 

ENGINEERED  REFRIGERANT  CONTROLS 

Xf)l  Kin&sland  Avomio,  St.  Louis  r>,  Mo. 
XK\V  YORK  OKFirK:  122  KAST  -12xi)  STUKKT 

('ni<  v«.o  On  n  i  :  24UU  Wr.st  MAKISUV  AVKNVK. 


THE  COMPLETE  LINE  OF  REFRIGERANT  CONTROLS 

AIXX)  THERMO  EXPANSION  VALVES 

THERMO  EXPANSION"  VALVES:  for  automatic  control  of  liquid  rofrigorant  on  all 
iyprs  of  refrigeration  and  air  conditioning  systems,  Capacities  -from  fractional 
tonnai^  to  100  tons  Mclliyl  Chloride,  50  ions  "  Fivon»12." 


S1? rulrtw  in  I " 


Type  TK - 


AIXX)  SOLENOID 
VALVES 

SOLENOID  VALVES:  for 
all  types  of  nrrvicc.  For 
Liquid;  MFn*uuM  up  to  75 
tons,  Mel  hyl  ( 'hloride  up 

to  15(1  tons.  For  Suction: 
"Frroti"  up  <o  S,S  I  OILS, 

Methyl  Chloride    up  to  17 


AIXX)  AMMONIA  CONTROLS 

AMMONIA  CONTROLS:  Solenoid  Li- 
quid Valves  up  io  17'J  tons,  S<ilen«nd 
Suction  Valves  upfo^Hlonn.  1'henno 
FxpaiiHJon  \'alve,s  from  fmctinnnl  ton- 
na^e  to  110  fofjn. 


AIXX)  SUCTION  LINE  CONTROLS 


ALCO  also  makes:  Holnnoid  Vnlv<»H  for  brine,  wator,  «««>  air  and  wtcani—  Float 
Switehtw  -IfiKli   PrcBHtire   t4'l«Ht   Viilv(*H—(Jon«tant   Pmfewro   Kxpan«ioa  V&lv««  — 

Littii(l  ami  Hw;tiwit  Lim  ,Straiiier«, 
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Controls  and  Instruments 


COMBUSTION  CONTROL  CORPORATION 


Flame  Failure  Safeguards 


For  Oil  and  Gas  Flames 


77  Broadway,  Cambridge  42,  Mass. 

Philadelphia—  Chicago— Sun  !<Ynncisco 
District  Offices  in  all  Principal  Cities 


Type  45PI15 


Type  2 


Type  4SJP1 


FIREYE  PHOTOELECTRIC  FLAME  FAILURE  SAFEGUARD  AND 
PROGRAMMING  CONTROL  FOR  OIL  BURNERS 

Complete  operating  and  starting  protection  for 
industrial  and  commercial  oil  burners  with 
Flame  Rod  protection  of  gas  pilot.  Type  24PJ8 
automatically  starts  burner  and  programs  se- 
quence of  gas  pilot,  ignition,  burner  motor,  oil 
valves,  providing  scavenging  period,  fuel  valve 
delay,  post  jgnition  time.  Flame  Rod,  Type 
45JP1,  monitors  gas  pilot  llame,  preventing 
opening  of  oil  valve  unless  gas  pilot  is  estab- 
lished. Scanner  Type  45PII5  takes  over  mon- 
itoring of  oil  flame  after  pilot  is  established. 
Failure  of  either  ^as  flame  during  ignition  or 
inain  oil  flame  during  normal  operation  results 
in  immediate  shutdown  of  burner  system. 

Fireye  equipment  is  available  in  combina- 
tions providing  one  or  all  of  these  safeguard 
functions,  depending  on  requirements  of  instal- 
lation. 

FIREYE  ELECTRONIC  ROD  FLAME  FAILURE  SAFEGUARD 
AND  CONTROL  FOR  GAS  BURNERS 

Operating  protection  for  industrial  and  com- 
mercial gas  burners.  Flame  Rod  Type  45JQ1 
constantly  monitors  gas  pilot  flame  after  its 
manual  or  electric  ignition.  Main  gas  valve 
cannot  open  until  Flame  Rod  indicates  pilot 
flame  is  established.  Pilot  flame  failure  after 
opening  of  main  fuel  valve  is  instantly  signalled 
by  Flame  Rod  to  Electronic  Control  Type 
24QJ5,  which  immediately  shuts  off  Burner, 

Fireyc  equipment  is  designed  with  completely 
fail-safe  characteristics.  Any  circuit  element 
failure  results  in  system  shutdown.  A  built-in 
low- voltage  interlock  completely  chocks  sys- 
tem, internal  and  external  to  control,  on  each 
burner  recycle. 

PHOTOSWITCH  SMOKE  DETECTORS  FOR 
AIR  CONDITIONING  DUCT  SYSTEMS 

Photoelcetronicully  monilorn  duct  Hynt«*mH 
detecting  the  presence  of  even  small  amountH 
of  smoke.  At  the  firnt  m'gn  of  smoke,  Photo- 

Hwitch  Type  A28K  automatically  tunm  off 
blowers,  closes  automatic,  l<mvrJ?H,  and  sig- 
nals the  maintenance  department.  Recom- 
mended for  use  in  theutren,  ntontn,  hoieln, 
and  other  locationn  when*  the  prt*««n<jfs  of 
amoke  is  a  hazard  to  property  or  a  p<j 
cause  of  panic* 


Tvpe  LSOK 
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Controls  and  Instruments 


The  Electric  Auto-Lite  Company 

INSTRUMENT  AND  GAUGE  DIVISION 


TOLEDO  1,  OHIO 

NEW  YORK  •  CHICAGO  .  SARNIA,  ONTARIO 


TEMPERATURE  INDICATING  &  RECORDING  THERMOMETERS 


Model  500  Recording  Thermometer 

Temperature  cvdes  are  permanently 
charted  by  tin;  Autu  Lilt*  Model  5(K)  Re- 
corder, Precision  -engineered  for  arm- 
racy,  it  has  legible**  in,  chart,  Uniformly 
spaced  subdivisions  insure  accurate  rend*  • 
intfs,  Tin*  movement  i,s  liquid  filled  and 
responsive  to  changes  throughout  the 
temperature  rang*1.  Head  is  compen- 
sated f'»r  f  i'luprnif  nr«*  c 


in    liquid**, 


All  rt*<'t»n!<»r,s  ;irr  <*itrfas«n!  In  dttstprotif 
ami  tnotrtturrprtMif  aluminum  <MH(.  <:UW*H. 
*\J(>v<*iu«'nlH  and  all  acluuf  in^  jiarin  atadn 
of  nun  Fpfn»fiH  mi'tnln.  With  douhi** 
bnti<i<*d  H«vvihl«*  nnuon*d  capillary  iufnng 
of  hron/(*  coiuoNition  <»r  in  ift.Kttitii  ri^id 


standard    chart 

and    phw 


(*hni<*«»  uf  24'  hour  or  7  -day  nuu: 
<'!<><:  k  iiM»vi'ru(«nt,  <'t>!aph*t<e  with  HK) 
charts*  hotU**  of  rfronW  ink,  ink 
dropper.  Wid<*  <*h<iin*  of  t«»itipt*r.'ttunt 


Mudi'l  M\  IK  nutd*1  in  H  Kfuiuiard  typ«*rt: 
WALL  M(»tr\TIN<S,  with  bracki'tH  for 
luouuting;;  bottom  ttonn(*«tiotu  POUT- 
ABLH  with  npotti-wottad  capillary,  and 

Htrnp  Imiidh*.  PORTABLE,  "SKLF 
CONTAINKD,  with  Hfrap  Iiamilt*. 


Model  P-l  Indicating  Thermometer 

This  thermometer  is  designed  to  facili- 
tate systematic  temperature  observation 
for  air  conditioning,  refrigeration  or 
heat  ing  applications.  It  has  targe,  easily 
read  dial,  evenly  calibrated  and  fully 
compensated  for  temperature  changes  a*t 
f  he  indicating  head,  ( 'hoiec  of  tempera- 
turc  ranges  between  minus  -HTF  to  plus 

Kqui[>ped  with  flexible  capillary  tubing 
for  distance  reading,  or  with  rigid  stem 
for  direct,  mount  ing. 

Auto-Lite's  perfected  omt'fo-une.  liquid 
filled  movement  eliminates  delicate 
parts.  Due  to  its  strong  construction, 
t  hcse  instruments  an*  particularly  .suited 
for  installation  on  equipment  where  vi- 
bration is  a  factor, 
Available  withadjunlu1 
contact  at  small  added  cost 

Model  I'M    -T4  in,  dial 
width 

Model  F-ii  -I  m.dmi 

width 

Diagram  at  right  shows 
!t  positions  jit,  which  Atito- 
Lite  Indicating  Ther- 
mometers may  be 
mounted  by  .screw  adjust- 
ment. 

,V«wJf/w  Illustrated  OtfftfMrf  d?n'rifrintt  jr/v/*'* 
and  types  of  Attttt*Mw  Thwmiwwfifri.  in* 
aludinft  d<it$il$tJt  InfwrntHlton  ttn  4iul  txntf 

chttrt  rarif4*ir  (Wtiilamit, 


»lectric  alarm 


Controls  and  Instruments 


Division  o(  7\MtPIC\N  R/vmA 


5900    TStUMBULL    AVE. 
DETROIT    8,    MICHIGAN 

CONTROLS  • 
ME  NT  -  DKT 
ARV  AND  LOCOMOTIVE  LUBRICATORS 


CANADIAN  REPRESENTATIVE: 
RAILWAY  *fc  EN<;i  NKERIN(J 

SPECIALTIES,  LTD.  "OEtfttSlT" 

M( )  NT  R E A  L,  T< )  R O  NTO,  \V INN!  I' I 

DETROIT  lIEATINd  AND   REFRK  iER ATION 


!  -  imGINE  SAFETY  CONTROLS  -  FLOAT  VALVES  AND  OIL  BUHNER  M()l"n>. 
•TROIT  EXPANSION  VALVKSANU  KEFRKJEK ATION  ACX'KSSOIMKS  .-STATION- 
i.nnn\rnrnv'i^  i,TTm?Tn ATOMS 


Automatic  Controls 
Detroit  Lubricator  Com- 
pany manufactures  a  very 
complete  line  of  electrical 
controls,  designed  to  open  or 
close  an  electrical  circuit 
with  changes  of  temperature 
or  pressure.  The  No.  411 
Thermostat  (illustrated)  is 
a  low  voltage  model  and  is 
made  in  plain  and  Day  and 
Night  types.  All  No.  411 
Thermostats  are  available 
with  timed  cycling  to  pro- 
vide smooth,  accurate  temp- 
erature control.  The  No.  855  Mercoid 
Room  Thermostat  (illus- 
trated) ia  a  line  voltage 
type  -available  in  heat- 
ing, air  conditioning  and 
refrigeration  ranges. 

For  industrial  use  the 
No.  250  and  No.  450  line 
of  pressure  and  tempera- 
ture controls  is  available, 
in  pressure  ranges  from 
30  in.  va<5.  to  350  Ibs,  and 
in  temperature  ranges 
'to  495°  F.  Write  for  Cain. 


No.  855 

from  -3 


log  No.  100-C. 

Furnace  Controls 

Also  available  is  a  full  line  of  blower, 
limit,  combination  blower  and  limit 
controls,  such  as  the  CA-815  illustrated. 

There  is  a  "Detroit"  control  available 
for  practically  everv  application  where  a 
dependable  device  is  required  to  open  or 
close  an  electrical  circuit  with  changes  of 
pressure  or  temperature.  Write  for  com- 
plete information  Our  Engineering  I)c~ 
partment  is  always  ready  to  make  recom- 
mendations on  any  specific,  problem. 
Write  for  Catalog  No.  100-0. 


No.  CA  SIS  3 
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Gas  Valves 
The  No.  V-570 
"Hi  flex'1  Gas 
Valve  is  an  elec- 
trically oper- 
ated valve  for 
gas  lines  from  J 
to  1}  in.  Si  op- 
opening  pro- 
vides quiet  ig~ 
nit  ion  of  gas. 
Inexpensive, 
compact  and  easily  serviceable.  Write 
for  Catalog  No.  300. 

No.  V-574  "lii-flox"  Gas  Valve  lias  all 
the  features  of  No.  V-f>70,  with  the  addi- 
tion of  mechanical  limit  control.  If 
pressure  or  tempera,!  tire  exceeds  the  limit 
setting  of  the  valve,  the  valve  will 
close  and  re 
main  closed 
until  normal 
operating  con- 
ditions are  re- 
stored. Avail- 
able for  steam, 
warm  air  or 
hot  water. 
Operation  is 
quiet  and  the 
valve  fune 
t,  ions  inde 
pendent  ly  of 
gas  pressure. 
Ask  for  Cata- 
log 300. 


Solenoid  Valves 


^'Detroit"  Solenoid 
Valves  for  control  of 
water,  air,  oil,  gas,  or 

refrigerant  ,  embody 
many  denintble  fea- 
tures. A,C,  hum  is 
minimtxcti  and  they 
will  open  against,  high 
pressures.  Available* 
in  all  standard  volt- 


No.  fjtS^-'i  (illuHtmt <*<!,)  is  a  KiiiiiH  nixtj 
valve  with  l|  in.  F.ivr,  ponnectinn.  No. 
081  is  a  pilot  operated,  iiiuirmediate  H'MO 
valve,  and  the  Xo,  ilsU  i«  a  larg«»  pilot 

operated  valve  with  rapacity  up  to  17  tons 


Detroit  Lubricator  Company 


Controls  and  Instruments 


Freon-12.  No.  (>XI>  valve  available  with 
Hanged  connections.  No.OSl  an<l  CM)  are 
furnished  with  manual  opening  feature*  to 
permit  opening  in  ease  of  current,  failure. 
All  models  may  he  taken  apart,  and 
cleaned  in  t  he  field  without  removing  from 
pipe  lines.  Write,  for  Bulletin  No.  HID. 

Expansion  Valves 

"Detroit"  Ther 
mosiatlc  Kxpan 
sion  Valves  give 
long.  !  rouble  free 
service,  Needles 
and  seats  are 
made  of  a  hard 

;"  corroMon  resist 

Write   for   Bulletin  No,   22S 

j  No.  2no  B. 

The  No,  777  til 

lust  rated  i    is    a        || 

compact        and 

ruggedh       eon 

structcd        sin 

gle     diaphragm 

valve  incorpor 

a  ting  many  iteu 

feat ures.     ( 8oin 

slot      adjusting 

screw    provides  easv    super  heat    adjust 

ment  in  limited  space.  Hall  type  needle 

gives     desirable     How     characteristics, 

St  ainlex"1  steel  a  nil  i»ra,*is  t  hroiighout  wit  h 

anchored  capillan   for  greater  strength, 

Interchangeable  {  and  «!  in,   S.A.K,   in 

lets,    Nominal    capacities    J    and    I    ton 

Frcon  12, 

The    \o,    777  PL    ill 

his!  rat  ed  <    is    similar 
So   the    No,  777   with 
the     addition     of     a 
pressure    Huihifif4   ;tn 
M*mbh      \\fsieh     pro 
\  itles  motor  overload 
ptotect ion    with    twin 
om    charged  clement, 
Nominal  capacit  ICM  | , 
1  and  1 5  IOIM  Fi'eoii  12, 
The  No,  777  1*1  Is  a  of 
the  ,%'t?m*  const  rucf  ion 
a;-  the  No,  777  u  it  h  the 
addif  ion  of  an  external  wjuali/ep  connect 
ion.  If  can  he  converted  loan  internally 
eijuati/rd   valve  right  on  the  job,  Capac 
ifjc*  I  and  2  ton.^  Ffeoti  12,'  \  prcv'uro 
tlisl  ribtifur  is  aviiifafje  for  the  \of  777  I, 
\\l\li  from  2  to  s  p;i,-.,'*"i  »>,  ,-st;ih«Iar*I(  ami 
up  lo  is  j»a;i,MM  on  special  order,  for  \  in, 

TJic  No.  f>7;i  Pi<'IIott,s  Type  \'al\c  ijl 
Justr;tf**d« ,  hnrJ  a  ioiij:  jeeonl  of  reliable, 
HeiiNitive  and  accurate  operation.  Nont 
inal  cnpacifie.s  in    1,2,  If, I   and  ,'{,(»  tons 
Frcon  1 2, 


The    No.    .">73    (illus- 

t  rated  i ,  which  has  t  IK 

(juaJity  and  operating 

characteristics  of  (he 

No.    (57H    for    smaller 

inst  allat  ions,  is  a  dou 

ble    diaphragm    valve 

uit  h  a  single  power  el 

enient.  Nominal  ca- 
|  pacity  •]  ton  Freon -12. 
|  The  Nos.  7X(>,  7X7 
i  and  7SS  1'Apansion 
-  \alves  are  large  capacity  valves  for 
i  commercial  and  air  comlii  ion  ing  appliea 
!  tions.  The  inlet  and  outlet  connect  ions 
i  are  Hanged  and  lined  with  interchange- 
,  able  tail  pipes  for  sweat  connection. 
!  The  inlet  flange  is  so  designed  that,  the 
|  No.  7S2  Strainer  can  be  attached  <li- 
|  rectly  to  the  valve  inlet.  These  valves 
!  are  normally  furnished  with  equalizer 
i  connection, 

The  No,  7M1  (ill ust  raf  (»d  I  has  a  nominal 

rating  of  from  l\  in  0  tons,  No,  7X7  from 
to  11  Ions,  No.  7XX  from  12  to  20  tons, 
''reon-12, 
No,  7M)  and  No,  7X7  are  supplied  with 

capacii)    discs   \\hjch    can    he    installed 

in  the  'field  at   the      "* ""  -•"'  —  ., 

outlet     connection 

to   change   fh(v   ca 

pacify  of  t  h«»  valve 

to  suit    the  partie 

uiar  application, 
The  capacity  of 

the  No,  7SS  can  be 

change*!  on  t  he  job 

by     changing     the 

valve  seat,  When  ordering,  specify  ea- 

pacitv  (12,  Hi  or  20  tons  Freon 'I2», 
Float  Valves 


t?W  -'<W  tfinalr,  M 

l/sed  On  Oil  Burning  Water 
Space  Ileatern,  Furnarcs,  Han^itH. 

^Detroit11  Float,  Vjilyt»H  provide  a  n»> 
liable  control  for  vapori/jug  oil  Ijuniera, 
Mjt.siiy  ciititfjcd,  maintenance,  is  never  jt 
problem,  Full  temjmnttun1  compen«{i« 
tion  »ssur«*rf  even  How  of  fuel  rega,rdleH« 
of  oil  leinpcrnt.tin*, 

Modi4!  whown  in  for  innuunl  opera! ton. 
\lso  ;tvaiinhl<*  for  th«*riuost!ii  control 
wifhdntff  fjui  rontrol    jind  with  temper 
attin*  roisirf^  (for  vvatrr  hcjili'r^    efcj. 

Write  for 
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Fulton  Sylphon  Division 


ROBERTSIIAW-FULTON 

CONTROLS  CO. 

Knoxville,  Tenn. 

Sales  Reprcsen  tu  ti  ves 

In 
Principal  Cities 


Manufacturers  of 

Sylphon  Automatic  Temperature 

Controlling  Instruments  and 

Pack  less  Expansion  Joints 


Temperature 
Regulator 


HOT  WATER  SUPPLY 
No.     923     Temperature     Regulator 
For    controlling   water    temperature    in 
heaters,  open  or  closed  tanks 
and  other  equipment.    Oper- 
ation unaffected  by  tempera- 
ture fluctuations  at  the  valve, 
cither  above  or   below  bulb 
(omporat  ure.  All  parts, except 
steel  adjustment  spring, made. 
5  of  non-ferrous  metals.    May 
be  installed  in  any  position. 
Kanges     from    40"°~SO°F     to 
2<)0°~3300  F.  Burn  II V(  1-20. 
Sylphon     Thermostatic    Water    Mixers 
Utilize  hot  water  from  any  storage  tank 
or  instantaneous  healer,  and  effectively 
•  regulate    the 
I  amount       of 
I  cold       wafer 
required      to 
temper  it  to 
I  the      desired 
degree,  actu- 
hilly      mixing 
]  the    hot    and 
J  cold  water  to  - 
I  gother  before 
i  1  i  v  o  r  y  . 
I  Temperature 
remains  con- 
st.ant  in  spite 
of       lluct  na- 
tions   in   supply    water  tcmperaturcw  or 
pressures,  Four  sixes  wit,  heapaci  ties  rang- 
ing from  5  to  Ml  gpm.  .Bulletin  UV(J  20. 

REFRIGERATION 
CONTROLS 

Adaptable  wherever  brine  is 
used  as  the  refrigerant.  La, test 
development  ma  "freeze -proof" 
^  valve  (illustrated  at  left  on  the 
No  Hjfi-%  Popular  Sylphon  No.  (M5-%  Keg- 
ttwuiatur  uhitor),  Bulletin  TlVd-ltf). 

PACKLESS 
EXPANSION  JOINTS 
The  Sylphon  PacklesK  Mxptin- 
»ion    Joint    eliminates    useless 
building  height.,  expensive  enn- 
Htruction,  non-revenue  produc- 
ing space.     No  leaks  or  repairs, 
no    repacking,    always"    tight; 
heating  system  operates  at  full 
efh'cienev.     Bulletin 


No,  'JO:''  Nifli>k<nt, 
Wtitar   Mifir—14   Itt    19 1    op  in, 
depending  on  wilcr  pt'c^ure 


A"</.  .V.SV7 
Automatic 
Had  mini    \°ith*r 


SPACE  HEATING  CONTROL 
No.  885  Automatic  Radiator  Valve -- 
For  exposed  ra.dia.tion.    Small,  neat,  at- 
tractively finished,  adjustable   to  room 
temperature     desired.     Simply     replace 
ordinary     radiator    valves    with    these 
Sylphon   Automatic   Valves     no   wiring, 
piping  or  auxiliary  equipment  is  required. 
Those  valves  answer  the  demand  for  an 
inexpensive  moans  of  providing  accurate, 
dependable  space  tempora- 
turo  control  in  rooms,  sec- 
tions or  throughout   large 
buildings,     new     or     old. 
Similar    type    valves    for 
concealed      radiation     got 
Bulletin  liVd  SO. 

No.  890  Radiator  Control  Valve  - 
For  cither  exposed  or  concealed  radia- 
tion. Similar  in  appoanmcc  and  action 
to  other  Sylphon  Automatic  Valves,  but 
operated  by  an  electric  wait  thermostat. 
The  closing  of  the  thermostat-  circuit 
energizes  n  low  voltngo 
electric  heater  coil  stir 
roundi tip; a  bulb oont anting 
a  volatile  liquid-  This  liq 
uid  expansion  causes  pres- 
sure on  a  bellows  in  the  ^''/X" //!> 
valve  head  operating  the  r»H///»nvi'« 
valve*.  This  provides  radiator  valve  con- 
t  rol  from  a,  remote  location,  permits 
regulation  of  several  radiators  from  a 
single  thermostat,  enables  a  time*  switch 
to  be  installed,  if  desired,  oilers  effective 
zone  control  of  largo  areas  at  a  fraction 
of  the  cost  of  conventional  motor  oper- 
ated valve  svrftoms.  Bulletin  HV(J  SO, 


1i 


No*  7  Temperature  Control    A  soif- 
contained,    solf*po\vorod    rogulator    for 

controlling  unit   heatens,  wall  or  cpjfing 

type   radiators,  hoat- 
coils  in  duct  -type 
onis,  otc. 


holds       temporal  urcH 
u  if  hiii    clone    limits, 
Valve  placed  hi  Mo,*im 
IXclfntHi'ntintn  UUP  to  one  or  a    but- 
tery of  heaters,  thermostat  mounted  on 
wall  or  column.     For  use*  on  regular  hojit- 
ing  proMHuroB  up  to  15  Ib,  Similar  regu- 
lators, NOH,  7-*J  and  7-3  for  50  and  75  Ib, 
ProHHtim  and  temporal  urns  up  to  170"  F, 
"  j  Bulletin  HVG-f>0. 
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Pulton  Sylphon  Div.  Controls  and  Instruments 

HEATING  AND  AIR  CONDITIONING  CONTROL 

Almost  any  t\j»e  of  heating,  ventilat  !    at  u  predetermined  rate  as  outside  tern- 
ing  or   air  conditioning  system   can    be  peratures  fall, 

advantageously  controlled  wholly  or  in  tfcnxitirc  —  Close    operating    tempera  - 

part  by  S\  Iphon  Regulators.     Basic  ad  :    tare  differentials.     Quick   response, 

vantages  of  S\  Iphon  ( 'out  rols  are:  -       Simple     in  design. 

M<uinl(tliii(j     Maintains     ideal     condi-  i        Itu{w<t  Construction     To  give  years  of 

tions     no!  continualh  correcting  too  hot,  satisfactory  service, 

toocold,  too  humid  or  too  dry  condit  ions  Adaptable     Any  one  of  many  combiim- 

('t)nifH'nxnthi(j     Mnn\     Sylphon    Rcgu  tions  of  Sylphon  Instruments  can  be  ;ir- 

lators  offer  compensating  cont  rol,  auto  ranged   to  control  any  air  conditioning 

matically  raising  their  low  limit  setting  system  and  to  provide  exact  ly  the  condi- 

,    tions  desired.    Write  for  Jtntlti(in  tiAC-50 

The  No.  028-C  Regulator    Simple,  compact  yet, 

highly  sensitive.  Suitable  for  modulating  control 
of  air  temperatures  in  duets.  Bulb  is  const  ruct ed 
of  numerous  coils  of  copper  tubing  giving  sensi- 
tivity to  the  slightest  temperature  variation. 
Backless  valve  eliminates  service  problem  and 
;  makes  this  regulator  ideal  for  installation  in  in- 

accessible locations.  Suitable  for  steam  pressures 
up  to  15  Ib;  other  types  available  for  pressures 
up  to  75 Ib. 

The   No.  928-ECC   Sylphon   Regulator    Room 

control   and   low  limit    control   in  a  single^  valve  <:' Vivr.r""'       t,^    ( 

regulator  for  modulating  control  of   ventilating          , — —  _*  *wr'^4i!        -.{/' 


systems-     Main    control    from   an   electric    room          V^^^Hf ,  J|i  i    •/  "•*'-» 

thermostat   operating  through  the  electric   head  ^     „    J  u   ',  .« 

t4I>"  on  the  valve,     Low  limit   control   by   Bulb 

•*B"  located  in  di.sclmr^'  «iuct   from  the  heater,  h«iuht<>fnn<  KCC 

Bulb  "<  V  located  in  inlet  side  of  the  <luct   to  Jhe  hejiter,  compenKat(ks  Bull)  *'B.n 

( 'ompens'jitingUn*nnt»stat  can  be  furnishecl  to  raise*  lowdimit  set  tingnt  pnidctorminctl 

rate  with  falling  otitnde  temperature.     Suitable  for  steam  pressures  up  to  15  Ib, 

The  Sylphon  No.  88Q-C  Regulator  A  modulat- 
ing;, dual  function  regulator  for  control  of  duct 
heating  and  ventilat  ing.sv.stems  t  wo  independent, 
valves  in  a  single  bod\ , 

Adjustable  Thermostat  "A**  governing  Valve 
**I)M  functions  to  maintain  room  temperature 
from  temperature  of  recireulalcd  air,  Adjustal >le 

.,  (  u,   4t  ^ir  Tliennostat  "BM  aetn  as  a  low  limit  ducstat  con 

trolltniLi;   \*nlve   "KTI   to   maintain   minimum   dis 

charge  air  ten  i  pent!  lire.  Bulb  "<  1Mcuiu|H*ii,s!ste(s  Bulb  "B"  to  maintain  even  discharge 
air  temperature  iw,sp»'cti ve  of  demanu,  ( 'ompeiusnted  Thermostat  "B"  can  also  he 
furni>h<-«l  to  r;ti;'«eii,r, >.ettingat  a  predetertuined  rateuit  h  fallingfrcshair  temperat  ures 
ifdesin*'!,  Suiinl*!*'  f«»r  si «iam  pressures  up  to  15  lh, 


The  Sylphon  No*  8M-C7  Regulator    The 
SVj  <7  ri'Kulator  hns,  a  uall  t\pe  adjustable 
most  at  that  i^  placed  in  the  room  or  space 
controlled.     Thi<-  thnwoMut  "\"  op<*rales 


No. 

ther 
to  be 

upper 
Hfheruise,  WIIIH*  as 


Sylphon  No,  971  Differential  Regulator    For  eon 
oilihg  r<io!ts  temperat  ure  on  the  cuoiin^  cycle,  \\  Itese 
tilled  \\at«*r  or  hriw  is  ti.ije»l  as  cooling  medium  arid 

uhcn*  if  is  d**Mired  fu  liavi*  a  Kivifiuai  tr»cr»*:i>e  in  room 

{eiifperat urr  as  oulsidr  icmperattire 

rrKuL'itor  I.hn  nio«iuliitititr  iti   action, 

hct ter  coitt rof  over  humidily  ihau  i^ 

UMUil  on  and  oil  f\jie  control  b"  I'fiipl 
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GENERAL  I',;;1 1  CONTROLS 


801   ALLEN  AVENUE 


GLENDALE     1,    CALIF. 


,  JlewU 

FACTORY  BRANCHES:  BALTIM011E  (5),  BIRMINGHAM  f:j),  BOSTON  (Hi),  BUFFALO  M.CHir  VGO 
(5),  CINCINNATI  (2),  CLEVELAND  (15),  DALLAS  (2),  DKNVKR  (10),  DKTHOIT  («}, '( JLKNI)  VLB 
(1),  HOUSTON  (0),  KANSAS  C11TY  (2"),  MINNEAPOLIS  (2),  NK\V  YORK  (17),  PHILADKU'HIA  (40) 
PITTSBUUGH  (22),  SEATTLE  (1),  SAN  FRANCESCO  (7),  ST.  LOUIS  U2),TULSA  <V». 
DISTRIBUTORS  IN  PRINCIPAL  (THUS. 


Type  JK,~Slt 


THERMOSTATS 

Compact,  snap-action,  T-70 
M  c  t  r  p  t  h  c  r  m  T  li  c  r  m  o  a  t  a  t . 
Functional  beauty  for  accurate, 
remote  control  of  desired  tem- 
perature. Extends  only  J;s  ni. 
from  wall.  Streamlined  stain- 
less cover,  sensitive  to  slightest 
TypeT-70  temperature  change,  ivory  plas- 
tic base. 
MAGNETIC  GAS  VALVES 

Versatile,  two-wire, 
straight  magnetic  cur- 
rent-failure valve.  Pack- 
less,  Insures  tight  shut- 
off  indefinitely.  Hum- 
less,  Size  range,  J4  in, 
to  G  in.  I.P.S.  Operat- 
ing pressures  up  to  5  Ib. 
Voltages  and  frequen- 
cies A .0 .  or  33 .0 .  Quiet , 
positive,  trouble-free . 
Available  in  explosion- 
proof  housing. 
SLOW^OPENING  GAS  VALVES 

New  combustion  con- 
trol afforded  by  these 
diaphragm -controlled 
gan  valves.  Governor 
regulates  fuel  supply 
to  burner  in  direct 
ratio  to  stoam  pres- 
sure, eliminating 

{wntintf  aspect..  ^ 
lire  adjustment  pre- 
vents main  valve  or  gas  flow  from  re- 
ducing below  adjustable  act  minimum. 
Available  1  in.  to  6  in,  T.P.S. 

MAGNETIC  VALVES 

Provides  six  times  more 
power  than  ordinary  so- 
lenoid valves,  Controls 
air,  gas,  water,  light, 
heavy  oils,  steam.  Pos- 
itive opening,  complete 
shut-oft,  packless,  hum- 
free.  Available  for  any 
voltage,  A.C,  or  IXC.,  in 
sizes  up  to  1M in,  LP.S,, 
port  sizes  up  to  %  in.  K-20  Series  is  de- 
signed for  applications  where-  single  nee- 
dle port  sixes  provide  sufficient  flow  ca- 
pacity, 


TypeK-10 


BX-69  GAS  ACTUATED 
PACKAGE  SETS 


No  outside  current  required.  Operates  on 
all  typos  of  gaB(\s.  Safe,  quiet,  depend- 
able. For  all  gaS'henting  appliances,  {Set 
consists  of  a  PG-1)  5(X)  millivolt  pilot 
gont^nitor,  ji  H-(JO  ^as  control  vnlvc,  a 
T-71)  snup-iiction  th(*rnioHlat,  tlu»nm)- 
static  cable  and  vent  tubing,  1'lverything 
needed  in  convenient  package  for  jVniote 
gas  control. 

*hl*g  MAGNETIC  VALVES 

I)(*8igtUHl  for  positive 
operation  on  aircraft, 
trucky,  tractora,  tankn, 
graders ?  HhipH,  and  other 

moving  equipment, 

Handle  all  fluids,  vapors 

and  ga«cs  on  anything 
that  rollH,  floats  or  iliew 
at  pr«H»ur(»s  up  to  3000  Ib 
or  more.  PacklcwH,  two- 
wire,  current  -  failure 
type,  available  normally  open,  normally 
closed  for  intermittent  or  continuous 
duty. 

Trades  Murk— "hi  -gn  imlirattw  piwltivn  Ability  to 
function  in  any  jxMrftion,  wwm^-*  <»f  vihration, 
changa  of  motion  or  ji 


REFRIGERANT 
CONTROLS 

Magnetic  piloted,  two  - 

wire,  current  f  nil  tire, 
high  prt'HBure,  paeklcnH. 

llandfe  Jnrge  capacititw 
with  minimum  preasure 
drop  arid  lews.  Tight 
shut -ofl.  Operates  on 
wide  variety  of  fluids  and 
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HYDRAMOTOR  VALVES 
Simplify  valve  control  in- 
stallations. Two-wire,  cur- 
rent failure,  electric  -  hy- 
draulic operation.  Ample 
motor  -  driven  power,  slow 
opening  and  closing;  move- 
ment. Operator  drives 
against  a  spring  in  one  di- 
rection; power  failure  or 
opening  of  circuit  causes 
spring  to  operate  in  other 
direction. 


MANUAL  RESET  VALVES 

Equipped  with  manually- 
reset  elect  romagnetically- 

held  valve  operator,  Cur- 
rent flowing  to  operator 
permits  manual  opening  by 
turning  valve  wheel  at  side. 
C  'urrcnt  failure  releases  op- 
orator  allowing  valve  ^  to 
clow*,  Trip-free  mechanism 
cannot  be  opened  under 
unsafe  conditions,,  Once 
cloned,  valve  in  reopened 
manually  because  applying 
current  'has  no  effect. 

STRAINERS     AM  milt  <»«<»  prove  impor- 
t  unee  of  st  ruinersin  prolong* 

f**  *»N<i  rcduc- 


t, 
Type  .S  V 


SV  ti  S*»ri«*«  STRAIN  MRS 
com**  in  S  typen;  meHheH3/H$ 
in.  dhuti,  to  I'-JO-perinrh. 


THERMOPILOT  (Valve  Model) 

Manually  -  renct  t 


V1 


hh«*ld«op»Miv»lv<«with 
-    -     Hirrrnt  gi*w*rnt«»dby 
.iiglecouphjHubject 

J     to  heat  of  pilot  flame, 
*      Avuibtble  ;IH  in.   to 
If  a  In.  LPX 


THBRMOPILOTS 

Proven  principles  of  op- 
inmtrc  tltuwwla- 


- 
«4f*d ri 


»n1ft«t,  allow* 

to    ! 


OIM*»,    Whiut  flame  fails, 
1  hcrmopilof.  opwtH  clr-  j 
cult  to  main  ga 


ttw  -covered  cable  di*f  itch . 

able  from  r«*lii>*,    2  or  3" 
Kbftnwtl  fitting, 2 amp- ,24 
volt;  1  iini|i.r  115  volt;  0,5  nip,,  2SO  volt. 

12; 
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THERMAL  EXPANSION  VALVES 
Typo  V-200  with  new  se- 
loetiv<k  capacity  car- 
tridge provides  instant 
sizing  adjustment.  Only 
one  valve,  required  fo'r 
full  capacity  rango  in 
each  body  size  at  all 
back  prewsure  or  suction 
temperature,  ranges.  For 
Fr(M)iiT  Methyl  ('hloride 
or  Sulphur  Dioxide,. 

GAS  FUEL  GOVERNORS 
Throtth^  gas  lineH  according 
to  boiler  pressure,  applied  to 
diaphragm.  Ball  bearing 
thrUHt  adjuHtiucnt,  ground 
and  polinhcd  non-oorroHivc 
Ht.t»mH,  low  friction  packing 
gland  HcaL  multiple  calibrat- 
ed HpringK,  high  lift  for  maxi- 
mum capacity.  Suitable  for 
butane*,,  natural  or  manufac- 
turiMlgan.  Available  %  iiu 
to  %  iuM  I.P.S. 

RELAYS  AND  TRANSFORMERS 
Type  KH-100  handler  «in- 
gl«i  phawc  au>tor  loadw  up 
to  1  hp  or  heating  loadn  up 
to  LI  kw.  (^ombinen  dou- 
blc-brc'ak  relay  and  inte- 
gral tranHforiner.  Nor 
mally  open;  large  double- 
bnuik  ciuntactH,  Two -win* 
o.ontrol  circuit;  maximum 
holding  current  0.4  mnpK. 
Furiiirtlicd  with  { $  in, con . 
duit  connectionH  and  low 
voltag<'outlet.  A.U.  only. 

FAN  AND  LIMIT  "CONTROL 
Combination      Fan      and 
Safety   Limit  ('out ml  in* 

Hwitch  units,  one  acting  »« 
a  fiiii  cuutrol;  the  ot.l«»r  for 

HittVl,\      limit     operation. 
Kat*h    ijwit.ch    imtktw   and 

if H  own  circuit  iiide 

tly-     Kxtenwil  t  ad 

knob  on  fan  switch  may  be  turned 
to  **fuu  wumnutr**  p( tuition  for  uiunutii 
control  of  fan  for  numm<*r  ventilation* 
LOW  FREKSlfHE  GAS  REGUUTORS 
K<*w  V-IitX)  Herk'K  arc 
relinbli*,    trouble- free 
vidviw  with  high  nip- 
acit>\    clow    regula 
tion't  yet    Hiisitll    and 
coiiipitct,     Hegulntor 
mw  range  from  ;i»s  to 
2  in.   LF.S,   Interiml  7'i/;»MM 

ulator  l«Hlu'rt»longHfi*ailU»riiti' 

properly  fifcted  id!  m«*t;tl 


1 
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Henry  Valve  Company 

MELROSE  PARK,  ILLINOIS 

(A  Chicago  Suburb) 

HENRY  PRODUCTS  FOR  REFRIGERATION,  AIR   CONDITIONING.  AND  IN- 
DUSTRIAL   APPLICATIONS:     CONTROL    DEVICES,    VALVES,    STRAINERS. 
DRIERS,  FITTINGS,  AND  ACCESSORIES. 

Balanced-Action 
Diaphragm  Packless  Valves 
STANDARD 
TYPE 

Two-way ,  branch 
shut  off,  and  jingle 
typos  —  flare  or 
solder  connec- 
tions. Hand  ex- 
pansion, pur  go 
and  charging 
types  also  availa- 


ble. Forged  brass 
body  and  bonnet,  ports-in-line,  non-di- 
rectional. Four  laminated  diaphragms 
and  stainless  stool  spring.  Hack  .SYYJT/  and 
ball  check  per  mi  I  diaphmgm  inxpcrlion 
and  replacement  under  prawurt'.  Stock 
sizes  i"  thru  I"  S.A.K.;  \»  thru  l'J"  O.I). 
solder;  \"  thru  1"  F.P.T  sizes. 
BLUEBANTAM  TYPE 
Two-way  line  shut-  olT  valves,  fla.ro  or  sol- 
dor  connections.  Contain  same  field 
proven  features  as  ST  A  N  DA  R I )  line  ex- 
cept that,  diaphragms  cannot  be  inspec- 
ted or  replaced  while  valves  are  under 
pressure.  Positive  seal  between  dia- 
phragms and  balancing  ehannol  with 
valve  in  closed  position.  Stock  sixes 
{"  thru  H"  S.A.IO.  and  solder, 

WING  CAP  PACKED 
VALVES 

Bronze  with  solder 
connections  in  globe* 
and  angle  typos,  I" 
thru  '!{"  O.I).;  semi- 
steel  with  F.P.T.  eon- 
neotions  in  globe  and 
angle  typos,  KMOH  J" 
thru  2";  Heini-Htccl 
1  with  bolted  bonnets 
and  square  companion 
flangos  with  brans  tailpieces  for  O.D.S., 
18"  thru  41".  Also  available  with  stool 
tailpieces  for  welding  to  pipe  I*]"  to  S" 
LP.S.  inclusive. 

Non-rotating  replaceable  swivel  stem 
disc,  back -sealing  to  permit  repacking 
under  pressure;  wrench  socket,  in  top  of 
wing  cap  to  operate  valve,  For  Froon  or 
Methyl  Chloride, 

RELIEF  VALVES 
FERROUS  TYPK    For  am  - 
monia.      Approved      under 
Hafcty  codes, 

DIAPHRAGM  TYPK  -For 
low-pressure  rofrigorantH, 
Approved  under  safety 


codes.  Diaphragm  actuated.  Solder  ex- 
tensions supplied  to  protect  internal 
parts  from  installation  heat.  Smaller  re- 
lief valves  also  available.  Also  Dia- 
phragm Type  with  built-in  and  replace- 
able rupture  dist*.  Complete  Line 
Rupture  disc  Over-Pressure  Unloaders.' 

DRIERS 

Filled  with  silica  gel  -other  dehydrants 
on  special  order. 

I 


TYPK    743    re-, 

tillable         with 

dispersion  tube. 

Brass  shell,  forged  brass  end  cap.s  with 

integral    fittings,    Silver   bnued   joints. 

Dehydrant  capacity,  12  to  50  cu  in.  Sixes 

1"  thru  5"  (la,re, 

TYPKS  74S, 
750  and  757 
c  art  r  id  g  e 
driers  with 
side  outlet, 
dispersion  tube,  safety  cylinder,  cart- 
ridge retaining  .spring  and  distortion, 
proof  access  flange.  Forged  brass  end 
cap  with  integral  fitting.  Silver  hruxcd 
joints.  Dehydrant  capacity  12  to  5(X)  eu 
in.  Sixes  J"  thru  21"  Ol)S.' 

STRAINERS 

TYPKS  891 
AND  W2. 
Screen  area 
11  and  25,5 
H(j  in,  respectively.  Brass  shell,  forged 
brass  end  caps  with  integral  fittings. 
Silver  brassed  joints.  100  menh  inonel 
screen.  Sizes  lff  thru  §*  flare  and  J* 
thru  J*OI)S, 

TYPK  S!j5  Kteel  "V"  Htraim»r,  welded 
construction,  forged  brans  end  caps  with 
i  nt  ergral  fit  • 
t  i  ngn ,  Si  I vor 
braxcd  joints. 
1)  t  H  t  o  r  t  i  o  n  • 
proof  acc^HH 


t  ivc*  wcreeti  huf - 

He  on  in  lot, 
Screen  area  2.1  to  175  w\  in,  i,5fl  or  KX) 
reinforced  uionlu.  Six  CM  J"  thru  4J  CH)S; 

r  to:r  FPT, 

Sold  and  recommended  by  leading  re- 
frigeration jobbers*    Write  for  Catalog. 
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Hubbell  Corporation 


Type 


Type  SA>7,  6T-7 


Ilmvlcy  Road 

Mundelein,  111. 

Designers  and  Manufacturers  of  Automatic  Control  Valves  For  All  Refrigerants 

Type  SA-f>,  HA  -6,  SF-5  and  SF-6  Back 
Pressure  Regulating  Valves  are  of  the 
conventional  type  used  to  maintain  a 
constant'  evaporator  pressure. 

Type  HA  -7,  SA-K,  SK-7  and  SF-8  Combin- 
ation Back  Pressure  Regulator  and  Stop 
Valves.  This  regulator  is  of  the  conven- 
tional type  used  to  maintain  a  constant 
evaporator  preasure  and  the  addition  of 
a  small  electric  pilot  valve  built  into  the 
head,  makes  it  a  auction  stop  valve, 

The  DHA.«)  and  DSF-9  in  a  dual  regulator 

which  will  control  evaporators  with  two 

loadVonditionH  requiring  different  refrigerant  temperatures.  The  diaphragms  in  the 
dual  head  may  be,  set  for  any  two  evaporator  pressures  and  will  automatically  change 
fromjone  to  th<*  other  by  the  opening  or  cloning  of  (he  electric,  pilot  valve  which  is 
built  into  the  head, 

The  SAC  MJ  and  HFC  Ml  valves  are  of  tluM'wnpenBating  type  and  are  used  where  a  con- 
stant temperature  i«  de.nired  in  the  medium  being  cooled.  These  valves  will  increase 
or  decrease  the  evaporator  pressure  to  compe.iwatc  for  the  increase  or  decrease  of  the 

cooling  load.    These  yaJve.H 

nre  made  to  operate  with  air 

or  electricity. 

The  Type  **TM  auction  stop 
valve  IK  used  on  iriHtallationH 
where  automatic  suction  line 
control  irt  required.  It  in  op- 
erated by  high  prennure  gas 
and  iln  conHtructum  makes  a 
tight  closing  valve  and  it« 
dependability  far  nurpaHHes 
the.  eonvcntumai  magnetic 
valve, 


Availabk^  with  either 


All  of  Urn  valves  have  built- 
in    opening    Htem«,    which 
ttltmitmteH  the  by  pwwe«  uwwlly  uwtd  for  manual  °i  t        .     4 

lf  welding  type  fiartgtw  or  copper  tube  connect IOIIH,  in  HIZCH  from8/*  in.  to  8  in* 


Bolenotd  \'iilvex  from  V*  in.  to  2  in.  tiichittiv«  for  liquidw  and  giwon  with 

neat  dinen  readily  r<*jmwaJ>l<^  roilft  for  any  ttlectneal^eharacteriHtieH,  built-in  lifting 

ntnndard,  nvnllabli*  with  either  nwwed,  \veldiug  fiangeH  or  copper  tube  eon- 


nre  available  in  all 

for  liquid  and  gaw  with 
very  large,  ncrecn  rtrttan  and 

arranged  (o  bolt  directly  to 
vidve  or  with  Mcrewed,  weld- 
ing flange  or  copper  tube 
connection**  for 
wlM!nH'<»r  «(  miner  in 


Wrtt«  for  eoinplittn  inforinah 
tion  on  th««w  it»d  our  many 
iil  lie  frige  riit  inn 
suid  A 


Controls  and  Instruments 


Illinois  Testing  Laboratories,  Inc. 

Room  516,  420  N.  La  Salle  St.,  Chicago  10,  111. 


Precision  Instruments  for  Every  Industry 


The  direct-reading  ALNOR 
VELOMETER 


TYPB  4-F  Standard  minimum  set  for  heating  and  air 
condilioninQ  air  velocity 


The  Alnor  Velometer  is  an  inHtan- 
taneoua,  direct-reading  air  velocity 
meter  designed  for  convenient,  rapid 
determination  of  air  velocities  in  air 
conditioning,  heating  and  ventilating, 
and  exhaust  ays  terns.  It  gives  inHtan- 
taneous  direct  reading  in  fecit  per  min- 
ute, without  timing,  calculations,  or 
reference  to  tables  or  charts.  Accurate 
information  on  performance  of  equip- 
ment j  duct  systems,  etc.,  onn  bo  ob- 
tained with  a  few  momentw  inspection 
with  the  VELOMKTIOH.  it  mm  be 
effectively  used  to  locate  drafts  and 
leaks  around  windows  and  doors,  or  in 
duet  systems, 

The  Alnor  Velometer  is  built  in  sev- 
eral standard  ranges  from  20  fpm  to 
6000  fpm,  and  up  to  3  in,  static  or  total 
pressure,  Special  ranges  available  as 
low  as  10  fpm  and  up  to  25,0(M)  fpm 
velocity  and  20  in.  pressure. 


Alnor  Velometer,  Jr.  A  miniature,  di- 
rect reading  Vehmietw  4  in.  high,  3  in. 
wide,  J-Jin.  deep.  Weight,  K  ox.  Accu- 
rate, strong.  Available  in  Hinght  and 
doublet  HCaie  ranges:  0-20CX)  to  0-2&X) 
fpm.  Bulletin  725 


Alnor  Thermo- Anemometer*  For  accu- 
rate measurement  of  low  air  velocity* 
Compact,  «Iirecfrreadirig»  battery  oper- 
ated, wjlf-contuiwjd,  portable.  'Scale  0 
in.  Metier  range,  (MkK)  fpm.  Accurate 
readings  as  low  m  5  fpm.  Temporary 
Bulletin  013-A.  k  J 
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The  Mercoid  Corporation 

Main  Office  and  Factory,  4201  HKLMONT  AVENUK,  Chicago  41,  Illinois 
NKW  YORK.  OKFICK,  205  KAMT  42ND  ST.  PHILADELPHIA  OFFICE,  3187  N,  BROAD  ST. 

AUTOMATIC  CONTROLS  FOR  HEATING,  AIR  CONDITIONING, 
REFRIGERATION  AND  VARIOUS  INDUSTRIAL  APPLICATIONS 


MECURY  SWITCHES 
BY  MERCOID 


Tilting  7"//jw 

Ma0?irtic>  TMJM  Light  Aduati'd  7V jw 

There  are  throe  primary  operating  types  of  Mereoid  Mercury  Switches;  1.  MA<5- 
XKTIC  TYPK,  applied  lit  a  stationary  posit  ion.  Circuit  is  opened  or  closed  with  muK- 
netie  attraction  by^nipans  of  a-  pennancnt^  magnet  or  n  small  milli;ampere  electro- 
magnet, 2.  TII/PINO  TYPK,  a.  variety  of  sixes,  electrical  capacities  and  arrange- 
ments available,  X.  LIOHT  A(Tt*ATKI)  TYI*K;  These  switches  arc  immune  to  dust, 
dirt  or  corrosion,  Adaptable  for  numerous  applications  where  open  contacts  are  not, 
writable. 

THE  100'  i   MERCURY  SWITCH  EQUIPPED  CONTROLS 


PRESSURE  CONTROLS 

Noted  for  their  accuracy 
and  dencndnble  perform  - 
nun*,  1  he  (»tjtside  double, 
udjtistmeut  feature  arid 
visible  dial  elimiimto  all 
^u«'ss\\'c»rk  when 
the  operating 

and  cir 


LOW  VOLTAGE  THERMOSTATS 
Mercoid    Scttsatiicnns  operate 
on  n  total  ditTejTftfml  of  J  de 
gree,  K  T>  pe  II  is  the  pojmlnr 
room  thermostat,  Type  DNU  is 
a  hand  wound  dnv  and  ni^ht 
t  h*»rnios!at ,  Type  1 1 BII  is  a  t  wo- 
stag**  thiTWostat  for  control  of 
high  low  g«H  or  oil  hunters. 
LINE  VOLTAGE 
THERMOSTATS 

rpctly  hainilp  the  full  motor 
joa«l  without  the  nw  of  a 
rt'lay.  vVvailablp  with  **on- 
off"'  manual  switch  for  unit 


TRANSFORMER-RELAYS 

Type  V  Is  H  reliaf  lie  low  volt  • 
a^e  mercury  rmifnet  r«*!ay 
whicli  JJJHO  aj'tH  HH  a  triinH- 
fonmT  iiidtiriiiK  low  voIiai<M 
(21  vnlf^l  on  the  pilot  etr 
riiit.  Available  in  various 
«*>«,  i',\<*l<*s  and  circuits, 


TEMPERATURE  CONTROLS 
Available  with  or  with- 
out remote  connection 
for  UHO  with  liquids  or 
Haws  «uch  as  air,  oil? 
water  or  distillate  va- 
porn,  l'l({uipped  with  a 
liourdon  tube*  and  out  • 
Hide  double  adjuntiwMits. 

LEVER  ARM 

AND  FLOAT  CONTROLS 
Tin*  lever  arm  type  in  uned 
where  it  is  desired  to 
mechanically  open  and  done 
electric  circuits.  The  float- 
type  in  uned  to  maintain 
fluid  levels  in  tanks,  or  for 
control  of  wimp  pumps,  etc. 

LOW  WATER  CONTROLS 
Available  UK  a  combina*  t* 

lion  pressure  antl  low 
water  control  or  as  a  low 
water  control  only.  May 
he*  furnmhcd  with  quick- 
hook  up  fittings  designed 
in  itfcordnrj(»e  wit  It  the 


VISAFLAME  CONTROL 
inpstir.  and  Indus 
il   burners.   Oper 


For 

trial 

at**s  dire<»t  from  the 

of   the   Harm*  instea 

from    t  he    heat    in 

stark.    It    may   I»P  built 

into  the  bunier  unit  , 
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Johnson  Service  Company 

AUTOMATIC  TEMPERATURE  AND  AIR  CONDITIONING  CONTROL 
General  Office  and  Factory 

Milwaukee,  Wis* 

Direct  Branch  Offices  in  Principal  Cities 

JOHNSON'  TEMPERATUKM  REGULATING  Co.  OF  CANADA,  LTD.,  570  QUKKN  ST.,  K.,  TURONTO,  O.vr. 
HALIFAX,  N.  S.       MONTREAL,  QUK.       WINNIPEG,  MAN.       (^AMUKY,  ALTA.       VANCOUVER,  B.  C1. 


PRODUCTS  AND  SERVICES 

Manufacturers,  Engineers  and  Contractors  for  automatic  tem- 
perature and  humidity  control  systems  applied  to  all  types  of 
heating,  cooling,  ventilating,  air  conditioning  and  industrial 
processing  installations. 

Space  Control- -Automatic  control  of  room  temperaturcH  and 
humidities,  applied  to  radiators,  radiant  heating;,  unit  ventilators, 
unit  heaters  and  heat  delivery  ducts.  Johnson  u Duo-Stain" 
maintain  proper  relationship  between  outdoor  and  heating  system 
temperatures  For  groups  of  radiators,  or  ''heating  S5one«.M  A  com- 
plete line  of  controllers  for  air  conditioning  systems,  heating,  cool- 
ing, humidifying,  dehumidifying, 

Process  Control— Automatic  temperature  and  humidity  control 
for  every  range  required  in  manufacturing  and  industrial  proc- 
essing, Thermostats,  valves  and  dampers  applied  to  tanks, 
dryers,  vats,  kettles,  curing  rooms,  coolers,  kihm,  etc.,  in  textile, 
rubber,  pulp  and  paper,  petroleum  refining,  meat  packing,  dairy 
ing,  baking,  sugar  rolininp,  brewing  and  diHtilling,  tanning,  candy 
making  and  other  industries. 

Nation-wide  Service— Johnson  sales  engineers,  and  trained  in- 
stallation men  available  at  all  branches  listed  above.  None  in  an 
agent,  jobber,  or  part-time  representative.  All  are  salaried  em- 
ployees, devoting  their  efforts  to  the  interests  of  the  Johnson 
Service  Company  and  its  customers. 

Send  for  Bulletins  describing  Johnson  controllers. 

JOHNSON  THERMOSTATS 

Room  Thermostats—  Proportional  (gradual)  t  or  two "poHifinu 
(positive)  action,  maintaining  temperature**  within  one  degree 
above  or  below  point  of  netting.  \  arioiw  covers,  allowing  wide 
selection ^of  adjusting  features,  guards  antl  method  of  mounting, 
Red-reading  thermometers  with  magnifying  tube  attached  to 
covers. 

Insertion  and  Immersion  Thermostats  -  Rigid  nlem  or  capillary, 
Liquid  or  vapor-filled  capillary  systems  for  tempcratureH  which 
are  measured  at  point  remote,  from  location  of  operating  meeha 
nism.    Various   types   of   bulbs,    Standard   connecting   tubing 
lengths :  8,  15  or  2f>  ft.     Up  to  50  ft  oil  Hpccial  order. 

Thermometers— High  grade,  insertion  or  immerwon  thenuome 
tern  to  measure  temperatures  in  <Juel»,  tankn,  etc,,  with  red 
reading  mercury  column  in  heavy  lens  glass  tube  and  9 -in.  weale, 
Insertion  thermometers  have  patented  adjustable  tilting  feature* 

Special  Controllers— For  application  encountered  in  Iiiduwfrijtl 
proeeHHeM.  uKeeord"0»Stat,"  combination  capillary  temperntiue 
controller  and  recorder.  12- in-  chart  and  liquid  or  vapor  filled 
capillary  syMteniH,  Kinglo  or  duplex  type,  the  latter  controlling 
and  recording  wet  and  dry  bulb  temperatures  ,  .  .  Pressure 
Regulators— FreHHuro  ranges  27  in.  of  vacuum  to  150  !b,  piTwntre, 
Bourdon  tubefl  of  types  and  Bizen  for  requin^d  prenmire  runge^  ant! 
for  medium  to  be  controlled:  Air,  water,  nteam  or  fr«*on.  Oilier 
regulntorn  for  preHBurcm  between  1  Ib.  and  2IK)  Ib  .  .  ,  Liquid 
Regulators  (Float  type)— Control  within  extremely  clone  iimit«. 
Mounted  through  wall  of  con  turning  venMol  by  stoiaVith  1  in.  pijpo 
thread.  Floats  of  copper,  HtninlcHH  Hteel  or  spoiial  Alloy**  .  .  , 
Static  Pressure  Regulator-"- MeanureH  varialioiiM  in  pn-HMtire  from 
,009  in.  to  3  in.  of ^walor.  Alno  uwtd  an  different  ia!  rt^tilutor, 
uring  difference  in  prenrturo  between  tw«>  chambers, 
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Sub-Master  Thermostats— An  important  development  for 
industrial  applications  ami  air  conditioning.  Applied  to  vari- 
ous controllers  whore  readjustment  must  he  made  from  a  re- 
mote point. 

Johnson  Sensitivity  Adjustment —A  distinctive  feature  af- 
fording convenient  means  of  adjusting  the  sensitivity  of  ther- 
mostats and  humidostats,  on  the  job,  balancing  "time-lag" 
with  respect  to  capacity  of  conditioning  apparatus.  "Hunt- 
ing" and  temperature  fluctuations  prevented.  Available  on 
Johnson  proportional  action  insertion  and  immersion  thermo- 
stats, insertion  humidostats,  T-SOO  and  1MHX)  capillary  t.hermo- 
stat  s  and  certain  room  thermostats  and  humidostats. 
JOHNSON  HUMIDITY  CONTROL 

Johnson  Humidostats— Automatically  control  supply  of 
moist  ure  delivered  to  air  by  a  humidifier  or  other  moans,  main- 
taining const  ant  relative  humidity.  Available  in  room  and 
insertion  patterns  with  various  elements,  the  most  sensitive 
eont  rolling  within  I  per  cent  at  relative  humidities  as  high  us  95 
per  cent  at.  HK)  F,  IlumidoHtatio  elements  an*  wood  cylinder, 
by -wood  strip,  bow -wood,  horn,  hair  or  animal  membrane. 

"Johnson  Humidifiers    '\Steam  grid'*  type,  (perforated  pipe 
supplied  with  low  pressure  nteam)  or  pan  type*  with  copper 
evaporating  pan,  brass  heating  coils  mm  float  control. 
JOHNSON  VALVES 

Johnson  Diaphragm  Valves--  Simple  and  rugged,  .Dia- 
phragms, of  Hpeeml  molded  rubber*  resistant  to  ago  and  oxida- 
tion, operate  valve  stems  against  pressure  of  dependable 
springs.  Available  :I!HO  with  Sylphcm  nenmleKs  metal  bellows, 
Made  in  standard  HISWH  ami  patterns,  Normally  open  ('direct 
acting*  or  normally  cloned  (re.verwj  Meting).  Three-way  mixing 
and  by  JWBK  vnlven,  for  nf  eutu*  water,  brine  and  other  gases  and 
liquid*. 

Johnson  *'Streftmllne*f  Diaphragm  Valves  With  modulating 
<iise«  in!*!  Hperinl  internal  count  ruction,  Superior  proportional 
cottfrol  .  .  ,  Where  maximum  power  in  required  for  reno«i- 
t  Uuiittg  at-  HUghtenti  demand  of  eont  rolling  uwtrumentH,  »fohii- 
HOII  i»«»!df»dt  rubber  diaphra^nt  vnlvo,s  are  fitted  with  pilot 
positioner i  iitdrpendeni  t»f  fraction  and  prepare  vnriatiotSH. 
JOHNSON  DAMPERS  AND  SWITCHES 

Standard  Johnson  Dampers  St**i»l  bladen  in  flat  Kteel  fniuien 
with  adequate  bra  ring  to  form  rigid  assembly.  Black  lacquer  or 
»*pi*<'i;il  eorntrti«m  reHiwting  finwlu'H,  Angle  troiifr.'tnie.Mopiionnt. 

Special  Bumpers  <t;tlvum/,eti  iron,  inc»nel  metal,  :duiuiiiuiii» 
eupjji'r,  runt  n-HtHting Hteel, ete,  HruaM  piiiMin.sti»el  bearings  or 
liiill  bfiifiliKH, 

Johnson  Pamper  Operators  Similar  in  priueiple  to  vulv^H. 
SeatuleKH  nietul  t»r  K|«*ei;illv  mohleil  rubber  diaphragm  operate* 
diijuper  through  mutable  linkage.  Johnnon  "i*iHtonM  (tamper 
oprriitow  affi»r«i  loisg  travel  ?>t  full^ power,  With  or  without 
pilot  meehmiiHm,?w*l«'Heril>e«l  fur  MVnlveK,*' 


w  ») 


'HOI   fltf'f  lyWilPlil*  *«"«  »*«"wi"l  u«*u  HH        vtiivrn, 

Johnson  Pneumatic  Switches   J«W  «>perat  ion  of  dnnipers  mid 
to  phtee  eontfollerH  in  and  out  of  Herviee»  front  remote  points. 
Oiled  slate  irt  htandard.     Kl»onv  MA- 
hestoH,  poltHiicnl  onk,  uttfl  gentiiue  »»r 
imitation  tnarhle  on  order,     Vari<*u« 
M»  at  eftitral  eonfr**!  poinlH, 
..»**!  <*n  speeial  Hwitrtiboarils, 
»itvit«iiidg lever  type  Muiteli(*s,  gnuluat 
und  mult  tple  <st.ep  swit  r hew,  rlnrkw,  air 
*e  gatigen » ri»<*<*r  <  li  tip;  gaug**M ,  c*  I,  r , 
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MINNEAPOLIS. HONEYWELL    REGULATOR    CO. 

2644  Fourth  Ave.,  S.,  Minneapolis  8,  Minn.    Cable  Address :  MINNREC,  MINNEAPOLIS 
HONEYWELL   CONTROLS   for  Heating,   Ventilating,   and   Air   Conditioning 

BROWN  INSTRUMENTS  for  Indicating,  Recording,  and  Controlling 

Factories:  MINNEAPOLIS,  MINN.,  PHILADELPHIA,  PA.,  WABASH,  IND.,  CHICAGO,  ILL.,  TORONTO,  CANADA 

Branch  Offices  or  Distributors  are  located  in  the  following  cities: 


ALBANY,  N.  Y.  DALLAS,  TEXAS 

ALBUQUERQUE,  N.  M.  DAVENPORT,  IOWA 
AMARILLO,  TEX.  ~ 

ATLANTA,  GA. 
BALTIMORE,  MD. 

BlNGIIAMTON,  N.  Y. 

BIRMINGHAM,  ALA, 
BOISE,  IDAHO 
BOSTON,  MASS, 
BUFFALO,  N.  Y, 

CHARLESTON,  W.VA. 
CHARLOTTE,  N.  C. 
CHICAGO,  ILL. 


TlABRIHBURG,  PA.  MINNEAPOLIS,  ST.  jLoiTW,  Mo. 

_  __     „.     HARTFORD,  CONN.        MINN.  SALT  LAKE  CITY, 

DAYTON,  OHIO  HOLLAND,  MICH.  NK**HAVEN,CONN.      UTAH 

DENVER,  COLO.         HOUSTON,  TEXAH  NKW  OIILRANH,  LA.  SAN  ANTONIO,  TEX. 

DES  MQINES,  IOWA  INDIANAPOLIS,  INP.  NEW  YORK,  N.  Y.     SAN  FRANCIHCO, 

DHTROIT,  MICH.         JAOKHONVILLF  FIA  OKLAHOMA  CITY,         CALIF. 
DULXTTII,  MINN.         «•*»«*«  rwv*MfK  '      OKI.A.  SBATTLE,  WABH. 

EAST  ORANGE.  N.J.   l^AN8AH  U'ITY»  mo*  OMAHA,  NEB.  SHRBVRPOBT,  LA. 

EL  PABO,  TEXAS       KNOXVILLB,  TENN.  PEOJRIA,  ILL.  Sroux  CXTV,  IA. 

-  -  LITTLK  ROCK,  AUK.  PHILADELPHIA,   PA.  SOOTH  BEND,  IND. 


, 

CINCINNATI,  OHIO 
CLEVELAND,  OHIO 
COLUMBUS,  OHIO 


FARGO,  N.  DAK. 
FOHT  WAYNE,  IND. 

FRESNO,  CALIF. 
GRAND  RAPIM, 

MICK. 
OB ic AT  FALLH, 

MONT. 


CORPUS  CHRISTI,  TEX.  GIUSENVILLE,  S.  C. 

In  Canada: 

CALGAKY,  KPMONTON,  HAMILTON, 

LONDON,  MONTBEAL,  TORONTO, 

VANCOUVER,  WINNIPEG 


, 

LOB  ANGELBB,  CAL.    PHOENIX,  Aittz. 

LOUISVILLE.  KY.  PlTTHBXJHQH,  PA. 

POHTLAND,  MB. 

PORTLAND,  ORE. 
PROVIDENCE,  R,  I. 

HiniMONi),  VA. 


.          . 

LUBBOCK,  TBXA8 
MADISON,  WIB. 

MEMPHIS,  TBNN. 
M'KNABHA,  WIH. 
MILWAUKHB,  WIB. 


KPOKAKK,  WASH, 

HpRINOFIKLD,  MARS, 

8YWAOUHE.    N.    Y. 

TOLEDO,  Onto 


_,_„     ...         WASHINGTON,  I).  C 

ROCHESTER,  N.  Y.    WICHITA,  KANB. 

In  Mexico:  In  Europe: 

MEXICO  CITY  LONDON,  HitiifWELB,  STOCKHOLM, 

MONTERREY  AMHTKEDAM,  ' 


AT  YOUR  SERVICE  with  automatic  controls  for 
every  application.  Minneitpolis-Iloiieywell  manu- 
factures a  complete1*  line  of  electric,  pneumatic, 
electronic,  and  self-contained  controlH  and  regu- 
lators for  every  t.ypo  of  heating,  ventilftlin&»  and 
air  conditioning  "installation,  In  addition,  the 
Brown  Instrument  Division  of  Honeywell  manu- 
facturer a  specialized  line  of  indicator**,  n*cor<lcrfl, 
ami  controllerH.  Tins  means  that  you  can  rely  on 
a  single  roflponnihlo  manufueturor'for  all  of  your 
control  need»,  It  «iliminate»  the  difficult ie«  and 
misunderstandings  that  often  result  from  Bplit  responsibility  when  controls  are  par- 
chased  from  more  than  one  source. 

Each  Jloneywell  branch  office  maintains  a  stuff  of  experienced  engineer**  who  are, 
qualified  to  give  unbiased  advice  on  control  applications  and  to  iw»tall  and  service 
all  types  of  control  equipment.  They  are  prepared  to  asnist  in  the  writing  of  specifi- 
cations and  to  furnish  control  layoutB  and  cost  estimates  without  charge. 


Modutrol  Valve 


Electronic  Th&rrnoMat 


ELECTRIC  CONTROL 

Honeywell  electric  controls  are  noted  for  variety,  versa* 

tility,  dcnxmdability"  and  precision  operiition,  l^he  trade 
mark  "]Vfodutrol"  i«  xwed  to  demgnute  Honeywell  elec- 
tric control  «y«tei,UH  designed  for  air  conditioning  or 
heating  applications  (other  than  domestic).  It  i«  your 
guarantee  of  Honeywell  <iuality.  A  wide  variety  of  both 
modulating  and  two-poaition  motorn,  controllerB  and 
valves  provide  a  flexible  8<tlocition  of  control  equipment* 

ELECTRONIC  CONTROL 

Now,  because  of  the  many  special  features  of  Honeywell 
Electronic  Control,  It  i«  en«y  to  achieve}  result**  which 

previously  wouhl  have  b«(»n  extremely  diflicult  or  im- 
possible. Electronic  controls  arc  stifXT-Befisitive  and 
accurate.  They  are  mmpU*  in  ojxtration  iuicl  very  (htxibio 
in  application.  A  single^  electronic  thermo«tat  hitving 

no  moving  parts  can  be  uscul  to  control  both  heating  itna 
cooling.  The  control  settirigB  can  !H!  maintained  con- 
stantly or  may  be  reset  automatically.  An  almost  un- 
limited number  of  averaging  and  compensating  control* 
can  be  used  to  obtain  practically  any  dcnired  result. 
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Minneapolis-Honeywell  Regulator  Co* 
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PNEUMATIC  CONTROL 

The  "Grudutrol  System"  designation  is  applied  to  any 
combination  of  Minneapolis-Honeywell  automatic  pneu- 
matic controls  used  to  govern  the  operation  of  air  condi- 
tioning or  heating  systems.  This  equipment  may  be 
used  to  obtain  either  two-position  or  modulating  control 
in  any  desired  sequence.  Such  features  as  infinite  posi- 
tioning under  full  power  with  the  Gradutrol  Relay  and 
accurate  graduation  of  valve  and  damper  motor  position 
make  the  Gradutrol  System  a  truly  remarkable  advance 
in  pneumatic  control. 


COMBINATION  SYSTEMS 

The  outstanding  advantages  of  the  Honeywell  pneumatic 
Gradutrol  Svatem,  the  electric  Modtitroi  System,  and 
the  Electronic  Control  System  may  he  combined  in  a 
single  installation.  Thus,  maximum  flexibility,  low  cost 
installation  and  dependable^ control  results  can  be  ob- 
tained. Honeywell  can  furnish  controls  for  any  particu- 
lar typo  of  system  or  for  any  combination  of  systems. 
TlnVis1  your  guarantee  of  fair  and  unprejudiced  engineer- 
ing advice  as  to  the  type  of  control  bent  suited  to  your 


BROWN  INSTRUMENTS 

To  obtain  be«t  renultM  from  modern  heating  and  air  con- 
ditioning equipment,  It  i«  neeeHWiry  that  the  engineer 
in  charge  hnve  a  vtHtini  picture  of  actual  conditions  at  all 
timeH.  Brown  tuHtrumentK  are  designed  to  BUpplv  this 
information  and  to  help  operate  the  Hyntem  at  it«  Inchest 
efficiency.  A  complete  line  of  Brown  innfruiuentH  la 
available  for  meumiriiij£,  controlling,  and  recording  tem- 
perature, humidity,  flow,  preHHure,  rpw,  liquid  level,  pi!, 
and  fire  «afet  v, 


FREE  HONEYWELL  LITERATURE 


Following  i«  a  lint  of  free  pamphlet  «  on 
vnriouH  application**  of  Honeywell  con- 
trols, ThtH  li*t  does  riot  cover  the  mm- 
pletu  Honey  weH  line  but  rather  in  limited 
to  general  application**,  If  you  have  a 
Kpecnal  coittrot  problem  or  reijuire 
on  »  Hpecifir  type  of  h 


550NK  CONTROL 
UNIT  HEATER  cmTROL 
KADI  ANT  PANKL  HKATINCS 
CONTKOLH  FOR  SCHOOLS 
CONTROLS  FOR  HOSPITALS 
ZONE  CONTROL  FOR  11OMKH 
BFRINO^tETl'RN  VALVES 

ELECTRONIC  MODUFLOW   FOR 
HOMK8 


pleiiKe  write,  nUttinp;  your  needn,  and  wo 
will  try  to  furnwh  the  infonnution  r«- 
(jtiired*  Remomher,  tim,  that,  friendly 
Hcmeywell  repre8<*utativeH  in  offices 
thr*mghout  the*  nation  await  your  call 
itnd  will  he  glad  to  help  you  ,ut  any  tiimt* 

KLKCTRON1C,  AIHCcjNr).  (X)NTROL 
CONTROLH  FOR  AFARTMKNTH 

W 10  ATH 10  RHTAT  C  >l  JT I X  X )  R  C :()  M- 
TKOI- 


A()UATROr, 
KVST10MS 

HKATINCr 
TItOLK 

BROWN 
MKNTS 


.  FOR  HOT  WATKR 
AND  AIR  (?ONf).  CON« 
INDUSTRIAL  INSTKlf- 


Send  your  reqtt^st  for  literature  to  the  MinneapoHs*Honeywell 

borne  office  at  Minneapolis  or  to  your  netreut  branch  office. 
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Moeller  Instrument  Company 

132nd  St.  and  89th  Ave.,  Richmond  Hill  18,  New  York 

Representatives  in  Principal  Cities 

INSTRUMENTS  FOR  HEATING  AND  VENTILATING 

MOELLER   BRASS    CASE   INDUSTRIAL    THERMOMETERS 

"mercury  filled"  with  MOKLLER  glass  rod  reading  column  are 
available  in  7,  9  and  12  in.  cases,  fixed,  union  or  separable  soeke^ 
types,  for  pipe  line  and  tank  applications*  Air  duct  thermometers 
arc  supplied  with  flanged  union  connection  and  ban*  bulb  for 
sensitivity. 


-*0= 

!! 
1 

T 

1 

m 

i 

I 

MOELLER  DIAL  AND  RECORDING  THERMOMETERS  are  mereury  actuated 
built  for  accuracy  and  Ion#  life.  Dialn  an*  available  in  1U,  6  and  X  in.  WXOH,  single 
or  duplex  typo.  Recorders  in  10  ami  12  in.  sizes,  in  1 ,  *J,  !i  and  -I  pen  types, 


Reading  Tj/j>c,  m£Tcury  tfinfflvand  multiplf.yfn,  /^W£*ff/  mrrrHi*;i  nrtimtfd, 

actuated    with    #efparablfi    socket  ttarittitft    Keadinff    typf»  bulb  tyt»e  iwr/trtilr;-}  tt'Mjm 

connection.     Back  connection  or  in  rtPtitnputar  vr  round  tit  in ««*'/*« mtr  /WIN/A* 

jff  us/t  moun  iin  ^ .  cane* . 

Send  for  catalogs  and  literature  on 

I NDUSTRIAL* LABORATORY  AND  RECORDING  THERMOMETERS 

THERMOSTATS  *  HYGROMETERS  *  HYDROMETERS 

PSYCHROMETERS  and  MARINE  SPECIALTIES 
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Perm  Electric  Switch  Co. 

Main  Office    Goshen,  Indiana;  In  Canada  -Penn  Controls,  Ltd. 
Offices  and  Representatives 

ATLANTA;  HF,HKI;LV;<'HI<'A<J<>;('I,I-;VI:LANI>;  PALLAS;  DAYTON;  DKNVKH;  DKTKOIT;  Los  AN<;KLKK;  MINTNK- 
Ai'oMH;  MiLW.vrKKK;  MOLINK;  XFAVTON,  MASH,;  NK\V  YOUK;  PHII-ADKLPIIIA;  ROOHKKTKK;  SALT  LAKI-, 
CITY;  ST.  Lm  IH;  SKATTI.K;  KXIKIHT-  -13  K.  40TH  ST.,  NFAV  YORK  Iti,  NY,\v  VOUK, 

Distributors  and  Jobbers  in  AH  I>rmcipal  Cities 

Automatic  Controls  for  Heating,  Refrigeration,  Air 
Conditioning,  Engines,  Pumps  and  Air  Compressors 


fhl  ftutnrr  tftt 


HEATING  CONTROLS 

A  wide  selection  of  eontrola  is  available  for 
automatic  heating  norvioo  on  steam,  vapor,  hot 
water,  or  warm  air  systems  ,  .  .  gas,  oil  or  coal- 
fired.  Typical  eontroln  in  Pemfs  complete  line 
are;  Low  and  Line  Voltage  Room  Thc^nnoHtats 
•Stoker  Timers  -Oil  Burner  Slack  Switches 
—Magnetic  and  Motori/.ed  (las  Valves  •-Hot 
Water  and  Warm  Air  Temperature  Controls 
(including  a  new  lino  of  Liquid  Expansion  Fan 
and  Limit  Controls)  Vapor  and  Steam  I*roH- 
Hure  ( *ontroLs-  Relays  and  H<klay-Traimfonn<krH 

•  -HuiuidiHtatH-    Day -Nit t»  Tem-ChiekK -Pilot. 

Bttrnern  and  I*iloi  <tenerntors  I'tiermupilot 
Relays  Low  Pressure  ({as  Kejsulators'  — 
Damper  Mot  or  Controls  -and  Solenoid  Valves. 
For  complete  descriptions  and  HpecilieatioiiH 
write  fc>r  free  catalogs, 


REFRIGERATION  CONTROLS 

A  compleft*  Hue  of  nut  omul  ic  commercial  refrig  • 
era!  ton  cont  ruin  ,  ,  .  in  n  wide  <*h<>i(*<*  of  pre« 
Btire  and  t<*mpt»nittm*  inndi'ls  to  fit  «'V«*ry  riecd, 
New  S**ri*'H  'Jt70  Heavy  f  >uty  li^hi^ntum  <  'ou  - 
trol  features  two  poll*,  load  carrying  contact 
Htrurtunt  and  direct -rt»ndii*g  <*ulil»rjitfd  HcnicH, 
Other  Cfjistrols  in  th*«  refVigerntioti  line  iitchide: 
C!o<»Itng  Hoiiiu  Th«*rin<mtiitH  ••  Hu!tti<liHtntH"  • 
Hi»hty»  "Solenoid  VttIyt*H-"-  Line  Start  <TH  and 
Motor  C*o»tactor«  in  Hisw  fl»ft»  n«d  1|  -and 
Water  Kegiiliitiiig  VulvcH  in  Hisi<fH  up  to  2J  in. 
J.P.T,  Writit  for  fnw  i»atal(»gH  which  give  cow- 
pl<ft«  di'KcriptioiiH  find 
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RERFEX 
3RPORATION 


Milwaukee  7,  Wis.  IN  CANADA-~-Perfex  Controls  Ltd.,  Toronto  1,  Ont. 

REPRESENTATIVES  IN— New  York,  Cleveland,  Chicago,  Milwaukee,  San  Francisco. 

DISTRIBUTORS  IN— Albuquerque;  Atlanta;  Bui timoro;  Boston;  Butto;  Chicago;  Cedar  Rapids;  Charlotte; 
Cleveland;  Dos  Moinea;  Detroit;  Grand  Rapids;  Giwn.shoro;  Indianapolis;  Kansas  City;  Louisvillo;  New 
York;  Norfolk;  Milwaukee;  Philadelphia;  Pittsburgh;  Portland,  Orogon;  Richmond;  Kodiostor,  N.  V.;  Salt 
Lake  City;  San  Francisco;  Seattle;  81.  Louis;  St.  Paul;  Sioux  Falls,  Tucson. 


COMBUSTION  CONTROLS  AND  INSTRUMENTS 


Increased  boiler  efficiency,  lower  fuel  costs,  elimination  of 
smoke,  saving  of  operator's  time- -these  are  some  of  the  bene- 
ilts  of  installing  dependable  Perfex  combustion  controls  and 
instruments  in  the  boiler  room.  Overfire  draft  control  systems 
and  modulating  systems  controlling  fuel  and  air  input  for  oil, 
gas,  or  stoker-fired  boilers,  draft  gages,  pressure  gagc\s,  flue 
gas  temperature  indicators,  combustion  controls,  draft  con- 
trols, damper  program  controls  and  actuators  comprise  t lie- 
complete  lino  of  cost-cutting,  controls  and  instruments. 


/'7wr  (fas 


Pressure  Controls 


Actuator  Draft  Central  Draft  (fagf 

AUTOMATIC  HEATING  CONTROLS 


Dependability  and  accuracy  characters*.  the  complete  Pcirfex 
lino  of  aut omatic  luxating  eont  rols  for  domcnt  ic  ht»at ing nyst  em.s, 
unit  hcat<^r  systt^nH,  oloctric  healing  8yst(*iUH,  etc*,  Tlu*  Jims 
includes  thermostats  (low  and  line  volt  age  i,  limit  and  opi'miing 
controls  (for  nteam,  hot  water  and  warm  air  I,  primary  controls 
(for  oil,  gas,  stoker  or  hand  firing),  time1  switches,  relays,  and 
barometric  draft  regulators.  Feature  of  Perfex  eontroln  is  the 
"Twin  Contact"  Switch  "-which  gives  double  iu*tion,  positive 
contact,  magnetic  HWip-aelion,  imniunity  to  vibration,  docHn*t 
nu{uir(»  l(^v(kling  and  has  no  flexible  leads  to  impede  action  or 
cause  oil-calibration. 


L 

Line  Voltage 


12(54 


Controls  and  Instruments 


THE  POWERS  REGULATOR  Co. 

Over  59  Years  of  Temperature  and  Humidity  Control— Offices  in  SO  Cities 


tK  17,  X.  Y.?  231  Kjwt  40th  St.  - 
Chicago  I-i,  271'J  Urwnview  Av«.  -LoH 
ANCJKMM  5,  1808  W.  8th  St.  -BoM-oi^IS,  125 
St.  Botolph  St.  DKTHOIT  I,  320MoKon»lu\v 
Bl(lK.--PiULAi»i-;UkinA  B2,  2210  N.  Brond  St. 
—<  'LKVKi.AN'D  2,  5401)  ( !l»rk  Avi\— ST.  LotiH 
3, 2UH  Pino  St. -PITTHHUKUII  22,  ( )Hv«T  BldR. 
2,  250  Dohiwart*  Avo.— NKW 


OHLEANH  12,  208-209  Vincent  Bldg.— CIN*- 
riNNATi  4,  2808  VV.  8th  St. —KANSAS  CITY 
8»  1510  Main  St.— SKATTLK  1,  3150  Jilliot 
Avo.— HOUHTON  6,  809  Stuart  A vo.— AT- 
LANTA 3, 142  Spring  St.  N.W.—D ALLAH  1, 2415 
N.  IN'nrl  St.  — (litBKNHHOKO,  733  Jefferson 
Standard  Bldj?. 


A  very  complete  lino  of  Temperature,  control  for  every  conceivable  purpose  in 
Humidity,  Pressure  indicating  con-  all  types  of  buildings  have  given  us  a 
trolling,  and  recording  regulators  for  wealth  of  experience  from  which  you  can 


and   HM'onlin^   regulators     for 
and   uir  conditioning  Hystc-nwT 

indu.strinl  procoswH  and  all  lypon  of  hot 

\vator  licatorn, 

Over  «r)l)  years  of  oxporionco  in  furnishing 

and  installing  temporal uro  and  humidity 


wealth  of  experience  from  which  you  can 
draw  in  selecting  the  proper  iypo  of 
control  for  any  purpose,  Catalogs  and 
Bulletins  describing  our  products  fur* 
nishcd  upon  request.  Phone  or  writ*1  our 
nearest  oiliee.  See  your  phone  directory. 
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Rochester  Manufacturing  Co.,  Inc. 

80  Rockwood  St.,  Rochester  10,  N.  Y. 

274  Madison  Ave.,  NEW  YORK  16  -  9443  S.  Ashland  Ave.;  CHICAGO  2C )  .  14  Agawam 
Rd..  WABAN,  MASS  •  2949  Harriet  Ave,  S.,  MINNEAPOLIS  -  IMS  Market  St., 
SAN  FRANCISCO  3  -  1011  Greenmount  Ave.,  BALTIMORE  2  -  h270  Souder  St., 
PHILADELPHIA  24  -  4  Manor  Rd.,  East,  TORONTO,  ONTARIO,  CANADA. 

Liquid  level,  pressure  and  temperature  gauges  in  a  wide  range  of  types 


"DUAL-DIAL"  FUEL  LEVEL 
TANK  GAUGES 

Those  highly  dependable,  casy-to-road  fuel  level  gauges 
have  boon  the  standard  of  the  industry  for  25  years. 
They  feature  a  magnetic  gauge  action  which  makes  them 
leakproof -pressure  tight.  The  pointer  Ls  actuated  by  a 
permanent  non-electric  magnet  in  solid  gauges  head,  Xo 
shaft  hole  or  shaft  penetrates  this  pressure  tight,  seal.  A 
steel  cap  with  unbreakable  windows  protect  dials. 
Undcnrritcrs  listed.  Mounts  on  top  of  tank  at.  center  or 
either  end  in  pipe  thread  fitting  -lj  2  in.,  or  2  in.  for  all 
basement  tank  depths-  22  in,,  -10  in.  or  -17  in.  Model 
3175. 


PRESSURE  AND  VACUUM  GAUGES 

Designed  for  indicating  and  testing.  Pressure  gauges 
available  in  various  ranges  but  Model  2-150  is  typical. 
liaiigo  0  to  200  psi,  2  in.  dial,  J •«  in.  bottom  connection, 
All  moving  parts  made  of  materials  that  withstand  \vcar 
and  vibration.  Special  diaphragm  and  dampner  const  rue 
tion  provide  long  service  life.  All  gauges  individnnllu 
calibrated  for  accuracy.  Mo<lel  2150. 


CIRCULATION  AIR  CONTROL 
THERMOMETERS 

Circulation  Air  C-onlrol  Thcjrmonuvfcr  Kit.  Parked  three 
to  a  Kit,  permits  accurate  balancing  of  air  temperature 
in  any  type  of  forced  air  hunting.  To  be  hwwied  in  warm 
air  duct,  return  air  duct  nnd  near  blower  switch  all  at 
one  time.  Stainless  stoel  with  2  in.  cany  to  rend  dinl  and 
0  in.  stem  with  tapered  bushing  to  fit  snugly  in  aw!  or 
nail  pierced  hole.  .Sturdily  and  accurately  made, 
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Simplex  Manufacturing  Company 

Fond  du  Lact  Wis. 
SIM-TROL  Barometric  Draft  Controls  -SIMPLEX  Roof  Vent  Flashings 


ment 


As  brecehin^s  and  stacks  must  provide  sufficient 
draft  under  adverse  atmospheric  conditions,  there- 
fore, during  normal  and  high  barometric  condi- 
tions, cold  months  and  windy  periods,  they 
generate  highly  excessive  draft  intensifies  with 
resulting  inefficiency  and  fuel  waste. 

ADVANTAGES 

A  HLM-TROL  automatically  maintains  a  con- 
stant minimum  draft  required  for  good  combus- 
tion, effects  fuel  savings,  reduces  the  velocity  of 
hot  gases  through  the  boiler  increasing  heat. 
transfer,  reduces  air  infiltration  and  cold  air 
inrush  causing  sudden  shrinkage  of  boiler  parts. 
It  eliminates  local  hot  spots  in  coal  firing,  In  oil 
and  gas  firing,  it  eliminates  floating  and  pulsating 
flames  and  sucking  out  of  pilots.  Feed  water 
regulation  improves,  more1  even  super-heat  re- 
sults, boiler  life  is  increased,  tube  clogging  re- 
duced and  boiler  room  ventilation  improved. 

A  SIM«THOL  aids  materially  in  smoke  abate- 

by reduction  of  unlimited  combustibles  and  by  dilution  of  combustion  products 
air,  Isxeessive  Mack  temperatures  are  eliminated,  reducing  fire  hazards  and 
stack  liner  life, 


CONSTRUCTION 

A  SIM  THOL  i;s  easil\  adjusted  for  accurate  performance,  The  races  adjust 
laterally,  the  race  asnembh  vertically,  and  the  angle  of  the  arm  may  be  varied  in 
relation  to  the  plane  of  the  Kate.  Proper!)  nixed  SIM-TUOLS  allow  adjustment 
I'nr  any  desired  dnift  intensity, 

<  lates  of  7  ",'/;«'  ,1  and  *fv/«  (f  SIM-TKOhS  rotate  on  cold  rolled  steel  arbors  and 
du-ilpronf  ball  bearing.  Curved  tubular  counterbalances  contain  heavy  metal 
ball*  constantly  changing  position  to  compensate  for  varying  angle's  of  the  gafo 
:t"  it  rotates  to  go\crn  air  input  to  the  breeching  or  stack,  Maintains  an  over  -lire 
draft  \\ithiu  fMM  in  »»t'  wafer,  plus  or  minus, 

All  fuirls,  except  bearing*'  ,  an*  protected  by  hard,  heat  resisting  boiler  room  ttnam- 
fN,  \1I  counterbalance  members  a.re  outside*  fire  from  encrust  merit  and  corrosion 
b\  product.*  of  cf»mbu*ti<Hi. 

DESIGN  FACTORS 

Si/ing  is  *'\tremcl)  important.  The  gate,  or  input  opening,  should  equal  the 
breeching  ur  stuck  area,  Whe-nHtwk  height  exceeds  1)5  ft  ,  we  recon'iitif^id  !(>  pere«tnl, 
incri«{iM*of  input  area  for  eacli  addiiitmal  IJ5  ft,  <»r  cuiihlderable  fniet.ion  thereof, 
When  p»H*ible,  j»n*feri*nc*t  should  IMS  given  to  a  wide  control,  rather  than  a  high 
jiutc,  fnr  ruJjuwt  merit  enw*. 

Hnri/outa!  clearance  from  breeching  **v  ntack  shotihl  approximate  K?jt<i  height 
pltjH  «'|lf  in.  Over  nil  height  apjiroxiiuufeH  ju;ate  height  pluw  '17  in.  Over  all  width 
will  ap(irovini!itf*  gate  width  plus  N  in.t  However,  HIM  THOLS^  CHU  be  <lesijj;ne<l 
Hticce.sxf'ttilv  for  luniteil  spaces  when  boiler  room  plans  are  sui»initte<l, 

SIM  THOI,  type^t  \  nnti  C  are  individually  desiKtied  to  reqnircinerttH^ind  npeei 
ficntionv  of  the"  plant  t«i  !>**  served.    Upon  receipt  of  wtack  and  !)Mw*chiitK  diuiMt* 
sions,  cIearanc*'M,  number  of  boilers  n,nd  method  of  firing,  t  a  sketch  of  the  recnm 
mended  SIM  'THOli  i«  submitted  for  approval,  without  oblitfiiti<m, 

SfM  TU<H*  baniinetric  dnift  controlH  art*  itvailublit  front  I  in,  diameter  up  to  ca- 
pacities for  lit'*  htt'Wftt  pL'ifif^,  DcHrriptive  mntcrial  ami  pric«»n  on  re<jur*st, 

FLASHINGS 

Simplex  Hoof  Kln*hinKM  *»f  Cjwt  bwL  Sheet  I^»ud,  and  Copper  or  (talvuuixed  Steel 
with  lead  calking  cuHarn  »re  available  for  uw*  on  lilt  round  flue  and  vi*nt  pipe^t  |»ro 
truiling  from  the  ruof, 
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Controls  and  Instruments 


Spence  Engineering 
Company,  Inc. 

28  Grant  Street,  Walden,  N.  Y. 


Regulators  for  the  accurate  control  of  Pressure,  Tem- 
perature, Differential,  Back  Pressure  and  Liquid  Level; 
also  Pump  Governors,  Electrically  Controlled  Regula- 
tors, Desuperheaters  and  Strainers. 


The  SPENCE  Type  ED-W27  Two- 
Stage  Pressure  Reducing  Station  us  de- 
signed to  servo  a  heating  system  depend- 
ably, atr  low  cost  and  with  utmost  safety. 
The  primary  is  a  pilot  operated,  Typo 
El)  Pressure  Regulator,  JU'XX)  Motul 
trim  affords  guaranteed  resistance  to 
wiredrawing.  The  secondary  in  a  direct 
operated,  Typo  W27  Valvo,  simply  con- 


strue! ed,     yet     engineered     for     long, 
trouble-free,  luuiting  (July. 

Note  that  the  Diaphragm  of  the 
SPKNC'K  Saf<»ty  Pilot  IM  conneeted  to 
the  low  Hide,  Should  the  secondary  valve 
fail,  thi.s  Pilot  will  assume  control  of  the, 
primary;  thereby  effecting;  a  one*Bfag;e 
ixuluction  from  primary  to  final  delivery 
pressure. 


<—  By  adding  a  HPKNfCH  Solenoid  Pilot  any  SPKXt'K 
Regulator  may  be  cut  on  and  oil  electrically. 

A  Spence  Type  E2T100  Temperature  Regulator  ro- 
due<»K  and  modulatoH  thc^aleani  prenHure  to  a  iioatcr  with 
great  HenHitivity.  V(try  miiall  mtanges  in  temperature  at 
the  thermostat  j>roduco  HuOicient  variation  in  pn»HHtire 
to  rapidly  adjUHt  the  rate  of  heat  transfer  an  needed, 

TIu«  Ti'inperature  Regu- 
latoi*  in  actually  a  Pri*Hsure 
Regulator  which  i«  being  re* 
net  in  a  poHttjvc%Htefj  action 
by  small  variations  I  it  trm- 
p«ratur«  at-  th«  Hftiwitive 
therinoHtat.  It  b  unaf- 
fected by  varying  initial 
preHHure  arul  guarantcnul  to 
shut  off  tight  when  th«  de« 
inand  ha« 


1 


Specify  SPKNCK  Typo 
1OTKK)  for  aceunite  and 
highly  offiftiwit  Control  on  all 
typcw  of 
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Sterling,  Inc. 

3738  North  Hollon  Street  Milwaukee  12,  Wisconsin 


Heating  and  Temperature  Control  Products 


Distributed  through  leading  Heating  and  Plumbing  Wholesalers 

Sales  Representatives  in  Principal  Cities 


HEATING  SPECIALTIES 

ThermoHtatie  Traprt:  WJSOH  !  ^  in,,  ?4  in.,  1  in.;  max.  pressure 
15,  B5»  KM),  125  pni;  Anglo,  Straightway,  Corner,  Vertical 
Body  Stylew.  Float  awl  ThermoHtalio,  Trapn:  mzea  ?.j  in.  to 

2  in.;  max.  pre,MHure«  15,  100  pm,  Stramero:  max.  preHwmj 
125  pni;  Caat  Iron  SIZCH  1 2  in.  to  2  in*;  Brass  Sbes  ?H  »*•  to  I 
in.  Alno  Vents,  Radiator  Va,lve«,  Boiler  Upturn  Trap«. 

Illustrated  at  right,  in  the  compact,  Hturdy  ?*  i».  ttOB  F&  T 
Trap,  wliieh  like  all  other  Wterlc.o  traps  ha»  a  helloww 
thennoHtat  and  replaeeahle  rteatn  and  valv<»  nuernhc^H. 


CONDENSATION  and  VACUUM  PUMPS 


4HX)«n«I  42IKlHi»rii»H  (illuHtratod);  neat,  convenient  unit 
with  either  Mtee!  or  cant  iron  tank,  Dual  voltage  ca- 
pacitor type  motor  and  carbon  type  rotary  Heal  --for  nil 
jobs  up  to  I  I,(KKI  Wf  ft  KOR,  20  pw,  Wm  S(»rii,*H :  heavy 
duty  wuitH  with  pe»I(»8tal  mounted  Kt(»el  tank  for  a  wide 
range  of  jc»h«  fJKK)  to  05t(XX)  wj  fl,  up  to  150  jj,si,  ;i7(K) 
H(»rU»H:  with  heavy  c*w*t  iron  tank  for  iimtallntiou  under- 
ground or  in  witt  lomtbrw,  2IKK)  to  iJfMKK)  wq  ft,  20  or 
80  f*I.  Viyniuin  PumpH :  Type  V,  2fi(X>  and  f>0f H)  Hq  ft,  20 
fwi,  Typct  S,  lO/KXJ  to  40,CKKKsq  ft,  20  to  40  p«L 


TEMPERATURE  CONTROL  VALVES 

No,  120Therftmi.ro!  {lliit»trat«*d};«elf'«ff»iitalijf»d  Individ 
ual  nidlftf^ir  tmpmitttre  control  for  «tc«ani  or  hot  water, 
KftwIIy  irwfjdlrd  In  place  of  nwtimttl  mtiiaior  valve  wit  h- 
out  wiring  or  otfwr  external  ninmtrtionH,  Tank  Teiu- 
Control*);  w»If -powered  inodultttiiig  control 
for  fluid  heiitere  and  pnif«*H«  wjtilpHiefit,  HIX<»,H; 
Jg  in.,  *,.}  in,,  ?,$  in..  I  in.,  1?;|  in.,  l1^  in,,  2  in, 
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Controls  and  Instruments 


laidor  Iiulrum£rvt 

I  Rochester  1 ,  N.  Y.,  U.  S.  A. 


IN  CANADA— TAYLOR  INSTRUMENT  COMPANIES  OF  CANADA,  LTD.,  TORONTO 
NEW  YORK  BUFFALO  CLEVELAND  HOUSTON  BALTIMORE 

CHICAGO  LOS  ANGELES        ST.  LOUIS  CINCINNATI     ATLANTA 

BOSTON  PITTSBURGH          SAN  FRANCISCO         TULSA  MINNEAPOLIS 

PHILADELPHIA  Manufacturing  Distributors  in  dreat  Rritain,  WILMINGTON 

Short  A  Mason,  Lid.  London  SCHUNKCTADY 

Taylor  Instruments  for  Indicating.  Recording  and  Controlling 
Temperature,  Pressure,  Humidity,  Flow  and  Liquid  Level 

Taylor  Record- 
ing Hygrometer 

—Records  both 
wot-  and  dry- 
btilb  tempera- 
tures on  the 
same  chart  in 
different  col- 
ored inks,  mak- 
ing comparison 
very  easy. 

Type  whovvn 
has  motor- 
driven  ftin  for 
eo  nd  i  ti  oned 

rooms  or  passages  where  circulation  is 
poor.  Furnished  without  fun  for  instal- 
lations when1  circulation  across  bulb  is 
Rood. 

Taylor    10BG    Hygrometers 
•    For  Air  conditioning  sup- 
ply and  return  ducts,  dryers, 
and   other  cloned   compart- 
ments when* 
tempera  tun* 
and    hutnid- 

are    desired. 
( *  o  m  b  i  n  en 


Taylor  Industrial  Thermometers 
—with  new  "BINOC"  Tubing— 

Includes  many  styles  and  scale 
ranges  with  bulks  for  every 
application.  Those  thermom- 
eters contain  a  new  and  radical 
development  of  tremendous  im~ 
porUnce—  "#/N0Cn  Tubing. 
This  newly  designed  and  op- 
tically correct  glass  tubing 
assures  an  ease  of  reading  that 
haw  been  generally  lacking 
in  industrial  thermometers. 


(moro  than 

doubles  the  an- 
gle    of     vision 
within      which 
readings   can   be  made.     Bo- 
cause  ^of   the   patented  triple-lens  con- 
struction its  broad  mercury  column  can 
be  read  easily  and  accurately  with  both 
eyes.    Bora  reflection  is  absent. 
T?aylor     Birarn's    Anemom- 
eter—For    measuring     air 
velocities  with  fan  revolu- 
tions    indicated     on     dial, 
Various  models  for  a  wide 
rango  of  air  speeds  and  reg- 
istration limits. 

The  Taylor  "Fulscope"  Recording  Con- 
troller—An air-operated  controller  that 
gives  practically  any  character  of  process 
control  regardless*  of  time  lay  in  ap- 
paratus, 

Available  for  controlling  temperature, 
pressure,  humidity,  rate  of  How,  liquid 
level.    Where  extreme  load  changes  or 
badly  balanced 
operating    con- 
ditions 


the 


accuracy 
unii 


precision  con- 
trol can  be 
maintained  by 
the  automatic 
reset  feature. 
For  applica- 
tions whore  a 
record  IB  not 
needed,  Taylor 
supplier  an*  In- 
dicating "Ful- 
s cope"  Con- 
troller. 


of  an  etehed«,st  <*m 
ruftijodneHS  of  an  itulustriai  (  herntomefer. 
Mnsily  installed.  Available'  wit  It  bottle 
or  constant  automatic  water  .supply, 


Taylor  Sling  Psychromcter  • 

Two  accurate  etched -Hteni  tiu'r- 
mometer.s  mounted  on  dk*'CnKt 
frame,  wit  h  the  bulb  of  on<»  iwf" 
ered  with  a  \yick  to  b<»  nioiH- 
teninL  Whirling  Imllw  nubject 
this  hygroinet<'r  to  coiupli*f<*  iur 
contact  to  produce-  t»xt  rente  w» 
curacy  of  temperature?  ami  hu 
miditv 


Taylor  also  offers  a  complete  line  of  the 
famous  Taylor  Recording  and  Dial  Ther- 
mometers; Ratio*  Pneumatic  Set,  Self- 
Acting  and  Type  4*Pf*  Controllers; 
Indicating  Hygrometers  and  many  types 
of  Humldlgtiides, 
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Heating  Systems  •  Boiler-Burner 

Aldrich  Company 

121  K.  Williams  St.,  Wyoming,  Illinois 

Boiler-Burner  Units,  Domestic  and  Commercial  Oil  Burners 


Aldrich  Boiler-Burner  I'nits  available  in  a  range  of  7  sizes  for  Hot,  Water 
Heating,  Steam  Heating,  and  Hot  Water  Supply  -  are  designed  for  home,  apartment, 
e,  club,  restaurant,  hotel,  ami  factory  installations.  (JagoK,  covers,  and  trim 


are  furnished  to  suit  model  and  type  of  unit  ordered.  Heavy-duty,  double-spiral 
hot  water  colls  are  factory  •  installed  and  tested  in  SO  and  \VO  models,  Matched 
Aldrich  Oil  Burner  furnished  with  each  unit.  Standard  equipment,  includes  full  set 

of  baaic  automatic  controls,  Series  B(  1  Boilers  an*  gas-fired  with  ,4  6M  -approved 
burners  for  first  five  si/es  and  have  ratings  identical  to  corresponding  oil  -fired  boilers. 


HWr/ff/  .v/M/./f/r 
lmjf  in  !nt*  */  ir///i 
rax/  /v/Mf'/i»n/ 
htin'mj  hitfh  /v 


BOILER-BURNER  UNITS 
Sizes    Specifications    Dimensions 


lutitut 

i  mi 

ftiittiiM 


Ske  ftf  Boiler  litwimH 

Sj.    Ft,    H.»t    \\ntrr 

Ni     It,    Ht<t    \\«ti't 


Lni'iti       lut  m*  /• 
niHtinlitttf    jjittiir 
/^'n?"i/*\s'     aw  $x 


118 

751? 


IVrllr,  <Mn\,t 


L4V> 
ilNMIOfl  ;?!H,tHKH 

125 


I  intt«  If uti*    <i!*Ii  Hwt 
Mml««i  li?ir«i«*r  I'"t»ntif4»wl 


Hrtisht  of  Mtttti  f*lM«H  ( 


<A1 

,!% 
4'J'J* 


/Mf*/  /H-J, 


,/ft 

t.mi 

SAX  I 

I!  I 
HI* 

ll'i" 

in 


HHKI 


225,  WH) 


2,75 
I.7f> 


j»i" 

24" 
20 


Huujrr  Only 


.Wl 


44 
24»4" 


W»^ 
2,  lift 

a.n? 


315 


,S,W 


2,4 
2,5 


.  "n  * 

f/,25 


Ki'W    ;  1720 


141ft 
MODEL  DK8IGNATIOWS 


sr» 

lh«i,f» 


514 


UiiiHJ 

202f> 


MO 


3.7 
4,5 

I4X 


140 

2115 


«»;« 

MHK) 


KOS.IHK) 


170 

Ji.fK) 

fi.OO 

7,  ft 
BX 


7.B5 
10, CK) 


140 

24PI 


r««»I 


i,  will* 

ALDRICH  OIL  BURNERS 
Ctpteities  from  CK7S  gph  to  1<>  gph 

Models  SAX-BX-JU-CX 

Aldrirlt  (HI  fltiru^fH  are  iuao!«  in  tlHixjtf*  and  4  modate 
fur  doiinwUr  and  coni»»»niiiftl  warm  Hir,  Hli»a»if  or  hot 

tuul  fins  UL-ap 
All*i«t«I  nioil^l  HAX 


intft  Itibii 

*1  firing  rang*?** '  0,75  to 
i.  L35  in  2  g{»li»  lUid  9J  to 
i.     Mutli'I  ("X   in   rat i'*i 
2  Kph,    Mtid**l    BX  m 
rut  mi  from  4  to  8,5  gpi*.    Cn- 
"      <rf  MotM  JU  1»  7  to  19 
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Heating  Systems 


Boilers 
»  Radiators 
Convectors 


AMERICAH 
RADIATOR 

CORPORATION 
P.  0.  BOK  1226,  PITTSBURGH  30,  PINNA. 


EMPIRE  GAS 
BOILER 

Atinujt.ivo,  econom- 
ical, made  in  a  com- 
plete range  of  «izes 
for  smaller  homen  and 
buildings,  with  or 
without  basement  ; 
also  for  domestic  hot 
water  supply.  Ap- 
proved by  American 
Gas  Association*  AGA 
Ratings:  Water  -2  10 
net  ft  to  MOO  H<I  ft, 
Steam—  255  aq  ft  to 


STANDARD 
GAS  BOILER 

Designed  for 
larger  home.s 
and  buildingH, 
Approved  by 
American  Gas 


A  GA  Ratings: 
Htoam—OfX)  to 
10  000  Bq  ft, 
Water- 9(JO  to 
25  000  H<I  ft.. 

ARCOLINER  (Wet 
Base)  OIL  BOILER 

Oil  boiler,  with  or 
without  Arexjilame 
Burner,  for  Binall 
honieH.  Wet  bano  con- 
Htiuction  ideal  ior 
homea  with  or  without 
basement  B,  Rating: 
StCAiu  -200  to  520  nq 
ft  Wai  or  -420  to  H35 
nq  ft,  inntalkul  radia* 
iion, 

OAKMOKT  OIL 
BOILER 

ExcluHiv<%ly  for  oil  fir- 
ing, Alho  Htippjied 
UH  complete  boilei- 
buriH  r  unit  with 
Arcoflame  Burner, 
Katin^w:  Hteam  -iit)() 
to  810  H(i  ft,  Water 
(J25  to  1295  MI  ft, 
inntiiiled  radiation. 


EXBROOK  BOILER 
""""For  Oil  or  Stoker"" ' 

Boiler  in  sizes 
adupied  for  larger 
homes  and  buildings. 
Available  with  Aroo- 
flaine  Oil  Burner  as 
boiler -burner  unit. 
Ka tings;  Steam  -  -775 
to  iar>0  »sq  ft,  Water- 
1240  to  2(>40  Hq  ft. 
installed  radiation. 

SEVERN    BOILER 

Far  All  Fuels 
Efficient    boiler    with 
advanced  features  for 

convenience  and  econ- 
omy. K ni i lifts:  Steam 
"-850  to  7HO  H<|  ft, 

Water  -500  to  1250 
8t|  ft,  installed  radia- 
tion, 

RBDPLASH 

BOILER 
j        For  A!lTFuels 

Keonomirui  he»t,  for 
any  w/.e  or  kind  of 
building.  AttnuMivo 
jacket,  fully  innu- 
lattnl,  Haiingrt: 

Steam  770  to  IKKHJ 
nq  ft*  Water  -12BO 
to  ir»,SIO  »*(j  ft,  in- 
tnlled  rnfliafiort. 

WATER  TUBE 

BOILERS 
For  Oil  or  Stoker 

For  met  Hunt  to  large 
builiiirtgrf.  Efficient 
and  economical  I{itt» 
Steiuii  iK}()  to 
w|  ft,  Witter  - 
llflO  to  7*WI  »ri  ft, 
iimtaltmt  rutliatton. 
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American  Radiator  & 
Standard  Sanitary  Corp. 


Heating  Systems 


Oil  Burners, 
>  Water  Heaters, 
Accessories 


urnaces,  or  Win!  CM*  Air  Conditioners.  .  .  in  any 


SUNRAD 
RADIATOR 

li(U'(\ssed         o 


AMERICAN-STANDARD  CAN 

Whether  you  need  Boilers,  Warm  Air  , ;.     _ ,. ^ 

t.ypo  or  size.  .  .for  coal  (hand-fired  or  stoker),  oil,  or  ga-s.  .  .or  \\  hether  you  IUMM!  Rad- 
iators, Convoetors,  Oil  Burners,  Domestic  Water  Heaters,  or  Accessories-— Amorican- 
Sfandard  has  them.  And  they're  all  products  of  the  sumo  hi^li  quality  that,  has  made 
American-Standard  Heating  and  Plumbing  Products  World  Famous.' 
ARCOFLAME  OIL 

BURNER 

Listed  by  t'tt(lenr-rif~ 
<vV  Lnhorulorien.  Com- 
plies with  Commercial 
Standard  CS<75,  Spe- 
cial flange  typos  for  oil 
heatingunits.  Pedestal 
types  for  conversion. 
V.v  if  i>  l(t  7  gal  per  hr. 

ARCO 

CONVECTORS  AND 
ENCLOSURES 

Wit  h  cast  iron  or  nun  - 
ferrous  heating  ele- 
ments. Kne  IOHU  re 

^  styles  and   sizes    for 

every^  need.  Special  designs  for  hospi- 
tain,  institutions,  etc,  Non-ferrous  typo 
(shown)  available,  in  (13  ])acka^od  stock 


Thr 


ARCO  TUBE  RADIATORS 
8Hm,  modern  radiators  that 

occupy  IOHH  Hpace  and  give 
moro  fieat.  Available  in  four 

widths    3,4,5  and  (>  tub(iH-« 

i  und  four  htkigfifH--  19,  22,  25 
nnd  Win. 


BASEBOARD 
RADIANT  PANELS 

Itepbiee  ordinary  buseboardn/fwo  types; 
for  radiant  und*  radiant  eonveetcd  heat. 
Sheet  nif'tul  **>"* 


U!HO    avail 
able  for  com 
lete,   inntal- 


C 


Xeeds  no  enelo- 
,sun».  Two  ,sizc«: 
5  in.  (loop  x  20 
in,  high  and  7J 
in,  x  23  in.  Inlet 
grille  if  desired. 


"DETROIT"  CERTIFIED  HEATING 
CONTROLS  AND  ACCESSORIES 

A  complete  lino  of  Heating  Controls  and 
AeecsHorieH  for  all  typos  of  systems. 


No.  SOI 

Hurt  vent 

Vent 

Valve 

(for 

mains). 


No.  300 
Multiport 
Adjust  ul>lo 
Air  Valve, 


No.  1HH) 
FacklesH 
Radiator 
Valve 


No,  5000  Van 
port,  Airid  Ad- 
juntubh 

Air 
Valvr 


TIU*  *4/f(r* 

BUDGET  GAS  FIRED 

WATER  HEATER 
Approved  by  A(fA*   I  Tout  H 
wutrr  uutiJiimticnlly*  Hloriw 

it  for    liiHtitiit    u«e.    White 
etiftntHoid  juckc*t,blnc.k  irim. 

-  -      Thrifty     nnd     depitiidublo. 

Three  Kiascm-  -2U,  IW)  (sbown)  and  40  gal. 
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No .  500 

Airid 

Air 

Valve, 


No.  115  Radi- 
ator Valve, 
Comnlott*  line 
of  o,Ii>owH  and 
fiUingH  for  ull 
typeH  of  hot 
water  HVH- 


No,  lll""C*H  Low  VJiliage,  clone  differen- 
tial room  thorntontat  with  compensator. 
No.  4f>(>  HA- 1  \t\i\\\  voltage  proswjro  typo 
limit  or  operating  control  for  oil ( burn- 
I*I'K,  gun  btirnorn  or  Htokoiv,  Vio\v  window. 
Out  Hide  Horow  driver  a.djuHttiteiiiH, 
No.  lUKi  Low  voituRO  control  u«»t!  in  do- 
mt'Htic  HUinmor  un<l  winter  hot  wafer  «y«- 
ti»mn,  on  oil  burning,  ntokor  or^tn  buni- 
inn  i'jnjiipnteri^, 

tngc  uw».   I/iqiiid  cluirKed   liollovs'n   tiltn 
Mi»r<(oiti  tnbi*  to  open  and  clono  circuit. 
No,   (*A-Klf>   Comiunntion    Blouor   nnd 

Limit  Control, 

No,  1250  S«»i"i«'H  (lencral  PurpoHrCotitrolK. 


American  Radiator  & 
Standard  Sanitary  Corp. 


Heating  Systems 


,  Winter  Air 
Conditioners 


WYANDOTTE 

Steel  gas  fired  winter 
air  conditioner  for  small 
homes  with  or  without 
basements,  factory  as- 
sembled, pre  -  wired, 
cleanable  heating  ele- 
ment. Four  sizes,  with 
AGA  input  ratings  from 
55,000  to  105,000  Btu. 
Bide  or  bottom  return 
air  inlet. 


CHIPPEWA 

Cast  iron  gas  fired 
winter  air  conditioner 
for  small  homes  —can 
be  installed  in  utility 
rooms  or  closets. 
Factory  assembled 
and  pre-wircul;  side 
or  bottom  return  air 
inlet.  One  sixe,  60,000 
Btu  per  hour  AGA 
input. 


WINTERGLO 

New  vertical  stool  oil 
fired  winter  air  condi- 
tioner for  small  homos 
and  individual  apart- 
ments. Factory  asHem- 
bled  and  pro  wired; 
two  sizes,  85,000  and 
105,000  Btu  output  at 
bonnet.  Hide  or  bot- 
tom return  air  inlet, 
Underwriter  approved 
with  Acroflame  Burner 
for  less  than  standard 
clearances. 


WESTMORELAND 

Steel  winter  air  conditioner,  expertly 
engineered  for  automatic  oil  fired  heat- 
ing, with  or  without  Areoflame  Oil 
Burner.  Five  sizes,  from  lf>0,(XK)  to 
830,000  Btu  capacity  at  register* 


SENECA 

Low  cost  steel  gas 
fired  basement  winter 
air  conditioner  for 
small  and  medium  si^e 
homes.  Oleaiuible 
heating  element.  Four 
sizes  with  A(fA  inputs 
150,000  Btu. 


MOHAWK 

Cast  iron  gas  fired 
winter  air  condi- 
tioner offering  a,ll 
the  advantages  of 
completely  auto 
ma-tic  gas  heating. 
Durable  cast,  iron 
heating  element, 
dependable  auto- 
matic controls,  efficient  burner.  Nine 
Hisses  with  AGA  input  ratings  of  00,000 
toHOf),(K)()  Btu, 


SARATOGA 

Lou -cost  stool  oil 
fired  wint  or  aireon 
ditioner  for  small 
to  medium  si/.od 
homes.  Offers  auto- 
matic winter  air 
conditioning  with 
the  Areoflame  or 
other  suitable 
burner*  (Japacitv: 
100,000  to  120,000 
Btu  at  register. 


ALLERTON  AND  CLIFF0ALE 


nteel 
fuel«. 
20 


Attractive,      moilenit<'!y»|*rire,<l 
winter   air   conditioners   for    all 

The  Aiktrton  is  made  in  four 

to  27  in.  Hhi»H  diameter**,  front  tfO,t(X) 

to    1  27,  MO    Btu    capacity    at    register; 
the  C'liflMale  in  30  und  fi4  in.  nhell  di» 

ainete/w  with  JB2,aKl  and    177,00ft   Btu 
capacity  at  regwter, 
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American  Radiator  & 
Standard  Sanitary  Corp. 


Heating  Systems 


(  Warm  Air  Furnaces 
and  Humidifiers 


SHAWNEE 

Compact,  attrae- 
I  ive  stool  gas  fired 
gravity  Furnace  for 
economical  boat- 
ing, ('loanable 
healing  element. 
Ma<!o  in  five  sizes, 
\vitb  .\(j.\  inputs 
of  l>5,0()0  lo  140,000 
Btu. 


BLOWER-FILTER 

UNIT 

Fur  eonve-rtirujj  exist 

ing   gravity    instaltn 

tiotw  to  forced  air, 
f'lberghiH  filfot'H  re 
in«*v*»  dtiHt ,  dirt  and 
pollen.  C|iuH  t  depend 
able,  rubber  mounted 
motor,  ituilt  "HI  over 
load  protection,  Six 
K'IXPH,  i'rnin  *J  I**  21  in. 


ARLINGTON 
SQUARE 

Stool  warm  air 
furnace;  with  the 
quality  const  ruc- 
tion features  of 
the  popular  round 
Arlington,  Deluxe 
square  jacket. 
Burns  eoal  (hand 
fired  or  stoker!  or 

oil  also  readily  adaptable  to  gas.  Four 
HI/OH,  from  liO  lo  27  in.  shell  diameters 
with  iJ7,HOO  to  100,MH)  Btu  capacity  at 
retfiwter. 


KENWOOD 
C'ast  iron  \vnnn  air 
furnaee,  in  pipe  and 
pipoleHH  models,  for 
hand  firod  coal,  Iloat  • 
ing  element  of  durable 
rani  iron.  Dependable 
itnd  eron«»iuiejtl.  Kivo 
Ht/,*'N,  from  IK  lo  26 
in.  fire  pot  diafnetern 
5a,(XK)  to  OiiJKJO  Btu 
rapaelty  at  rt»gi«ter. 


I 


Mad< 


_ 

sizes  lo 


FLOOR  FURNACE 

Quality  stool  floor  fur- 
naee, provides  com- 
fort a  bio  warmth  in 
homos  with  or  with- 
out basements.  Kasy 
to  install.  Available 
for  all  types  of  gases. 
suit  average  homes. 

ARLINGTON 

Modern  stool  furnace, 
in  pipe  and  pipoloss 
models,  for  coal  (hand 
fired  or  stoker)  or 
oil.  Readily  adaptable 
to  gas.  Heavy  stool 
boat  ing  element  .  Four 
sizes,  from  20  to  27  in. 
shell  diameters,  <>7,S(H) 
to  1(10,800  Btu  capac 
ity  at  register. 

CLIFTON 

Quality  steel  ^  furnace 
for     larger     installa 
tiorm.  Burns  all  fuels. 
Readily  adaptable  to 
gas.     Two    HixeH,    HO 
and   !M    in.   shell    di 
junctors,    12S/200   and 
l:«),tt<X)   Btu   capacity 
at  register. 

Automatic 

Spray  Combi- 
nation Type 
Humidifier 

For         plenum 

chamber  of  Sun 

beam     Winter 

At  r        Condi 

Honors    (except 

Seneca          and 

Wy  a  ndot  t  e  I  . 

Room      humid- 

itilat  coot  rol,  Operates  by  forcing  water 

ngaiiwi  atomi/Jn^  piat(^  making  finowpray 

which    IH   abHorlxu!    by    the* 

warm  air. 

Automatic 
Float  Combina- 
tion Type   Hu* 
midifier 

Comet*        coin- 
nleto  for  inntai 
lation     in     the 

iilertmu     ehain- 
ier  of"  Sunbeam 
Winter  Air  Con 
dittofiere,  A  Heri**M  of  " 
Hetifiu  pun  provides  the 
face,  KvHporntoi'  pan  an 


jipor 
liite 


atinui  #*iir 
h*dd«T  ure 
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Heating  Systems  •  Boilers,  Gas  and  Oil 


Bryan  Steam  Corporation 

Chili  Pike,  Peru,  Indiana 

Manufacturers  of 

HOT  WATER  AND  STEAM  BOILERS  DESIGNED  EXCLUSIVELY 
FOR  OIL  OR  GAS  FIRING 


PRODUCTS—  Domestic  Hot  Water  or  Vapor  Steam  Boilers. 

Commercial  Low  Pressure  Heating  Boilers  for  Hot  Water  or  Steam 
Non-explosive  High  Pressure  Boilers  up  to  50  H,  P. 

A  Bryan  Copper  Tube  Boiler  never  ex- 
plodes. The  worst,  that  can  happen,  is  a 
split  tube  which  may  be  replaced  in  a  few 
minutes  time  by  an  inexperieneed  pernon. 

DOMESTIC  BOILERS 


Bryan  Copper  Tube  Boilers  are  engi- 
neered expressly  for  oil  or  gan  firing, 
where  the  flame  is  either  on  at  full  inten- 
sity or  entirely  off,  Such  combuntion 
characteristics  call  For  a  boiler  that  IB 
able  to  capture  heat  units  with  utmost 
rapidity— and  able  to  withstand  sudden 
expansion  and  contraction.  Average 
stack  temperature  of  the  Bryan  is  412 
degrees. 

BRYAN  COPPER 
TUBES 

The  Bryan  starts  with 
copper  tubes.  Copper 
has  a  coefficient  of 
heat  transfer  approx- 
imately 0  times  that  of 
iron  or  steel.  Heat 
applied  to  the  outside 
of  a  Bryan  tube  is  therefore  transferred 
to  the  water  inside  6  times  as  fast. 

The  design  of  the  Bryan  tube  is  such  that 
water  circulates  rapidly  through  all  parts 
of  the  boiler ,  There  is  u  veritable  nest  of 
tubes  directly  over  the  flame  where  heat 
is  most  intense.  These  tubes  break  up 
the  path  of  heat  travel,  reducing  "sur- 
face film"  to  a  minimum. 


»4, 


J! 


Tin*,  Bryan  Domestic 
Boiler  is  available  in  7  sizes 
for  hot  water  radiation. 
70,OlX)!Mu\stof)iOt(HH)  Bin's, 
For  steam  radiation  5  sixes 
are^  available,  ^  375  to  1500 
s<j  ft.  of  radiation, 

All  models  come  complete 
with  built-in  combustion  chamber  and 
flange  mounted  oil  burners.  In  ga»s  fired 
models  the  burner  is  built  in, 


COMMERCIAL 
HEATING  BOILERS 

Any  of  the  domestic  Bry- 
ans  may  be  used  for  small 
offices  "or  buildings;  but 

they  are  supplemented 
with  three,  additional 

larger   capacity    boilers, 

Those  boilers  are  rated  2250  to  440)  «q  ft  of 

steam  radiation  or  3fKX)  to  7050  sq  ft  of 
hot  water  radiation.  They  an*  uwwt  also 
for  Hupptying  hot  water  or  low 

steam  in  industrial  applications, 


HIGH  PRESSURE 
BOILERS 

Bryan  High  Pressure  Boilers 
are  mado  in  5-10-20  -35  and 
50  hp  ratings*  Kvory  one 
carries  the  A*/O/*/^»  Htaiftp. 
They  arc  made  for  high 
efficiency  on  long,  hard 


pulls  but  are  exceptionally  useful  in  oper- 
ations requiring  fast,  sfcfo  fttoani  on  short 
notice.  Hospitals,  dry  cleaning  plants, 
laundries,  milk  plants,  tire  repair  nhofB 
and  many  others  find  them  ideal  f  or  their 
operations. 
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Heating  Systems 


<purni\titri<  ^tporatten, 

BOILERS    and    RADIATORS 

Irvington-on-Hudson,  N.  Y. 
There's  a  Burnhamfor  Every  Purpose — Catalog  No.  81  Sent  on  Request 


Burnham  Radiant  Ra- 
diator—Two heights. 
20  and  23  in. 


Ho.  1»  2,  3,  and  36  In* 
Series-  All  Fuel,  230 

to  4t*20  «q  ft  Sfwtm 
and  :i7fl  to  7KHO  for 
Water, 


BASE-RAY 
Radiant  Heating 


HY-PQWER       Model       BASE-RAY- 

Ratings— 2.08  sq  ft  per  lineal  foot.  Tap- 
pin^s— i?i  in*  at  bottom  only  of  both  end 
ttoctioiiK.  Sections  are  7  in.  high,  2  in. 
thick  and  in  12  and  21  in.  length. 
MHO  availahlo  in  HTANDAHJ) 
MODEL  1.25 H<I  ftpcrliuoal  foot. 


Burnham  Slen- 
derixed  Radla* 
tors  inado  in 
throw  to  six 
tubes  in  all 
heights  front  19 
in.  to  33  in. 


PACEMAKER  Boiler 
nK2tM 
ieaiu 
ft  f<ir 


YELLO- JACKET  Boiler 
(with  e%t<»nd<*d  Jarket)— 
All  Fuel  Convertible.  305 
to  0&r>  «q  ft  for  Hteain  and 
490  to  M05  H<J  ft  for  Water, 


Welded  Steel  Bolter'  -CapadtM«  froni 
2SIK)  to  ;ii1ffJf)0  Hq  ft  for  Hteaiii  ami  48UO 
to  5l»»iMM)  DC)  ft  for  Water.  Kwrnwhod  for 
c<ml,  oil  ur  «tok<jr  firing, 


50  In*  Twin-Sectlon-  -4500  to  I  l,fiOO  8<t  ft 
for  Htmm  and  72(111  to  2»;«K)  H<|  ft-  for 
Watnr. 
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®  Boilers,  Radiators,  Furnaces, 
«  Heating  Accessories,  Stokers 


Crane  Co. 

BOILERS,  RADIATORS,  FURNACES,  VALVES,  FITTINGS,  PIPE,  WATER 
AND  STEAM  SPECIALTIES,  CONTROLS  AND  PLUMBING  MATERIALS 

General  Offices:  836  South  Michigan  Avenue,  Chicago  5,  Illinois 
Nation-Wide  Service  Through  Branches,  Wholesalers,  Plumbing  and  Heating  Contractors 


CRANE  OFFERS  EVERYTHING  IN  HOME  HEATING 


There's  a  Crane  Boiler  to  fit  any  home 
— regardless  of  its  size— whether  coal, 
coke,  oil  or  gas  is  the  preferred  fuel  or 
whether  the  owner  wants  steam  or  hot 
water  heating.  These  boilers  are  styled 
for  beauty,  dependability  and  simplicity, 
and  they  incorporate  many  new  engineer- 
ing features  that  assure  greater  fuel 
economy  and  operating  efficiency. 

Crane  also  builds  boilers  for  many 
types  of  non-residential  buildings.  In 
addition,  the  Crane  line  includes  every- 
thing else  needed  for  heating  systems- 
furnaces,  stokers,  oil  burners,  radiant 
baseboard  panels,  radiators,  eon  vectors, 
controls,  water  and  steam  Kpeeiakies, 
pipe,  valves  and  fittings, 


CONTROLS 

The  complete  line  of 
controls  includes  thermo- 
stats, stack  switches, 
limit  switches,  aquas  tats, 
damper  controls— every- 
thing necessary  for  a 
heating  system. 


For  full  information  on  (Vane.  Boilers 
and  other  heating  equipment,  consult 
your  Crane  Branch  or  Crane  Wholesaler, 


r/M A7F  FORTY 


CItANE  MA' 3-™.. 

/,  OH  h  /if-  It  ( 'ItX&tt  VA'IT 


•?v     y 

ti'!'^ 


CRANE  TWENTY 
BOILER 


CJtANR  F0URT8KN  HulLElt 
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Crane  Co. 


Heating  Systems 


Boilers,  Radiators,  Furnaces, 
Heating  Accessories,  Stokers 


CRANE  RADIANT  BASEBOARD  HEATING 

^toam  or  hot  water  is 
circulated  through  the 
baseboard  panel-  no 
nuliaiors  or  grilles  are 
necessary.  Will  give, 
many  advantages: 
more  room  space; 
more  uniform  distri- 
bution of  heat ,;  easier 
(•loaning.  Hocom- 
m<knd  it  to  customers 
who  are  planning  new 
homes  or  remodeling. 
Type*  RC,  illustrated, 
provides  radiant  and 


CRANE  RADIATORS 


converted  heal. 
H.    solid    front, 
vides     radiant 
only.    Type  HC 
in.   high    Typo 
made  in   (\  and 
heights. 


Typ 
pro- 

heat 
is  V' 

U    is 


COMPAC    RADIATORS;    Hlender    in  Built  in  nixes  tomtit  every  need    iiuVi, 

line,    modern  in  design    give  more  heat  5  and  0-tube  types  of  f»  to  56  sect  ions. 

w'~u«e  less  Mj»n<*e,     For  frec-Htandhig  or  Hi*placc  ordinary  radiators  with  little  or 

1  iisHtalintioii,  steam  or  hot  water,  no  change  in  piping. 


STOKERS 

Nft»wly  dwigiiitd  nnd  <»ngi- 
iu«*ri»d,  Aware  uniform 
htttttiufc  with  liilniiniiiii 
fuel  cfoiiKtiitiptirjii  and 
minimuta  attention. 
Wide  range  of  HI»C*H, 


WATER  SPECIALTIES 


OIL  BURNERS 


Hot    water   Hpecittlties    are      Ninvly  engineered,  <>rano 


jtiadi*  to  Kuit  every 

lation,     They 

watc*r    heatera,    ciroulatorK 

and  flow  control  valven  *  all 
top-quality  equipment, 


oil  tmnterH  provide 

ing  comfort  ftt  low  fuel 


and 


e  Baseboard  Radiation 
*  Boiler  Burner  Units 


General  Automatic  Products  Corporation 

(Fornieiilf.  (rencral  Oil  Burner  (W/M 

2300  Sinclair  Lane    Baltimore  13,  Md. 

Manufacturers  of  Gas  &  Oil  Heating  Equipment 

FLOORLEVEL  BASEBOARD  RADIATION 


BOILER  BURNERS  "J"  Series 

A  compact  unit.  especially  deHigned  for 
FLOOR  LKYKL  niHtullntionH  from 450  to 
050  «;}  ft  of  hot  waiter  radiation.  It  re- 
quires only -1  sq  ft  of  floor  Hpucc.  A  com- 
plete unit  contain* 
ing  tnnkloHH  do- 
mestic hot  water, 
built  in  combus- 
tion chamber  ami 
oil  burner* 

T-Serles 


of 


HCJ 

radiation)  nil  H 
wat.cr  iubo  boiler. 
Stalled  combiwtion 
t'hambor,  Com- 
ph»t«  with  (J.A.F. 
Burner  and  con- 
trolH.  KK  gal  tank 
coil  or  UmklcBH  wa- 
ter h(*;itcr  built  uu 

1 


FLOORLEVEL  BASEBOARD 
HOT  WATER  HEATING 

A  complcto  hoi  water  lic.'itin^  system  to 
fit  all  types  of  homes.  Kasy  to  stor(», 
hauillo  and  install. 

Radiation  is  coneenled  in  the  attractive 
( General  Automatic  Kloorlevel  m<Mal 
baseboard  which  noplaces  tin*  normal 
wooden  baseboard.  All  radiators  are 
eliminated  providing  more  room  space 
and  the  rooms  are  heate.l  uniformly, 
Ceiling  and  floor  temperatures  seldom 
varv  more  than  5  P. 


A  COMPLETE  PACKAGE 
Packed  in  #  cartoiw  ,  ,  ,  each  package 
consiHtH  of  r»n<ni|j;h  material  to  do  tint 
average  itiHtallution  for  the  amount  of 
square  footage  required,  The  pnekHRcH 
art?  HO  nm<nl  in  (J  MHsoriinentK  1o  fit  nny 
Hissii  irjHtnllation.  Cnrloii  Xo»  I  ccmtaiiiH 
the  lin  type  copper  heating  elemetit, 
carton  No.  "2  rontuttm  the  front  paneling 
and  top  moulding  and  curtoit  No,  »l 
contains  the  pane*!  and  moulding  HpliccH, 
wall  brackets,  end  fenmnulH,  miter  cor- 
nwH,  elcincrtt-  orificen  un<(  wood  corner 


CONVERSION  BURNERS 

BurnerH  for  nil  BUC  iimtnlliitionH  front  I 

to  2(1  gal  capacity, 

WARM  AIR  CONDITIONERS 
Highbov    nnd    Lowbov    Modeln.    N5,<KX) 
to    20()5'(MK>    lltu    Cap",    Ct»nipl*tic    with 
burner  and  controls. 
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Hook  &  Ackerman,  Inc. 


PITTSBURGH  4,  PA. 


NEW  YORK  17,  N.  Y. 


HYDROTHERM 

The  Midget  Automatic  Gas  Heating  Plant 
For  residential,  commercial  and  industrial  hot  water  systems. 


MO  MM*  WWft  wfn  Jitrkrt 

W  K<J  /(  Inmtnllttl  jfadiittiittn 

.175 Ik,  IH  in,  x  ?7  in,  x'tlttn, 


HYDROTHERM  Is  engi- 
neered fur  maximum  life  and 
maximum  furl  economy  and 
fully  A(tA  approved  for  une 
on  Manufactured,  Natural 
and  LI*  gunes.  OutHtand- 
ing  for: 
Radiant  heating  systems 

« 
Convcctor  heating  systems 

* 
Gravity  hot  water  systems 

* 

Volume  hot  water  heating 
* 

Booster  service  for  ISO  deg 
sterilizing  water 


MOltKL  2//H*.7 
M  *q  ft  Inatallrd  Jttutiatinn 
tba,  Liin>ji  K  in  x  $tt  in 


CONSTRUCTION;  All  nwt  iron,  tin*  HYDKOTliKKM  absorption  unit  han  hori- 
zotttal  K<*ction«y  dt1**!*  ribbed,  *»v(*rlnj»p<«l  ami  connecittd  in  zig-zag.  Thin  fully 
patHitHl  di*Hi^n  w  to  giv<4  inusiinum  ht*at  traiwfor  Hurfaeu  for  a  miuiumm  water  vol- 

uni«  n^ultiitg  in  fj;rcat  i*l!iri*'iiry  and  (uiick  pick  up.  Absorption  unit  IA  furnl«lukd 
romplt!tt»ly  aHHomblrtl  and  factory  t<*Ht<»<i  at  250  II*  hydrtwtatit?  proHHiiro.  All  wwt  rol« 
incliKling  automatic  gas  control  vulv«s  Hunti  wufety  pilott  prt*H«uro  n^gutator,  iiqua- 

ntat  ami  tridiwitor  itn*  riirhwtn!  in  DC*  Luxe  jacket  of  Hammeroid  fhunh, 


CAPACITY  RANGE  Of  HYDROTHERM8 
\\ill 


u»put    "PW  uSt^t 

i  .„     t  >*,          ~M    *    r  14  .1*..., 


Htii  Ifr  Bin,  fir 

j     2      Utt    2        IfMMi  IWJlW  24(i 

*      2      HW    ft  '      ?2JW  f»7,W««  IIH4 

2      II H    fl      HKMKKI  MIIJHMI  MO 


-  «        II  V\  i»  JIHl.fJ 

"I  2'j  HH  II  .    IJUUi 

,5  «'/  U\V  4  Ml tl\ 

%  2»t.  H^  ft  &WU: 

d'-  2'^  HW  ti  ;!«»,<: 

J-"  8«rf  II W  7  m',<; 

"3  2»,T  flW  H  4f»,l 

3'  2(,»  HW  f*  MM. 

Qi  2»,  I1W  !«  .VJOJ, 


2-l«i,WMI        !*!flf> 


W  n*i'. 

I7ii   I1' 

JHfJ 


HWI 
I«J(K» 
I20M 

Him 

IWfKl 

I  HWf 
2WKI 


'itjiiwily  f*»r  Hoi  WnfiT  HtoruwTnui 

<*tillortt  jwtr  Hiiitrfor  'lVM»in*rnt«ir*« 

Hiw»Hfi«mn 

i*         H«r        MI'        i«wi        i: 


JIM 
Ifffl 
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tfljj 

;u7 


M 

H5 

I7K 
JWH 


474  ;|  Wi 

5fi4  41*5 

«:i:i  475 

7W  JW5 
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Jill! 


»Shi|t 


IfS*/ 


UK  <;w 

iflH  7r»  t 

um  HW 

2I*H  (2WI 

27»l  Kiflfl 
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Heating  Systems  *  Radiators, 

Convectors 


THE  COMPANY 


MODERN  DESIGN 
Johnstown 


HEATING  EQUIPMENT 
Pennsylvania 


Branch  Offices 

HALTIMOBB     2100  St.  Pnul  Street        PHILADELPHIA.. 

BOSTON    .    .  020  Nowbury  Street       PITTHHUIUJII   ... 

CHICAGO    400  West  M ml inon  Street        RICHMOND  ,.,. 

NKW  YORK (50  Ka«t  42nd  Street       WAMIIINUTON 


401  North  Hroml  Street 

125    Firat   Avenue 

MS  Wtst  Cury  Street 
4034  (Uiorgia  Avenue,  N.W. 

NATIONAL  HEAT  EXTRACTOR  CAST  IROJ/BOILERSr  The 

distinguished  family  of  National  Heat  Extractors  \va«  desigwnl 
1  o  fit  the  requirements  of  automatic  heating.  National  Heat  Ex- 
tractors arc  provided  with  many  features  to  insure  high  oper- 
ating efficiency  and  maximum  *  fuel  economy.  Theso  include 
extended  heating  surface,  multiple-Hue  section  construction,  effec- 
tively insulated  jacket  and  doors,  and  heat  eonserver  baffles.  Con- 
vertible from  baud  to  automatic  firing  after  inHtallation  and  readily 
adaptable  to  any  desired  fuel  or  method  of  firing.  Wide  range  of 
both  storage  and  tanklesa  domestic  water  heaters  available. 
NATIONAL  OIL  HEATING  UNITS,  east  iron  or  steel,  provide 
complete  "one  package"  equipment,  designed  for  maximum  effi- 
ciency and  top  performance  with  this  fuel.  Complete  automatic 
controls,  prefabricated  combustion  chamber  of  proper  proportions, 
quiet  burner  for  rear  firing  and  attractive  all-enclosing  jacket. 
NATIONAL  GAS  BOILERS  arc*  modern,  compact  and  designed 
exclusively  for  gas  firing.  Cast  iron  sections  for  long  life  and 
dependability.  Tapered  flues,  long  zigzag  lire*  travel  and  heavy 
insulation  insure  efficiency  and  economy. 


HEAT  EXTRACTOR  BOILERS 

""""'* Net  I-B-K  Rating*,  S<j  Ft 


Boiler  Series 


100 

200 
300 
400 
500 


Oil  Heating  Unit 

OIL  HEATING  UNITS 

Net  Ratings.  Sq  Ft 
Type  of  Unit 


Steam 

170  to     410 

350  to     880 

7(10  to   2300 

2600  to   8000 

4000  to  IG300 


Water 

270  to  (WO 

500  to  1410 

1120  to  3«Ht) 

4(KX)  to  WrtOO 

WOO  t 


GAS  BOILERS 


tt*ii*r 


Caat 


100 

Iron  ..........  . 

200  Series  Cast 

Iron  .........  ,  ,,. 

Residential  Steel., 


Steam 


230  to  410 

400  to  880 
275  to  700 


Water 
370  to   000 


640  to  1410 
440  to  1120 


Boiler  Series 


20  and  22 


jN«t  RattnjfN,  Sq  Ft  A.C^A,  Approved 


30  and  83 
40  nmt  44 


109  to   3»K) 

#63  tq    W 

445  t«  1920 


Water 

174  to   024 

W  to  1570 
711  to  0070 
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The  National  Radiator  Company 
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Con  vectors 


NATIONAL  STEEL  BOILERS  meet  all  the  requirements  of  the 
M>/  lasting  and  Hating  Code  and  the  AtfMN  Boiler  Construe- 
(ion  (  ode.  ^AII  are  inspected  and  approved  by  a,  representative 
ot  the  Ifurtjara  hlunn  Holler  Inspection  ami  Insurance  (1omi>anu 
The  IS  in.  and  M  in.  Series  KKSIDMNTIAL  STKIOL  rJOILKRfri 


i  for  oil  or  gas  I  are  designed  for  smaller  homos.    The  2(>  in  '  l><) 
in.   and  W  in.Series  UKSIDKXTIAL KTKKL  UOILKRS  for  Hand 
and  Automatic  Firing 
are  designed  for  largo      : 
homos,      apart  monts, 
ami  some  eommereial 


RESIDENTIAL  STEEL  BOILERS 


itisf  allations.    Can  he 


SBI  Net  RatinKR,  Sq  Ft 
Steam 


or  with  modernly 
styled  heavily  insu 
fated  jacket . 


18*  urn!  23"    275  to    700 

2fl* ,  2ir ,  and  39* ...  1     7<X)  to  3(XH) 


440  to  II 20 
1120  to4R(>0 


XATIOXAbCOMMKRCIALSTKKL  M()ILKUS  are  <{esignod 
lo  supply  the  heating  needs  of  larger  buildings.  Their  firebox 
proportions  conform  with  the  recommendations  of  the  *SY<»/v/* 
Mti'iufitHnrtw'  AxxociaUon.  Hand  fired  boilers  may  be  con 
verted  to  stoker,  oil,  or  gas  firing  at  any  time  after  installa- 
tion, 


ft!"  V  ;<u*  Strtt 

itttiitt 


COMMERCIAL  STEEL  BOILERS 

NHl  Set  ltatinK%  ^t  Kt 
JtntlcrTypr 

Stnim  Water 


3(«Kt  to  H5(KK>        4WK)  to  5WHK) 
II ?0       4iMH)  tt»  4Hi»?0 


Hutu!  ihiMl 


^f^ 


National  Art  Baseboard  He 
p!a<MM  eustumary  \vooih*n  base 
hoard,  Two  typert  nvailable* 
HK  ifliinh  fu  \vnlli  and  lift  ire- 
«'4»NS<»<1  under  planter  I,  Hoatitig 
element  eoiiMintH  irf  a  helical 
enpper  fin  bonded  to  H  eopper 
lube,  (h^i^nod  for  UNO  with 
I'«HT«M!  rtr<'ul;Uion  Itot  v\a<or 


National  Art  Convector     \  non  ierroiw  convenor,  for 
flush  atifHcnii   or  full  n«t»<'^c«l  iiiHiallation.    Aluminum 

linn   bomteil    to   copper   tutting  comprise    the    heating 

ar<*  made  in  a  variety 
of  t  s  pen  for  residcn 
t inl  or  commercial  ifi 
staliation, 

National  Aero  Cpnvcctor 
Heating  clenicnt  is  made  of 
cant  iron  wit  It  (HIM  niH  in 
Icgral    with    tuli(*s,    Adapt 
able  to  any  l>pe  of  heating 
M \hliMti.    Several    type.s    nre 
itvniiabio  for  residenfiu}  *»i 
roiuiiicrcial  inntailat ion, 

NATIONAL  ART  RADIATORS  BNid  \wni\^u<mm\\  nith 
inpKl  df*«*(H'at  iv*§  .sciioinoK,  Compart  proportions  rcijinrc 
uunjiiitmt  floor  Hpaci*.  A  wide  variety  of  i-ii/.eH  Jiud  rating}*  can 


"\#» 

"jMy 


i     <V, 
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Frank  Prox  Company,  Inc. 


Office  and  plant 
1201  So.  First  St. 
Terre  Haute,  Ind. 


PROX  Boilers 

For  Lar^e  Installations  in 
Schools,  Theatres,  Apart- 
ments, Churches,  Hospitals, 
Hotels,  10  to.  Write  for  com- 
plele  catalog. 


/Phe  BBGO  super  extra  heavy  duly  boilers  :ire  exceptionally  \vell  adapted  to  largo 
single  and  battery  inwhillntionH,  wllere  water  line  is  not,  a  factor.  A  sixty  seven  1157) 
inch  minimum  and  seventy  two  (72)  inch  maximum  water  line,  with  thirty  eight 
(38)  inch  high  combustion  chamber,  makes  thin  series  well  adapted  to  hand  tiring  or 
use  with  a  mechanical  Firing  do  vino,  such  as  a  stoker,  oil  burner  or  conversion  gas 
burner  with  the  minimum  amount  of  pitting. 

6  POINTS  PARAMOUNT  IN  CHOOSING  BOILERS 


1.  CONTINUOUS  SERVICE  -Any  heat 
ing  plant  will  break  if  carelessly  oper- 
ated.   Broken  sections   in    Prox  "Boilers 
can  be  plugged  off  and  lieat  maintainod. 

2.  FUEL  ECONOMY    Short,  \vide  fire 
box  design,  full   throe  layer  lire  travel, 
low    stack    temporal uro,    self    cleaning 
flues,  conservative  raUngs, 

3.  LONG     SERVICE,     SAFETY    Prox 
cast,  sectional    Boilers   represent   ma-xi  • 
mum  permanence  as  compared  to  Hi  col 
construction, 


4.  QUICK,        DRY    STEAMING     Low 
water  line,  small  waterways,  quick  cir- 
culation,  dry  steam  assured  by  .steam 
separating  header  nver  Prox  Boilers, 

5,  REPAIR    ECONOMY     Remove    any 
section  like  tilting  honk  front  bookcase, 
eliminating  tearing  down  and  destroying 
expensive  covering, 

0,  INSTALLATION  ECONOMY  Take 
How  direct  from  large  si  earn  .separating 
header,  saving  e^tra  e«»M  ot*  additional 
header  construct  ion 


HTKAM  WATKK  LINK 


\  jgjj;  «  |»;  J 


STKAM  AND  WATKH 


\\ATKIt 


Boilw 
Nuiuhw 
BK-flO 

Boiler 

Number 
BB  f!0 

si/wn    ^ 
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HJ"M 
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The  H*  B*  Smith  Company,  Inc. 

Westfield,  Mass. 

Branch  offices  and  Sales  Representatives  in  Principal  Cities 


A  complete  line  of  modern  cast  iron  sectional  boilers  for  residential, 
commercial  and  industrial  heating  and  for  domestic  hot  water  supply 


15-20-25  SMITH-MILLS  BOILERS 

(•apaeitieH  200  sq  ft  to  2275  «q  ft  steam  radia- 
tion, Thin  complete  lino  of  modern  push 
nipple  hoilern  in  available  in  models  for  oil,  gaa, 
ntoker  and  hand  firing,  Provisions  have  been 
made  for  built-in  dmnentie  hot  water  heaters 
and  controls 


MILLS  WATER  TUBE  BOILERS 

Series  24-34-44 

!HK)  HCI  ft  to  i;i,3KO  wj  ft  of  HI  cum 
radiation,  Independent  header  type  construe* 
tion  lenn  of  fhouHundn  of  thene  famous  Mills 
BoHer.s  are  inntalled  in  nehoolH,  hoHpitata, apart- 
ment. hourieH,  stores,  and  other  commercial  and 
public  buildings.  Models  for  hand  and  nil 
types  of"  automatic*  firing. 


42  AND  60  SMITH  BOILERS 

MJIV  be  used  in  batteri*»,s  for  healing  loads  up  to 
nn<!  over  HK),(KK}  Hq  ft  Kteam  radiation,  Many 
of  these  lar^cnntitH  installed  In  induntrhit  plants 
furnish  steam  for  process  re(iuirem<»ntK  an  w<*li 
an  for  heating  and  domestic  hot  water. 


SMITH  HY*TEST  BOILERS 

Smith  Ily-lVnt  Boilers  fnr  hot  water  supply,  are 
available  in  several  models  and  tunny  H»/,«'«  for 
tank  nijmciti«*.s  to  20»tKK)  gal,  ^*<WHtruft(«l  of 
the  firK'Kt  quality  j^rey  iron  ciiHtin^H,  thew* 
Hy  Te«t  iiiiitH  ari^  riireftill.v^  teHted  at  high 
j)r«*HrtureH  l>ef<»re  «hipinefit»  The  No.  17  Herien^ 
for  example,  Is  tewted  at  850  lb»  hydnwtatie. 
prc*«H»nt  -  a  higher  te«t  pri»}4«ur«  than  is  etwtom 
nry  for  cant  iron  boilers, 


Vf 


Complete  catalog  information  describing  Smith  boilers  Is  filed  In  current 
issues  of  Sweet's  "Architectural"  and  Domestic  Engineering  Catalog  Director? 
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SPENCER 

H  BATE  R 


LYCOftfl&SG-SPENCER  DIVISION 


ALLENTQWN,  PA. 
ATLANTA,  GA. 
BALTIMORE,  M». 

BiNGHAiwrroN,  N.Y. 
BIRMINGHAM,  ALA. 
BOSTON,  MAHB. 
CHICAGO,  ILL. 


Sales  Representatives 

CINCINNATI,  OHIO         HAHRIKIUTHO,  PA.     MINNTAPOLTW,  MINN,  PC  JUTLAND,  OKK. 
CLEVELAND,  OHIO        HOUHTON,  TKXAS     NAHIIVILLR,  TKNN.     RICHMOND,  VA, 
OOLUMBUR,  Omo         INDIANAPOLIS,  IND.  Ni<;\\  MAVKN,  CONN.  ROCKKOHU,  ILL. 
DALLAH,  TEXAH  KANSAS  CITY,  Mo,   NEW  YOKK,  N.  Y,     SAN  ANTONIO,  TKJCAK 

DETROIT,  MICH.  KNOXVILLK,  TKNN.  FHILADKLPHIA,  PA.    SK.VITLK,  WAKH. 

GRAND  RAPIDS,  Mien,  MEMMIIH,  TKNN.      PJCTTHHUIUIH,  PA.        SIM>KAXK,  WAKH. 
GRKBNBIIORO,  N.  C.    MILWAUKKK,  WIH.     I'or  ATM-MS  IDAHO     \VArtinN«aTov,  I).  (' 


STEEL  AND  CAST  IRON  HEATING  BOILERS 
FOR  EVERY  BUILDING  .  .  .  FOR  EVERY  FUEL 

"A",  "0",  and  "It"  Series  fully  npimnvtl  by  »sW/  linilff  hmlifHls 

All  products  mumifiiHnrotl  in  Htrict.  acconljinci'  with  llw  AttMK  rod<»  and  curry  t.Iio 
code  sen,],  lOvory  Sjxinoor  mmsls  raiod  «p<v<ufi<>a<ionst  iw  easy  to  itisfall,  and  HSHUIVH 
economical  operation. 


1,800  to  42,500  SQUARE  FEET»  STEAM 

Steel  Commercial  Heating  Boileis  Mxcl 
jKvnk<»«(  firebox  deni#n  aidn  Iu  making  tin* 
Boiler  «jui«*k  Hteamiug;  HIM!  Hiirietit.  Spar 
either  Nlonttfo  tank  or  iuKianljifieotis  l,\pe  ne 
water  coils,  La,rger  «»/<*«  can  be  rut  in  half  lo 
narrow  o 


**An 
for 


570  TO  3,000  SQUARE  FEET  STEAM,  NET  LOAD 

Steel  Commercial  and  Residential  Heating  Boilers 
For  oil   burner,  stoker,   or  hand   firing.   With 
heavy-duty  doors  and  frame  prennioM  ground  for 
airtifthd  fit,  Adaplablo  t-o  front,  rear,  or  Hide  in 
Htullation  of  oil  buruor  or  ntoker,  Avail»i)l<k  with 
<lomeHfic  hot  water  coils  and  at  tractiv 
jitekot. 

128(5 


Spencer  Heater 


Heating  Systems  •  Boilers,  stee 


320  TO  900  SQUARE  FEET  STEAM,  NET  LOAD 

Steel  Residential  Heating  Boilers  Kxcollcnt  for 
small  homes  requiring  economical  heal  and  in- 
stantaneous hot  water,  Available  with  ai  tractive 
i>e;mf\  jacket, 


340  TO  1,000  SQUARE  FEET  STEAM,  NET  LOAD 
Cast  Iron  All-Purpose  Heating  Boilers  Kspc- 
cially  suitable  for  homes  when*  owner  intends  to 
convert  to  different  type  of  fuel  or  tiring  at  a  later 
date.  Has  attractive  jacket  and  special  glass  ob- 
servation ports  in  fire  and  ashpit  doors.  Precision- 
ground,  iron  to  iron  sectional  fit  requires  no 
caulking, 


290  TO  740  SQUARE  FEET,  STEAM 
Cast   Iron   Sectional   Magazine   Feed    Boilers 
Highl\    efficient    for    burning   economical    buck- 
wheat anthracite  or  p»*a  siflc  coke,  No  motors  or 
moving    parts,    Fuel    IVedn    automatically    down 
unique  Spencer  sloping  grate  uitlt  minimum  at 
fentiott,  IWmits  conversion  to  oil  heat, 


% 


m)  TO  4,510  SQUARE  FEET,  STEAM 

Cast   Iron   Magazine   Feed  Boilers    Residential 
or  commercial.   An  economical  heating  unit    for 
use   with   buckwheat    anthracite,   No   motors  or 
parts,    Fuel    feeds   automatically    down 
Spencer  nloping  gmfet  and  requires  only 
five  to  ten  minutes'  at  lent  ion  each  day.  May  be 
converted  to  other  types  of  firing  if  desired, 

"/*"  »S*7l*f« 

$,OCX)  TO  18,740  SQUARE  FEET,  STEAM 
Steel  Tubular  Magazine  Feed  Boilers  For  larger 
buildings,  itpiitlmeutH,  industry.  One  of  {fie  most 
economical  boilew  on  I  he  nmrkct ,  Designed  for 
economical  XI/,**M  of  anthracite.  Magaxincs  hold 
fiiougit  fuel  for  21  hour*.  Automatic  feed,  no  mov- 
ing purlH,  **V?f"Hlmpcd  duplex  grate*  cowtt ruction 
alhiWH  jiring  hidf  of  boiler  during  mild  wcfithctr. 
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Springfield  Boiler  Co. 


60  Yearn  of 
Specialized  Experience 

Worldwide 
Sales  and  Service 


.  .  .  Ann  Mi ?e 
.  .  .  A  tit/  Prcxsitrc 
..  .1  ni/  Temperature 
.  .  and  for  any  /''//<•/ 


1904  K.  Capitol  Avc.,  Springfield,  111. 


Products 
BENT  TUBE  STEAM  GENERATORS  ~~ 

Modern  designs  for  capacities  from  10,000 
Ib  up. 

STRAIGHT  TUBE  BOILERS- -Specially 
designed  for  capacities  from  5,000  to 
450.000  Ib  per  hour  and  higher. 
STANDARDISED  TYPE  M  BOILERS  - 
Standardized  for  quicker  delivery  and 
lower  cost. 

WATER  COOLED  FURNACES  -Heavy 
duty  water  walls.  Exclusive  center  water 
wall  construction  for  larger  units. 
SUPERHEATERS,  AIR  HEATERS, 
ECONOMIZERS— Individually  designed 
to  meet,  requirements. 

Standardized  Type  MC  Boilers 
Developed       by 
Springfield  to  meet 
the    need     for    u 
heavy   duty,   high 
eflicieney       water 
tube    boiler    suit- 
able  for   small    to 
medium  si^e  steam 
plants.     Available 
iu  a  wide  choice*  of 
sizes   with    design 
pressures    ranging 
from    JOG    to    320 
psig.    The    stand- 
ardized   construc- 
tion is  an  ingenious  application  of  the 
"building  block"   principle   inherently 
present    in    the    Springfield    sectional 
header   design.    Boilers   are   assembled 
from  same  component,  parts.  Height  and 
depth  are  standardised;  width  and  capac- 
ity vary  according  to  number  of  Heetioiw 
used. 


Capacity 
JJjS:  ^  feSL 

7"600 

9,000 
10,500 
12/00 
12,500 
14,800 
ltt',000 
17,800 


10  'V 
19'4" 

ii)'<r 

19 '4" 


inoj" 


Width 


127" 


Bent  Tube  Boilers 

Springfield  offers  a  wide  nolection  of 
standard  and  special  two-drum,  bent 
tube  boilers  in  capacities  from  10,000 
Ib  upward  and  for  any  pressure,  Spring- 


field  designs  are 
compact  and  sym- 
metrical with  max- 
imum surface  ex- 
posed to  radiant 
heat.  Gases  enter 
the  tube  bunk 
across  the  entire 
width  of  the  boiler. 
This  full  width 
How  is  maintained 
through  the  entire  unit.  High  efficiency 
is  maintained  over  wide  load  ranges. 
The  design  illustrated  here  and  listed 
in  the  following  table  is  a  Jow  Iwad 
Springfield  type  suitable  for  firing  with 
coal,  oil,  or  gas.  Steam  delivery  tubcw  are 
arranged  to  discharge  above  the  water 
level.  Superheater,  air  heater,  and/or 
economizer  can  be  provided  if  desired. 


(  Japacity 
lha.  IMT  hi*. 


Width 


1*5,000 
40,000 
45,000 


{XV 


IS'li" 
ISTr" 
1ST)" 


Springfield  Package  Boilers 
Improved  high  rflidrnry  \\at«»r  tube 
typo  with  \VMtoronoloii  combustion 
chamber,  Kactury  anscmblfd  complete 
ready  for  connection  of  fuel,  witter, 
electrical,  and  Hteam  lines,  Stool  cant**! 
and  completely  hmulatt'd,  Built  1o  200, 
,'{()(),  (KH),  ;tnd  (,HK)  put  p 


Ibs,  pr  hr. 
"7,500 
10,000 
15,000 
20,000 
25,(XH) 


K'O" 


WuJth 


H'O* 
X'O* 
S'O* 
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DIVISION 


United  States  Radiator  Corporation 
Detroit  31,  Michigan 

Sales  Offices  in  Principal  Cities 


/k?  High  firdw*  t fatter 


f\fie  ftftit  Fir 


U  iflf  "I'M*  Mur" 


A  Complete  Line  of 
Low-Pressure  Steel  Heating  Boilers 

All  Pacific  Boilers  are  built  using  the 
A.ti.M.tt.  Boiler  Oodo  Standards  as 
minimum^,  and  rated  in  accordance  with 


PACIFIC  HIGH  FIREBOX  BOILERS 

Parific  High  Firebox  Boikuvs  for  nin- 
rhamral  firing,  Ktokcr,  oil  or  giw,  arc  built 
in  rapacities  of  2M)  to  5(>s;?()  «q  ft-  for 

steam  ami  in  rorreaponding  (Uipiu'itieH 
for  water, 

Pacific  Direct  Draft  and  Smokeless 
Boilers  for  coal  firing  are  built;  in  capaci- 
ties of  22(K1  t,p36(KK)  «<j  ft  for  nteam  and 

in  corre«pon<ling  capaciticH  for  water, 

PACIFIC  THREE-PIECE 
CONSTRUCTION 

Low  Wafer  Lint*  and  High  Firebox  of 
Par  i  fte  Boilers  aro  built  in  throes  see- 
lions  .....  nhnll,  firebox  and  biujO"  'and  re- 
quire minimum  building  opening.  Where 
wu'cwjary,  Piwifk?  fimboxcw  can  lx*  Hplit 
(an  illiiHtrafed)  to  allow  the  boiler  to  be 
taken  into  the  building  in  four  soetiona, 
No  cutting*  no  welding  i«  required  in 
any  Pacific  Boilor, 


PACIFIC  SCOTCH  MARINE  BOILERS 

Pacific  Sc.ot.ch  Miurme  Boilern  for  oil  or 

K;LK  tiring,  (^tpudtie*H  of  f^-170  to  425(KJ 
j4«i  ft  $,//./.  rating  wtcani  and  in  cor- 
responding capacities  f«»r  water. 

PACIFIC  RESIDENTIAL  BOILERS 

FOE  COAL,  STOKER,  OIL  OR 

GAS 


Built  in  the  following  «*,pa,nitmK  for 
nUtam:  400  to  11000  HCJ  ft  and  in  rorrc- 

ttponding  f apacitiw  for  water, 

PACIFIC  "Mute  M<c"  BOILERS 

For  oil  or  ga«  -built  in  4  ranging 
from  400  to  SKX)  «q  ft  for  Htimiti  and  from 
(HI)  to  1440  8q  ft  for  wat^r, 

!)e»criptivff  BtdieMm  on  Patifi? 
witt  be.  mttiM  an 
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Member 


General  Office,  Detroit  31,  Mich. 
Branches  and  Sales  Offices  in  Principal  Cities 


Reg,  U.  S.  Pat 
Off. 


The  United  States  Radiator  Corporation  carries  a  complete  line  of  hand, 
stoker,  gas  and  oil-fired  boilers  for  steam  or  hot  water  heating,  warm  air 
furnaces,  gas  burners  and  oil  burners,  radiators,  baseboard  convectors,  con- 
trols and  heating  accessories  for  residential,  commercial  and  industrial 
heating. 


U.S.  Radiant  Baseboard 


Designed  to  operate  with  forced  circu 
la-ting  hot  water  systems,  U.  S,  Radiant 
Baseboard  replaces  ordinary  baseboard. 
It  is   light,  in  weight,   of  all-steel   con 
struct  ion  and  is  roughod-in  and  installed 
exactly  as  standard  radiator  practice, 
Radiant  surfaces,  waterways  and  (intutd 
surfaces  of  IT.  S.  Radiant.  Baseboard  are 
copper  brazed  into  a.  single  pressure  -tight 
unit.      Kxtcrior    surfaces    are    specially 
treated,  then   protected  with  grey  xinc 
chromate  primer. 

Packed  in  individual^  cartons,  distinctly 
marked,  U.  S.  Radiant  Baseboard  is 
shipped  in  unit  lengths  of  12  to  12-i't  in- 
clusive1 in  increments  of  1-ft.  Write  for 
catalog  AR  2%'  B. 


U.  S. 


"Comfort  Cub"  Oil  Boiler  Burner- 
Unit  Ratings  and  Di- 
mensions 

Net  HHt  Hating— 

400  sq  ft  Water 

Net  JHHt  Rating- 

00,000  IHu/hr. 

oKH  J«B=H  Output— 

93,000  Btu/hr, 

I*H*R  Burner  (  Capac- 

ity— 0.00  gals/hn 

Chimney  Bize— 

8  in.  x  8  in.  x  20  ft, 

Dimensions  of  (Com- 

plete Assembly 

Jacketed  Boiler,  Burner  and  Controls 
require  22M  in.  width  x  32  J£  in, 
depth  Floor  Space 


I 


U.S.  Gas-fired 
Boilers 

lr.S.    (las    Boilers 
include  a  complete 
range  of  sizes  and 
capacities  from«S(K) 
4  1         to  ilM-SO  s<i  ft  for 
f  *        steam  heat  ing,  and 

from  210  to  20,000 
s<j  ft  for  hot  water 
heating.  lT.S.(Jas  Boilers  are  furnished 
with  necessary  cont  rol  equipment  and  are 
completely  automatic  in  every  opera- 
tion. All  units  are  <l,C/, A,  approved. 

U.S.  Copper 
Convectors 

t'.S.  Cupper  Con 
vectors  are  de- 
signed for  use  with 
forced  circulating 
hot  witter,  two- 
j>ip<»  steam,  vapor 
or  vacuum  HyHteins. 
They  are  constructed  of  copper  tubing 
with  nonderrous  fins.  Cabin<*ts  are 
made  of  reinforced  heavy  gage  «t<M»L 
Simple  chain  control  damper  facilitiiten 
heat  regulation.  Kor  complete  data, 
write  for  catalog  AH  :W)f>, 


U.S.  Fin-Kny 
Bu«ebottfd  Convectors 


:     fof 

,..  ,  tmd 
cam  mrrritit  buildintiK, 
Thf'i/  run  JWf  /wr- 

in .  jn'iw  «u«*« .  Writf, 
far  Catalog  AK-8SM 
fttr  wwripttite  data,  tind 


TH1NTUBE 
RADIATORS 

3-Tub« 


l,«  H«j  Ft 
4-Tub« 

\   I,H  ,^|  Ft 
\  a.oHii  Ft 


22  a,  1  HIJ  Ft 

1*5       1    2,4  Si i  Ft 


10  '          2.3  &i  Ft 
1*4  in.  (tontw*. 
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U.S.  2 
Oll-Flred  Boiler 


No. 


nun 

H50 

HIM! 


H4,OW 
120,1X10 


1  BH 
(  Jims 

Output 
Btu  lir, 


234,000 


U.S.  25 
Oli-Fired 

Boiler 


I  ll  U  NVt  luting 

!»r  I  it   s*i   If      Ul     u  •  Outjtut 

Htrnm       Wnti»r  Btu  llr' 

MS         H7;»       I3i,»ioo  ,  H»T,WKJ 

Hun        H:rf*       jjt7,ow  ;  ,mow 

i«iHf?           Sl7:t          47l»!(*<»il  '  Wl!»!««i 


U.S.  46 

Oii-Fired 
Boiler 


U.S.  46  Boiler-Burner  Data 

!  IV  it  NV<  Hrtlin«.* 

.%!»'**         IH"  I  II    ,"**i    I  f  |4tl     t|  , 

HM<»m  U»f**r            "!      r 

4H II           .fill  5WI          74,^*11 

4fi  |            -flHI  <HO          y*i,IHH) 

4ti  5           ftfrtl  HWf  IK,fl«t«» 

4<i-l»           7t«>  IILlf>  MlU.tHH* 


Boilor 

No, 


U.S.  Red  Top 

Boilers 

vS<i  Ft  Direct  Cast  Iron  Radiation 
Hand-Fired 


Steam        1 1          Water 

"*Afl  Series    Handfired  (ratings  shown) 


A  7 

A  H 
A  >tl 
A  10 

A  11 


Stoker-Oil 

,'1411 

440 

540 

740 


fo 


102,1 
HKft 


4*Bft  Series    Handflred-Stoker 


UM 

H  u 

B  Id 
H  t! 
Ii-12 
B  13 
H  14 


740 
i»20 

i  no 

127,1 
1440 
KWO 
{73(1 

IKHI) 


14W 
1770 


2,'UKI 


;*Cft  Series    Handfired  (ratings  shown) 
Stoker-Oil 


2H 


4t!II 
457.1 
JWJ40 
M»> 
SHIK) 


U.S.  Water  Heaters 
I'.S,  Hc»t  Watrr  Supply 
Hm!<»rHifornn  ample  Hup> 
ply  ofiiouieKtic  hot  waf«n% 
lire  uvaihthh1!  for  Hth«»r 
Imnd,  oil ,  gn«  or  **I<»rt  ri»ful 
firing.  Writf  for 


U*S,  Vertical  or  Hori- 
zontal Unit  Hcater» 
tf.S,  \Vrf  $<%*tl  or  Hori  - 
zoitfn!  Titif  !l«»fitiTM 
ur««  avitiliibli*  with 
either  <»0  cydo  AC '  or 
25  ryrlf  AC'  nr  IX! 
mot  on*  in  a  wide  ruiiKe 
of  SI/**H  Juid  c'Upai'i' 


tf  I  ni  extni  ct«t.   Writ  i*  f 
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Weil-McLain  Company 

Manufacturing  Division:  Michigan  City,  Ind.  and  Erie,  Pa. 
General  Offices:  641  W.  Lake  Street,  Chicago  6,  111. 

NEW  YORK  OFFICE:  501  Fifth  Avenue 

Weil-McLain  Boiler  and  Radiator  service  is  made  conveniently  available  through  local  stocks 
carried  by  Weil-McLain  Distributors  in  most  of  the  important  distributing  centers. 


Nos.  57,  67,  77  All-Fuel 
Boilers 

Conversion  type  boil- 
ers for  hand  or  automa- 
tic firing.  Connected 
Load  Ratings :  Steam  210 
to  1130  sq  ft,  Water  340 
to  1810  sq  ft. 


Nos.  68  &  78  Boilers  for 
Automatic  Firing 

Boilers  have  insulated, 
enameled,  extended 
jackets.  Net  I-B-R 
Ratings;  Steam  390  to 
1,130  sq  ft,  Water  625  to 
1,810  sq  ft. 


Raydiant  "Concealed" 

A   Radiant  con  vector 

type  all  cast-iron  Radi- 
ator. Made  in  "Con- 
cealed," also  Partially 

Recessed  types. 


No.  87  All-Fuel  Boilei 
Conversion  type  boiler 
for  hand  or  automatic 
firing.  Insulated  and 
j ackc ted.  Co n n e c ted 
Load  Ratings :  Steam  900 
to  2,300  sq  ft,  Water  1 ,440 
to  3,6KQ  sq  ft. 


Round-Type  Boiler 
IJnjacketcd        Round 
Boiler   with   corrugated 

heating  surfaces  for  eco- 
nomical home  heating. 
Connected  Load  Rat- 
ings: Steam  310  to  900 
sq  ft  Water  490  to  1440 
sq  ft. 


Solray  Radiator 

Free  standing,  all  east- 
iron  Cabinet-typo  Radi- 
ator with  metal  cover 
top.  Three  depths:  21. 
24,  and  27  in.  high:  and 
one  depth-lSinu  high. 

1292 


Square-Type  Boilers 

Sectional    boilers    for 
larger    installations    28, 

40  and  44  Heriea,  Con- 
nected Load  Ratings: 
Steam  1,580  to  11,300  sq 
ft,  Water  2,530  to  17,000 
sq  ft. 


Type  G  Gas  Boiler 

Jacketed     gas    water 

boiler  for  natural,  mixed 
or  manufactured  ga«. 
AGA  approved*  Con- 
nested  loud  ratmgn: 
Water  305  026  «q  ft. 


Junior  Radiator 


Smaller  Tubular  type 
Radiation  which  con- 
serves space.  Available 
in  IJ  in.  miters  in  &,  4, 
5  and  6  tub«  widtim  and 
19  to  32  hi,  heights. 
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THE  FLY  ASH  ARRESTOR  CORPORATION 

P.O.  Box  1833         BIRMINGHAM      ALABAMA          Phon®  54*6676 


FLY  ASH  ARRESTORS  AND  INDUCED  DRAFT  FANS 

DOMESTIC  FLY  ASH 
ARRESTORS 

The     "Whirlex"    domestic     fly 
arrest  or  is  designed  to 


ash 
the 

fly  ash  nuisance  whore  solid  fuel  is 
burned.  It  can  be  fitted  to  X,  9,  mid 
10  in.  smoke  pipes  and  consists  of  a 
multiple  leaf  helieoid  within  a  slotted 
jacket  which  is  enclosed  in  an  outer 
casing  fitted  with  a  hopper.  A  slide 
gate  is  provided  on  the  hopper  for 
removal  of  the  accumulated  fly  ash. 
The  draft  loss  is  low  enough  to  allow 
installation  in  one  story  dwellings. 

MULTIPLE  TUBE  FLY  ASH  ARRESTORS 

Where  high  collection  efficiency  is  required,  the 
multiple  tube  fly  ash  arrest  or  in  furnished  in  cither 
angle  or  horizontal  designs,  providing  a  compact 
installation  adaptable  to  the  most,  difficult  space 
requirement?-*,  The*  collector  illustrated  in  a  single 
Htugc  unit-  When*  extra  clean  exit  gns  is  required, 
two  stages  are  usually  furnished.  The  second  stage 
in  identical  to  tin*  first  except  that  the  stream- 
lined I  munition  intake  in  omitted,  Construction  in 
all  welded  and  elements  are  fabricated  of  10  and 
II  gage  Hteel,  The  casing  and  hoppers  are  fabri- 
cated of  'Vi  in.  Hfeel,  properly  flanged  for  easy  ^ 
field  iiHHewbl.v,  This  design  is  for  commercial  and 
industrial  applications, 

INDUCED  DRAFT  FANS 

Fly  Ash  A  Trent  or  Corporation  induced 
draff  funs  arc  of  extra,  heavy  all  steel, 
welded  eoiwtruction,  They  are  <lc> 
nignnd  for  dependable  service  under 
the  most  nevere  operating  conditions. 
Although  thene  fjyw  are,  standard  as 
to  general  design,  dlwy  sire  custom 
built  to  miit  UM  requirements  of  each 
itisf  itllaf  ion  und  arc:  available  in  winkle 
nnd  double  widths.  Standard  con 
ntruction  provider  a  wafer  or  ?iir 
cooled  shaft  \\lth  anti  friction  bear 

but  fun*  can  be  furnished  with 
whuffs  and  «elf  rfiigning  \\n$t*r 

•ti'fl  H!<M*V«*  bearing. 
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The  Babcock  &  WIlcox  Co. 

85  Liberty  Street-,  New  York  6,  N.  Y. 
Offices  in  All  Principal  Cities 


Water-tube  Boilers  for  Stationary  Power  Plants,  and  Marine  Services.  .  .Super- 
heaters. .  .Economizers.  .  .Air  Heaters.  .  .Pulverized  Coal  Equipment.  .  Xhain 
Grate  Stokers.  .  .Oil,  Gasy  and  Multifuel  Burners.  .  .Seamless  and  Welded 
Tubing  and  Piping.  .  .Refractories.  .  .Process  Equipment. 


AIRPORTS  TO  ZOOS 

Use  these  B&W  Boilers 


ul  Furnat't'  IttriltVi 


Dependable,  low -cost  .steam  for  heat- 
ing, power,  and  other  purposes  in  public 
buildings,  hotels,  apart merits,  hospitals, 
.schools,  housing  projects,  institutions, 
and  several  hundred  industrial  plants  is 
supplied  by  the  three  types  of  IUW 
boilers  shown  here.  They  are  designed 
expressly  for  en  parity  requirements,  up 
to  00,000  Ib  of  .steam  per  hr  at  KM)  psi 
and  above.  Kach  type  ha,,s  diKtinrtive 
Features  that  make  it  an  attractive  unit 
for  e(»r(ain  service  comlitioihs,  \v\  all 
thn»e  offer  t he  economical  advantages  of 
compact neHH  maximum  steam  capacity 
in  minimum  spare;  fast  steaming  and 
ability  to  handle  ,su<!di*n  loa<I  swings; 
cane  of  o)x*ration;  low  maintenance; 
a<Iaptal>tlit>"  to  any  fuel  or  firing  method; 
moderate  initial  conf ;  a,nd  coordination 
of  component  jmrtn  into  highly  ellicient 
unitH  of  simplified  deni^u  and  Htnttdard' 
IX<M!  const  ruction,  All  three  have  long, 
impreHHive  records  for  $dv*rtK  ^"*  h'wh 
Htandards  of  performance,  continuity  of 
service,  and  lotigJerat  operating  econ- 
omy hoeHHential  to  low  .eo«t  Htennt  wiu't- 
at  ion. 

Call    in    n    H*V\V    repreHenlative    for 
uHsiHtnnce  in  selecting  the  boiler  bent 
suited  for  uny  commercial  or  Industrial 
application  from  an  airport  to  a  /.oo. 
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The  Brownell  Company 

KHTAHLIHHED  I8.r>f) 

452  N.  Findlay  St. 
Dayton  1,  Ohio 

Manufacturers  of 

BROWNELL  BOILERS,  STOKERS,  AND 
HEAT  EXCHANGERS 

Representatives  in  All  Principal  Cities 


Welded  Triple  Pass  Heating  Bolters 
built  in  Cither  high  leg  or  low  wafer  line 
types,  flaml  fired  rating  $X)  to  :il,WO 
H<|  ff  steam,  -SOO  to  r»U,.SIM)  «<|  ff  wafer 
radial ittu.  Stoker,  t  >il  or  <  J«H  fired  up  to 
•W,!00  K<|  ft  stcuiu  or  »>0,<KK)  HCJ  ft  wntor 
nulintioti,  J,*NM/,K,  ("odi*  r<m«t  ruc- 
tion, 


Type  IR  (Low  Sett  Underfeed  Ram 
Type  Stoker.  ltlt»al  wliiTc  h<»igh(  of 
setting  is  limited.  SIZCH  to  .KM)  hp;  **ll" 
mo(Ii*!K  tip  to  700  l»p.  Auf,i>inntif  air 
volume  couirul,  Can  IIP  funtislunl  with 
BrowiH'll  cxrlusivt',  fully  automatic 
int,(knuit tent  coal  feed  control. 


Type  C  Screw  Feed  Stoker,  proved  by 
yearn  of  Herviee  to  be  sturdy,  reliable  atid 
efiicient.  Ilhtst  ration  rthoWH  dc»a«l  plat  en; 
ran  ulno  be  fununlied  with  dump  platew 
in  (he  larger  sizes.  I-tO'^X)  hp. 


High  or  Low  Pressure  Double  Pass 
Bolter  with  Tvpe  I*l(  Stoker,  Designed 
and  Jiifiiiiifartured  art  si  nmtrhecl  uiijt 
Hteuni  i^eip'ratiitg  j(jlatit.  Furnished  in 
working  presMures  from  15  to  150  lb  and 
sixes  up  to  $10  hp.  For  power,  heating, 
and  tjrmM'HH  HtetuiL  Kteani  rating «, IKK) 
to  42/»W  MI  ft,  Water  rait  ing,  fl,XM  to 
«8,<KX)  HCI  ft  when  «HH!  with  wtokcr,  oil, 
or  giw,  ,'!,*V,j/,/^  C'od«  coiwl ruction.  1  ga« 

Th«  illuHt rations  nhow  only  a  part  of  thu  <*o»ip!ett!  Brownell  line.    Wis  ttlmil  Kladly 
litoratuns  deHcrsbing  'BrowwtU  oquipiiiM»t.t  Our  field  organization  IA  n-iMiy  tn 

in  problc'trw  of  Hleam  gc?«eration  and  heating 


Heat  Exchangers,  Generators,  Con- 
verters. Hourly  ctiipac.itiew  from  0*0  to 
4,4(K)gai;  Htora^j  atpaeitien  2f»  to  l,!M)f 


Heating  Systems 


Boilers  and 
1  Stokers 


Combustion  Engineering-Superheater,  Inc. 


Complete  Steam  Generating  Units 
Pulverized  Fuel  Systems 


C-E  Skelly  Stoker 


All  Types  of  Fire  Tube  and 
Water  Tube  Boilers 
Mechanical  Stokers 

200  Madison  Avenue,  New  York  16,  N.  Y. 

Offices  in  ail  principal  cities  of  the  UnitedStates  and  Canada 

More  than  20,QQO:,C-E  Stokers  purchased  to  date 

C-E  Skelly  Stoker- -A  compact,  self- 
contained  unit  with  intend  forced-draft 
fan,  adapted  to  burn  cither  anthracite 
or  bituminous  coal.  Alternate  fixed  and 
moving  grate  bars  assure  lateral  distribu- 
tion of  fuel.  Automatic  control  is  stand- 
ard equipment.  Approximate  applica- 
tion range— 20  to  200  rated  boiler  hp. 

Type  E  Stoker— A  single-retort,  under- 
feed stoker  with  an  established  reputa- 
tion of  many  yeans*  standing  for  depend- 
able service.  Designed  to  burn  a  variety 
of  bituminous  coals  under  boilers  up  to 
about  000  rated  hp.  Available  with 
steam,  mechanical  or  electro-hydraulic 
drive. 

C-E  Low  Ram  Stoker A  Hingle-retort, 

stationary-grate  underfeed  tttoker  for 
burning  bituminous  coals  under  boilers 
in  the  upper  «isw  range  of  the  C-K  Kkelly 
Btokor. 

C-E  Spreader  Stoker-  A  simple,  rugged 
overfeed  stoker  dcmguwi  to  burn  a  wide 
variety  of  coals.  Fines  are  burned  in. 
suspension  and  the  coarser  coal  on  a 
grate  which  may  be  of  either  continuous 
discharge  or  clumping  type.  Hate  of 
coal  feed  and  air  supply  may  be  regu- 
lated over  a  wide  range  and  are  readily 
adaptable  to  automatic  control.  Appli- 
cable to  boilers  from  about  IOC)  boiler 
hp  up. 

C-E  Multiple  Retort  Stoker  -For  burn  - 
ing  hituminotiH  and  H<»mi -bituminous 
coals  under  hoilcrH  up  to  thi*  largest  m?.eH, 

C-E  Traveling  Grate  and  Chain  Grate 
Stokers  "Including both  C'oxe  and  ( Jreon 
types.  Available*  with  grnt«  surfaces 
suitable  for  anthnwift*,  eoke  brcwse, 
lignite  or  hitumiumiK-  coal,  at*  required. 
Traveling  graiftt  are  all  forwnf -draft 
typtis;  chain  gratis  are  «*ith*»r  forced 
((raft  or  natural  draft  types, 

C-E  Boilers:  All  firc»f  tufw  and  water 
tube  typoH  In  «izc'«  raiigiiig  from  2f>  hp  up 
to  the  1  argent,  Stamford  and  Hpecial 
clcsigiiH  to  Huit  all  conditioiw of  fu«tt  load 
and  space.  Incthided  ar«  all  types  for™ 
merly  known  by  the  trade  names 
"Hftme,"  "Walnh^A  Weidmtr,"  u(Ja«oy" 
lodges,"  "Udd"  and  "Nuway." 

Separate  Catalogs  describing  each  of 
these  products  are  available.  A.SSI-F 
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Type  IS  Stoker 


C-E  Law  Earn  Stoker 


Heating  Systems 


.  Boilers, 
Steel 


Cyciotherm  Corporation 

Oswego,  New  York 

Factory  Distributors  throughout  the  United  States 
Sole  Export  Distributor:  Drake  America  Corp.,  20  E.  50th  St.,  New  York  22,  N.  Y. 


CYCLOTHERM  STEAM  AND 
HOT  WATER  GENERATORS 


Op<M':it<»  on  Cyrlonu*  ('omhu*- 
t  ion  principle.  Completely  nu- 
fonintic  with  full  safety  con- 
trols. Oil,  ^as  <>r  interchange- 
able gas  and  oil  firing.  Only 
four  ronncHionH  required. 


The  {\v<*lnnic  ComhuHtion 

principle  causea  the  fuel  to  he  Imrned 
while  Hpiraling  at  high  velocity  around 
the  inside  wall  of  the  eoinbuHtion 
chamber,  forming  virtually  a  tuh«  of 
flame.  Thin  provider  uniform  and  highly 
HUekmt  heat  transfer  over  the  entire 
furnace  wall  without  hot  HpotH.  Com- 
plete utilixation  of  heat  transfer 
provide  quirk  heat  IIH  woll  an 
than  80  p<*r  <%<»«t  i'(firi«kiH',y  with  tl«» 
du<'i*d  inaint^nniH^  of  a  two-pann  design, 
10  to  f>0  hj>  inoddH  are  «»<|uipped  with 
**oU'OfT"  fonfrol;  HO  to  3IKI  lip  inodeb 
ha vii  modulated  control.  (00  ht)  nu»de,lH 
tivailahtt*  with  either  control  fonn,) 
Automatic  eoinlnwtion  Hafegimrd,  low 
water  and  other  Hafety  controln  are  in- 


/a  to  aw  //./*. 


Pressure  Range 

Available  in   standard   low 
units  or  high  pressures  up  to  200  p«i. 


Fuel  Burner  Arrangements 
Fuel  Cyclotherm  Size 


Light  Oil,  1  to  3 
Heavy   OH»   5,    0   and 

Hunker  (I 
C«a«,  mfd.r   mixed  and 

natural 

(Joml>,  light  oil  and  gan 
(!'oml).  heavy  oil  and  $aH 


STAN0AKD  EATINGS  AND  DIMENSIONS 

,  Until*    '        Hot  WttUw  Unit*         Ovw»l 


»« 

4ft 


TO 


tfJCt 
J2ft 


2WI 
300 


,«>&!(M»0   i) 


,<17ft«000 
.OlO.tKK) 


4JW.5IMI 


,700,000 
,050.000 


!»«> 
HIM 


34*(» 

5175*' 


2,7W 
4,IWJ 


13,  fW 
JW*,«35 


Hr, 


H25 
1,210 


3.3W5 
•l,!3ft 

ftlactft 

H.870 
W.405 


2,880 


400 
3»0 


4I»W 


HI  3 

mi 

\m 

ml 

1731 

227  i 

a;i7 


10  to  SOD  HP 
50  to  3(X)  111* 
10  to  IUX)  IIP 

10  to  :ioo  in> 

50  to  I«M)  HP 


i  (IttohtiH) 


411 
H 

it 

m 
m 


7ft 

WJ 


41 
48 
48 

ft»t 

fill 

« 

fft- 
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The  Dewey-Shepard  Boiler  Co* 

Salos  Office:  J311  N.  Capitol  Avenue 

Indianapolis,  Ind. 
Factory:  Peru,  Indiana 

Manufacturers  of 

STEEL  FIRE  TUBE  BOILERS  &  HEATERS 
GAS  &  OIL  FIRED 


VERTICAL  FIRE  TUBE  UNITS 

capacities 
95,000  to  815,000  Btu 

ASME  CODE  CONSTRUCTED 

Dcwey-Shepard  boilers  «fe  water  healers 
(oil  <fe  ga,s  fired)  are  built  on  the  patented 
tube  with-in  a  tube  principle. 

All  units  are  jacketed  vviih  fiberglass  in- 
sulation ready  for  instant  hook  up. 

*  Boilers  automatically  welded 

»  Oil  burners  Undct'irrtlc.^x  approved, 

*  (I? us  burners  A(*A  lisled, 

*  Built-in  coils  optional. 


Oil  Fired  dun  Tape  I  'nit  With  Jacket  Can  w/ur- 
ni ailed  fo'tfw  jackal 


SMALL  HOME  BOILER 

Capacity  110,000  Btu 
Tlut  l)ckwey  Sitopard  high  rapacity  h(»ri- 
xontnl  steel  boiler  is  pariiculiiri.v  w'*^ 
adjipted  for  biiK«*bo;u*d  <»r  panel  hot 
wafer  heating  and  prired  <i*  make  fhw 
type  of  heating  available  oft  lou  <*o.si 
h<mKing,  (*an  be  lin*d  interehan^eabiy 
with  guiHyjM*  oil  burner  or  g«M  lir*»»I 
unit  (for  LP,  nianufarttin»d,  or  natural 
gas).  Holier  proper  I'M  cyiiiidrieal  ami  ran 
b(^  furuiHtu*d  with  or  witltottt  jacket. 
OutHide  jarket  diniennionH  IS  in,  wide, 
20 in. high,  Win.  long,  with  burner eiptip- 
UK»n1  projceliug,  Tnif  can  be  j4iiHpi*i»ded. 
Buill"in  coil  optional, 
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Farrar  &  Trefts 

Incorporated 

KSTABLLSHKD  3803 

20  Miltmrn  Street,  Buffalo  12,  N.  Y. 

FAJRRAR  &  TREFTS  SALES  OFFICES 


AUJ-'.NTOW  N,  !'\, 
ATLANTA,  GA. 
BALTXMOKK,  Mi>. 
BOSTON,  MAHH. 

BlIKNOH  AlUKH,  S.A, 

rilAKtiOrrK,  N.  ('. 

(•incAuo,  ILL. 
CINCINNATI,  OHIO 


,  OHIO 


DKTUOIT.  Mini. 

MlLWAtrKKK,  Wtrt, 

PORTLAND,  OUK. 

(iKNKVA,  N,  V. 

MlNNKAt'OLIH,  MlNN. 

RICHMOND,  VA. 

CiitAND  KAMIW,  MICH. 

MONTH  VIDEO,   U  HUGH  AY 

RoOHEHTEK,   N.  Y, 

HorHToN,  TKXAH 

NAHUVILI.K,  TKNN. 

ST.  CATICKKINKH,  ONT, 

I  NtJlANAPOLIH,  INI). 

NKW  OKLKANH,  LA. 

ST.  Lot  'in,  Mo, 

K.vovuLU',  TKNN, 

NKW  YOHK,  N,  Y. 

SALTLAKK  CITY,  UTAH 

LITTLK  HOCK,  ARK. 

NUTLKY,  N.  J. 

SAN  ANTONIO,  TK\. 

liOriHYitiLM   IVY. 

Oiu'HAJtu)  PAKK.  N.  Y. 

SAN  KHANCIHTO,  ("MAV. 

MARION,  N,  (  '. 

Pnn.AlXKlLPHIA,  PA. 

SKATTLK,  WAHH. 

MKCHAKICHIU  HO,  PA. 

J*Hof',Ni\,  Ant/,. 

TAMPA,  FLA. 

MKMr»w,  TKNN, 

Tt'CHf  N,  Am  ', 

WILKKS  HAUUK,  PA. 

llmm  Cam  pa 
Xf ri'cit  Wt*  and 


The  F&T  Bison  Compact  Welded  Heating  Boiler  is  more 
than  juat  another  hoilor.  li  has  been  designed  carefully  so 

aa  to  have  a  large  furnace  volume,  the  proper  volume  of 
water,  just  the  right  amount  of  Hteam  liberating  surface,  the 
correct  volume  for  Htoam  storage  and  a  balanced  circulation, 
The  remilt  IH  a  remarkably  wtoady  water  lino-  A  Balanced 
Boiler, 

Thin  boiler  requires  a  minimum  amount  of  floor  space  and 
i«  easy  and  inexpc»nHive  to  install  .  It.  in  n»asonable  as  to  first 
cont  and  (*conomieal  in  operation.  (Construction  is  in  ac- 
cordance with  the  A  ,»S,J/.  /£.  (  ^nle  for  15  ib  working  prensure 
and  boilers  are  designed  for  hand  firing  with  anthracite  or 
bitumirnniH  coal  or  for  mechanical  firing  with  oil,  gan  or 
stokor.  There  are  various  wnm  available  from  2,200  to 
35,000  B(j  ft  of  uteam  radiation,  all  ratings  as  r(kciuire<l  by  the 
titccl  ttrutiny  Itmlrr  tnxtitittG. 

Blsonett6  Compact  Boiler  has  tiio  mune  characteriHtics  as  the  larger  Bison 
Boiler,     It  ha«  hi»cn  dewigned  for  installation  in  largo  residences  and  small 
e«iabliHhmentH  where  the  Advantages  inherent  in  a  Steel  boiler  are  desired, 

Firebox  Return  Tubular  Heating  Boilers  are  Quality 

Boilers.    They  an*  fonHtrueted  to  nu»iwure  up  to  the 

high  «tam!ard««»t  by  Heating  Kngjneersand  will  give 

unfailing  Hervice  under  all  conditioim.    lieing  eco 

itoiiiicftl  to  iu«f  all  and  oprrat<*,  I  hey  ant  highly  favored 

by  Architect  H  mid   KngimnTH  for  heating  Schoola, 

ifoHint  filsT  ef  c» 
liter**  an*  tw«>  typeH  erf  Firebox  Boilrra,  the*  Up. 

Draft  Type  and  the  Down-Draft  Type*.  (  Hoth  typc»H 

are  made  of  weldrd  or  riveted  count  ruction  for  heat- 

ing jHirpoHi'H  At  lf>  Jb  working  pn'HHuro  and  riv**ti*d,or, 

(1iw«  t  fuHiou  weldeti  x  myed  aitdwfreH»«n*liev<ui  for 

power  pnrpoj4t»«  itt  KH),  125  and  1  50  lh  working  prwtMun* 

in  fifrurdaiici*  wit  It  the  A  ,*S,J/,  K,  (  *od«^,    Mi  /.OH  from  4,500  io  35,000  H<|  ft  of  steam  radi- 


The 


urn  Tubular  limln 
«SVn>*  800  t 


at  ion,  HH  rutini  by  t  hr  $ffd  ilmtin%  IMlrr  tmlltutc^  art*  designed  for  hand  firing  with 
n>al  or  for  mi*f  hf'iiunil  firing  with  oil,  ga«  or  Htokor, 

Scotch  Wet  Top  Back  Bailers  are  designed  HO  that  no  refractory  tiki  »ru  rejiuired  at 
the  tou  of  the  nmr  rombuHf  iori  chamber*  The  Hteam  Hpaci*  extends  thejmtire  length 
of  i  hi*  bo5U*r  and  t  he  furnace  in  entirely  Htirrounded  by  water  which  permit  H  immediate 
maximum  lieattriuinfer  andfilworjjf  io'n.  Thin  special  denign  remiltHinaboilpr  that  is 
e\trH»f»Iy  eflicietit  to  operate  and  i«  juaintuiueci  fit  a  minimum  coHt, 
Tti«*8rtitrhW*»t  Top  Hack  Boiler  IH  a  Helf-c-ontained  unit  .  It  can  be  moved  entity  and 
ran  In*  iiiMtailed  on  t  \vo«add!e«,  Xoexpenmve  foundation  or  pit  *w  re<juired.  Xoex^ 
ternal  brickwork  in  nee<Ie*I.  HecattKit  of  itH  nhort  length,  low  height  and  low  water 
liwt,  thin  ctimpact  l>oiler  unit  can  he  hint  ailed  in  ttmatl  «pacc*H  where  there  w  luck  of 
headroom  and  where  no  other  type  will  lit, 

d  f  or  oil  tgan  or  mechanical  firing,  in  jteeordariw*  with  the.  nMjuirementH  of  f-h«» 
/t-',  <-o<l«  for  15  Ib  working  prewwns  ratingnof  tlw*w*  boilern  cfinfc^rm  io  »S'./#,/. 
rung**  from  *WH)  to  4'^H)  BCJ  ft  of  »tt*am  radiation. 
Write  for  Complete  Catalog 
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Fitzgibbons  Boiler  Company,  Inc. 

101  Park  Avenue,  New  York  17,  X.  Y. 
Sales  Branches  in  Principal  Cities 

Manufactured  at  Qswego,  N.  Y. 
Steel  Boilers  since  1886 

Hc«.  U.S.  Pat.  (HI. 


PRODUCTS—STEEL  BOILER  HEATING  and  POWER  BOILERS  for  all  fuels  and 
all  heating  systems.  Capacities  to  meet  requirements  of  any  building.  Built  and 
rated  according  to  A.S.M.E.  and  S.B.L  Codes, 

FITZGIBBONS  icD"  TYPE 

FOR  15  Ib  W.S.P.—30  Ib  W.W.P, 

A.S.M.E,  BUILT 

S.BJ.  RATED 

HARTFORD  ^INSPECTED 

Thrstrrl  boiler  for  hrathi£ 
apartmmfs,  oilier  buildings, 
thratrrs,  nrhools,  hoHpituis 
"•  capacities  up  to  J2»50fi  sq 
It  Hiram  KDH. 
OIL  OR  GAS  FIRED  fh*> 
g«i«rrotiK  firrhox  inHtirrw  lit** 
lihrratioii  of  morr  Hfu*s  in 
ihr  furl. 

COAL  BURNING  rMokri- 
<>r  hnml  iiriMli  jjjratr  nprr 
furrH  arnf  Krco»i<iar>'  air  in 
iak<»iir<MfiitTr<*l  for  admit  tiny; 
1hr  right  amount  of  air, 
Klur 


boiler, 

RAPID  WATER  CIRCULATION    a   rapid  eoitttnuoUH  nwcrp  iiiiluwJ  b>   thr  con 

ce.ntrat.iou  of  heat,  at  the  crown  whorl.  This*  powerful  circulation  w  further  helped  bv 

the  ab«(sn««  of  convolutioun  or  distorted  fornm  wliich  iiiight  iiupcMtr  it, 

The  factorw  -(^flicicnt  combuHlion  and  punitive  wntrr  rirctilation    iiwurr  thi»  quirk 

heating  BO  valuable  in  automata^  Oring,  whrrr  rapid  rrnponw*  to  ItcjttintfdrnifiiHls  ruts 

down  firing  prriodH,  and  «avrK  furl, 

J)oni(iHtie  hot  water  may  be  provided  with  no  ntorap*  funk  by  thr  Ktt/gibbmw 

"TaukHavor."*  Where*  a  H<orag;e  tank  in  lined,  the  **T«nkhrati*rM  inn>  bit  furttinhrd. 


,  U.S.  Put,  OIT. 
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FITZGIBBONS  "400"  SERIES 
The  Steel  Boiler  for  Homes 

A  boiler  that  brings  to  the  small  home  every  advantage 
of  FiUgibbons  stool  construction, 

The  -100  Nonets  is  a  quick  heating;  boiler.  This  re- 
duces the  periods  of  burner  operation  and  is  the  reason 
for  outstanding  fuel  savings  and  comfortable  tem- 
perature. Abundant  domestic  hot  water  is  provided 
by  the  Kit/gibbons  "Tanksaver" \summer  and  winter, 
with  no  storage  tank  required. 

Available  in  types  for  all  mechanical  firing  methods, 
and  for  hand  tiring  with  coal.  Sizes  from  400  to  900 
scj  ft  net  steam,  (MO  to  .1440  sq  ft  net  water. 


FITZGIBBONS  "80"  SERIES 

The  Steel  Boiler  for  Smaller  Buildings 

High  in  efficiency,  fuel  economy,  quick  heat- 
ing, due  to  large  rectangular  firebox  and  rapid 
water  circulation  which  promote  heat  trans  - 
for*  A  willing  team-mate  for  any  oil  burner,  gas 
burner,  anthracite  Htokttr.  Alno  available  for 
ham! -fired  anthracite  coal, 

Hxtra  larflu  domwtie  hot  water  capacity 
fromtlm^TANKHAVKH"'11  all  year  'round,  with 
no  Htoragi*  tank  needed, 

Sizes  from  111)0  to  .1000  «q  ft  Htoam  wit  load 
and  17M  to  4HCK!  H«J  ft  water  net  load, 


FITZGIBBONS  *4R-Z-U  JUNIOR" 
TJhe  Steel  Boiler  for  all  Fuels 

The  fvquinMtx'titH  of  bituminous  coal  (stoker  and 

hand  firing)  have  br-iMt  given  Hjwoial  eotwide.raf  bit 
in  lii'si^tiinK  the  R  'A  V  Junior,  although  it  in 
also  «*\eHh»ttfIy  Ktiitubli*  for  oil,  gitn  aiui  nnthra- 
cite,  I^trgc  rombUHtion  space  low  draft  IOHK 
atnph*  lubi*  area  und  diuni«*{<»r,  niuk<»  thin  hoil*«r 
ideal  for  this  tyji^  t^f  flic!  in  cither  «ft*nn*  or  hot 


Abiifidunt   hot  wafer  mtppi.v  front   fhf  "TANK* 
SAVKK"*  or  from  n  TANKHKATKH  roil  If  u 

HtorafCft  tjnik  i«  iiHwi, 

Si/,ry»  (nMM'luuiM'uily  fir*«di  from  tNKI  to  IlfWHf  «q  ft 

Mti'jiiii  nrt  loail  and  I7W  tct^W^l^q  ft  w;ili*r  nri  loml, 
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The  International  Boiler  Works  Company 

o()0  Birch  St.,  East  Stroudsburg,  Pa. 

SALES  OFFICES  IN  PRINCIPAL  CITIES 


TjX)R  yours  "Fuel -Silver"  Boilers  Typo  V 
-*-  have  met  the  requirements  for  low 
cost  heating  in  oflice  und  apartment 
buildings,  hotels,  schools,  theatres,  in- 
dustrial plants,  etc. 

Their  design  and  construction  makes 
them  especially  suitable  for  modern  heat- 
ing requirements: 

QUICK  STEAMING 

Due  to  rapid  and  positive  internal 
water  circulation. 

MAXIMUM  HEAT  ABSORPTION 

Due  to  effective   distribution  of 
heated  gases. 

EASE  OF  CLEANING 

Due  to  accessibility  of  heating  HUP* 
faces. 

"FUEL-SAVER"  Boilers  have  cut 
fuel  costs  in  thousands  of  heating  instal- 
lations. 

Complete  range  of  standard 
sixes  rated  in  accordance 
with  tf./*./.-15  Ib  AMM.K. 
standard— for  hand,  Htokcr, 
oil  or  gas  firing. 

Type  C  twin  section— a  heating  boiler 
in  halves.  For  installation  whom  Type 
C  one  piece  cannot  be  carried  through 
existing  pnHsages, 

Type  KD-"  knocked  down  a  heating 
boiler  designed  for  shipment  HO  that  nee- 
tions  can  be  carried  through  a  door  or 
window,  KliminateB  expensive  cutting 
or  patching  of  building,  Redueen  time 
out  when  in  need  of  steam. 


Type  CR  water  tub**  power 
boiler    fur    proctwHtnK    and 


oil  or 


of  HI/.<*HI 


BOILER  BUILDERS 
SINCE  1886 


Write  for  bulletins 
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Johnston  Brothers,  Inc. 

ESTABLISHED  1864 


Member 


'JOHNSTON 


Ferrysburg,  Michigan 


Reg.  U.  S,  P«t.  Off. 


"PACKAGED" 

STEAM  BOILER  UNIT 
FULLY  AUTOMATIC 

HEAVY  OIL 


Standard  Scotch  Boiler 

Water-back  Type* 

Natural  Draft* 


WATER-BACK  TYPE, 

FORCED  DRAFT,  THREE-PASS, 

TROUBLE-FREE,  EFFICIENT. 

Rating  Ktwranteed  and  overloads 
readily  obtained. 

HIGH  PRKSSCHH  T\TK  from  50  to 
500  hp  and  pressure*  of  125,  150  &  200 

11>  psi. 

LOW  PRKSSFRK  TYPK  for  heating; 
15  U>  pressure,  and  KDIt  rating  from  21  *)0 
sc(  ft  in  -I2,5(H)  s<{  ft  steaiu. 

A.M.i\f.K,  <*<»de  const  met  ion.  Ask  for 
Bulletin  505, 


Firebox  Heating  Bolierf  Compact  Type,  OIL  Gas, 
Stoker  or  Hand  Firing.  Three-Pass  IS  lb  pressure, 
AJSM.E.  Code.  Capacities  2 WO  to  42,500  sq  ft, 
S£P/  rating*  Ask  for  Bulletin  1500* 


POWER,  PROCESS,  HEATING, 

*2f*  to  300  hp  and  prt*«Hur<ss  !5  lb  to  200  lb  p.si. 
For  mwhatiicftl  firing  wit  It  <  'oal,  (  JJIK  or  Oil  .  (  )vt»r- 
hijwiK  up  to  lilK)  JHT  ccfat  of  rat  ing  rfiulily  dt*V(tlop«*fL 
Oil  or  (\w  firing  ^quipiu<tnt  ami  t'ontrols  can  tw 
iiirttiilUui  for  (koiupl^t<*!y  Jtutoiuatic  operation  anil 
in  mwrgmicy  or  furl  wcftrcity,  can  be  tva<HI>  <•<*»- 
to  (Joal  firing. 


Awk  for 


41KX) 
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THE  TITUSVILLE  IRON  WORKS  CO. 

mVSVILUE,  PENNSYLVANIA 

DIVISION    OF    SIRUIHERS    WELLS    CORPORATION 

Designers  and  Manufacturers  of 


A.S.M.L 

Dependable  CODE 


BOILERS 


...since  1860 


Designation  CM 


Titusvillc  Compact  Steel  Heating  Boilers 
built  in  19  sixes  ranging  from  129  square 
feet  to  2500  square  foot  heating  surface, 


n  H7* 


Titusvillc  B  All*.  Welded    Portable    High 

Pressure  Firebox  lioilers  built  in  12  sizes 
ranging  from  250  square  feet  to  25()0 


and  maximum  steam  working  pressure  15     square  feet  heating  surface,  Hteani  pros- 

psipr  "  sure  1(X)  pmg,  125  psig  and  15(1  pstg. 


TituHvillo  Scotch  Marine  Heating  Hoilens 
built  in  19  sixes  ranging  from  129  square 
feet  to  2500  square  foot  heating  surface, 
and  maximum  steam  working  pressure  15 


Titusyilhi  Scotcii  Muriru*  Power  Boilers 

built  in  13  nixes  ranging  from  {J7  nquaro 

f(»,et  to  SOI  JO  scjuare  feet  heating  surface. 
125  psig  and  ISO 


Tul»o 


Threw  Drum  Low  Head  Water 
built  in  rmtneroim 


Type  T)e*ignation  TicMkerm 

Tifcusyillo  Ticotherm  fc>l«um  Generators 

built  in  13  Hisses  ranging  from  1000  square        

feet  to  5000  square  "foot  heating  surface,     ranging  "from  ?^"  «q"«ftr™f*Htt"To 

I  rcssurcfl  160  psig,  200  prig,  250  p»ig  and     square'  feet  heating  mirf net*.    Prcwure» 

psigf  160  2CK)  psig,  25C)  pwig  and  higher. 
Descriptive  feehnieal  literature  w  available  on  ntqiwwt. 
130K 
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Gold    TOP    Heating,     nC.       Combustion  Engineering 

P.O.  Box  1JW1,  Butte,  Montana    «    P.O.  Box  331,  Winfield,  Kansas 

MANUFACTURERS  of  •  Truliradiant  Gas  Burners  ©  Demandtrol  Gas  Valves 
*  Gold  Top  Boilers  •  P,D.  (positive  distribution)  Fittings  e  Marine  Type 
Storage  Water  Heaters 


EFFICIENT  and  SAFE 


TRULIRADIANT 
gas  burner  with 
DEMANDTROL 

In  all  type.H  of  steel,  ea«t- 
inm  and  brick  wet  boilorn 
and  furnuce.s  .  .  .  under 
all  operating  conditions 
.  .  .  the  TRULIRAIH- 
ANT  Upshot  Gas  Burner 
with  DK.MANDTUOL 
(Jus  Valve  otters  conaiHt- 
cntly  quiet ,  Hafe,  eco- 
nomical performance, 


DKMANTHOL  boont.s  performance  and  economy  with  automatic  two-stage 
4lHi^h  Fm*M  for  peak  dem.untlH,  "Low  fire"  when  the  loud  lightens,  ft  ac- 
dus'ateh  niefern  the  amounts  of  ,s(»coiulai\v  air  a,diuitted  to  the  firebox,  iuiiiiiui/eH 
eraft  lo^es,  and  nut«fina<ieallv  inaintairiH  the  correct  ratio  of  fuel  to  air. 


The  TKULIUADIAXT  Burner  flame 
pattern  and  disposition  are  carefully 
calculated  to  yield  full,  efficient  com- 
huHtum.  See.  how  th<k  tip  of  <*ach  llaine 

contucLs  the  ambient  wide  of  the  adjac(knt 
radiant.  Olwcrve  the  ch'ar  path  left 

open  for  ample  neeondjtry  air  to  gain 
aecesH  to  each  i  dividual  flame. 


The   TIMfUUAl)IANT    Bnnter    unit    ban  only   three 

punph*  pnrtH:  n»«uJfracf*»ry»  port  ca,p?aml  venfuri,  rFhe 
g:i'H  jxirtj*.  being  located  at  thenidtMtf  the  biirfjer,  cunriot 
IKMMIHIC  clogged  with  wait*  or  biU  of  n*fnt(?tory.  Inolnted 
from  the  iisHpinifion  of  air  and  KIIH,  t.he  iruHtilfractory  IK 
profeelfd  from  irre^uljir  cooling  that  would  Bhorten  itw 
lilV,  The  sfx'Hai  l*emendd«»hapeH  nuliuntn  protect  both 
lliebuntewiuid  I  lie  firebox  lining  from  high  "temperature 
diHfoHioti  an<!  warpngo,  and  help  to  lengthen  the  lifu 
of  the  boilur.  THt'LIHADIANT  Burnem  are  available 
in  n  complete  range  of  «ix<»»  to  fit  large  or  ninal!  fire- 
JHtxen,  narrow  f»r  wJd<%  and  for  ga»  priwures  up  to  »H  Ib, 


9  write  for  complete  catalog  information 

KICW 
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^-_;^         Sonner  Burner  Company 

=RflNKlRn=   Designers  and  Manufacturers  of  Gas  Conversion  Burners 
^TOBUHNEpflF 

^«^ 


Offices  and  Factories:  WInfield,  Kansas 


Sonner  Gas  Conversion  Burners  are  a  product,  of  a  quarter  century  of  specialization 
in  the  design  and  manufacture  of  efficient,  quiet,  economical,  easily  installed  gas 
conversion  units.  Their  efficiency  ratings  in  service  tests  often  equnl  or  even  excel 
those  of  gas  designed  equipment,  and  their  sturdy,  heavy-duty  construction  assures 
safe,  efficient  service,  with  a  minimum  of  attention  or  care  over  a  long  term  of  years. 
Many  Sonner  installations  made  20  years  or  more  ago  are  still  in  daily  use.  A  uide 
range  of  flexible  designs  provides  a  Sonner  Burner  that  will  yield  maximum  efficiency 
and  satisfaction  in  all  kinds  of  service-  domestic,  commercial  or  industrial  in  any 
type  of  heating  plant  or  boiler,  large  or  small.  Realistic  consideration  of  installation 
needs  is  inherent,  in  all  Sonner  designs,  so  that  correct  installation  can  be  completed 
in  the  shortest  possible  time,  with  minimum  alteration  of  the  existing  plant,  Sonner 
Engineering  Service  is  available  for  advice*  at  all  times. 

TYPE  L-49  HEAT  MACHINE  is 
designed  specifically  for  the  efficient 
conversion  of  residential  heating 
plants  to  gas.  It  is  engineered  for  envy 
installation  and  neat  appearance, 
being;  especially  suitable  for  us*1  in 
basements  or  exposed  locations  used 
a,s  living  or  recreation  quartern.  The 
burner  {.^completely  automatic  and 
is  listed  in  ,U*M  I>ireetory  of  up 
proved  appliances,  This  bent  machine 
is  available  in  two  si/en  with  eapjtei 
ties  ranging  from  ".*>,(  X 10  to  UfHMHH) 
Btu  per  hour.  Catalog  l!»  L  2R, 

TYPE  L(V  SONNER  BURNER  ;iflonls 
high  ellicjeney  in  large  heat  tug  and 
power  hoilern,  combined  with  ability 
to  handle  ;i  wide  range  of  fuels,  from 
manufact ured,  mixed  ami  natural 
gases  to  liquefied  petroleum  gases. 
The  most  desirable  flame  charneter 
iwtieH  for  any  fuel  an*  ejiyilv  main 
tnined  b\  ait  air  shutter  and  orihVe 
ueedle,  adju«tal»le  from  out>ide  the 
boiler.  Narrow,  deep  slotted  ports 
[provide  "fbishfmrk"  n^islann*  nnd 
excellent  neeomlarv  ;tir  npplicatioit. 
Standard  aHH(»nibii!*>i  from  ;0)JK»I!  fo 
7;2(Kj,IKKI  Btti  per  hour  an*  d«wrtbe*l 
in  ('at,  4!!'  I  A'  I,  Sfwciit!  ns44»tiif»(i<*H 
are  also  availnblc  if  r*«fj{iir4*fl, 

TYPE  D  SONNER  BURNER  oflWs 
cmupl(*l(*  f!r\ibiftt\'  fur  alt  l\|M»8  and 
His«'Hof  boiler*  IUH!  pl;i»«t^,  resident  in! 
to  very  large*  coiuntctriui.  If  tVaturrs 
the*  cxdiwivf*  4*I(f*v«*rM«'  Flow'*  Burner 


practically  Mleiit  ciifiibtwfmn  suid 
Krent  operating  economy,  Type  **£>" 
Burner  TiillK  eiui  be  r«*.'i(Iil>*  iimni 
folded  into  exm*fly  the  correct  ni/e 
and  Hhupc  of  burner  for  any  kind  of  firebox,  Thin  IH  jtecoinpIiHlted  bv  an  unjiuule<l 
number  of  manifold  arnuigementw  made*  available  bv  twins  Hingl.v  or  in  cmtthlmtf  ion 
the  ,'il  Htimdard  Kindle  gan  nupply  manifoldK,  For  dHmlnm*  (fuf*,  ((\  I)  i, 

Send  for  the  Sonner  Catalog  covering  complete  Hum  today, 
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The  Webster  Engineering  Company 

1 15  South  Frisco  St.,  P.O.  Box  2108 
Tulsa,  Oklahoma 

Division  of 
SURFACE  COMBUSTION  CORPORATION,  TOLEDO,  OHIO 


FOR  STEEL  FIREBOX,  SECTIONAL,  WATER 
TUBE  and  HRT  BOILERS 


SERIES  F600 
Low  Pressure  Gas 

This  is  an  outstanding  vertical  atmos- 
pheric vcnturi  gas  burner,  with  the 
radiant  refractory  top  that  utilizes 
.straight  natural  gan  and  mixed  gas  to 

SM  Btu  at  prcHHurcB  from  2*V.o.  to  S 
ounces,  Serien  FOOO  Burner  AHHCinblieH 
arc  available  with  ratings  from  S0>000 
to  IO,(MXMKX»  Btu/hr  for  firing  all  typos 
of  steel  firebox  ami  sectional  boilers. 

SERIES  200 

Intermediate  Pressure  Gas 
with  Combination  Oil. 

The  Series  2<K)  Webnter  Radiant  Com- 
bination ( Jas  and  Oil  Burner  in  a  straight 
atmospheric  horizontal  firing  assembly 
that  tuak**H  it  po«wblo  to  utilize  natural, 

wixwl  or  manufactured  gan  in  combina- 
tion with  all  types  of  fuel  oil* 

Recommended  for  application  to  refrac- 
tory furwwsH,  it  w  designed  for  firing 
Witter  Tube  aud  HUT  bo*tlc»nt  when  oil 

fuel  IH  u««cl  over  extended  periods  and  a 

gm  pressure  of  at  least  1  lb  m  available* 

SERIES  1 

Low  Preistire  Gas 

tad  Standby  OIL 

It  in  a  1CJC)  per  cent  secondary  air-hor* 
isstmtai    firing!    multi-jet    burner  that 
equally    well    with    natural, 


It  is  suitable  for  firing  Water  Tube  and 
HRT  boilers  and,  should  design  condi- 
tions prevent  the  use  of  a  vertical  burner 
Huch  as  SerioH  FOOD  or  Series  650  or  the 
KINETIC  burner,  the  Series  1  will 
prove  very  acceptable  for  firing  ateel 
firebox  and  sectional  boilers  when  com- 
bustion npacc  Is  not  limited* 
KINETIC 

Low  Pressure  Gas 

and  Standby  OIL 

Cong  Is  ting  of  a  multiplicity  of  full 
vonturi  mixers  with  flame  retention  noss- 
zles  aHHombled  in  a  metal  oa«in#  com- 
plete with  pilot  and  louvro,  the  KI- 
NKTICJ  burner  in  prenentod  aa  the  latent 
addition  to  the  Webster  lino  of  firing 
equipment.  It  may  be  U8ed  with  nat- 
ural, mixed  and  liquefied  petroleum 


Being  a  multiple  head  assembly,  the 
Kinetic  burner  can  be  supplied  in  any 
size  or  Hhape.  The  firing  of  Hootch 
Marine  boilern  with  extremely  low  pres- 
sure gas  without  noise,  vibration  or 
electrical  power  and  with  minimum 
furnace  draft  wan  the  solo  objective 
when  the  Kinetic  burner  was  developed* 
When  design  conditions  preclude  the  use 
of  a  vertical  burner  hi  a  »teel  firebox  or 
sectional  boiler,  the  Kinetic  burner  ia 
highly  recommended  m  the  w*xt  bent  gas 
application. 
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Ace  Engineering  Company 

1435  Wast  15th  St.,  Chicago  8,  111. 
"Custom  Engineered  Oil  Burning  Systems  Since  1931" 


The  Ace  Uniflow  oil  burner  is  built  in 
ten  sizes  to  burn  all  grades  of  fuel  oil. 
The  oil  pump  is  available  cither  as  an 
integral  part  of  the  burner  or  as  a  sepa- 
rate unit,  depending  upon  the  job  re- 
quirements. Standard  models  include 
both  belt  and  direct  drive  and  for  opera- 
tion with  all  electrical  current  character- 
istics. 

The  Ace  oil  burner  features  as  standard 
equipment  the  patented  Ace  Uniflow 
valve,  which  permits  constant  uniform 
flow  and  flame  regardless  of  oil  tempera- 
ture or  viscosity. 

Approved  by  UndvniwUwn'  Lahuni 
toric$t  Inc.,  New  York  Hoard  of  Mawf- 
ards  &  Appeals  and  the  M/«/r«  of  *|/MNW.» 
chnsctlx  and  (Jonrwcticitl,  these  burners 
are  designed  to  oil  fire  commercial  and 
industrial  boilers  in  the  capacity  ranges 
as  shown  below. 


TECHNICAL  DATA  AND  SPECIFICATIONS 


Humor  Si 

12 

14 
15 
16 
17 
18 
19 
20 
22 
24 


Maximum 
<!.  P,  H, 

H 
15 

n 
;to 

45 

70 

85 
10U 
130 


Uoiler 
Ilorwo  Power 

24 

45 
WO 


210 
255 

3M 
4(X) 


S<i,  Ft,  Htmm 

Kndifttimt 

«,;»M 

w,  ooo 

H.8WJ 
12,000 
18,  (HW 
28,<K«> 

;i4,(KKI 
-HI,  MO 


•  H,  I1. 


ACE  AIR  NOZZLE 
(Patent  PwuUng) 


The  Ace  vurittblu-yHnod  air  noxxl^  pi»r- 
mitfl  acouraits  ttffimmit  Hhapin^  of  tht* 
flames  to  confortu  with  th«»  «hfi|«»  of  tlw 

coinbuHtion  chambtsr,  Th<*  ajiglc  of  lht» 
vaneH  can  easily  b«  e!iaiigi»«I  in  tht*  Iwld 
to  any  dueirad  petition  f,«*  niiit  th«  hoilt*r 
roquiremontu  &nd  thiw  iti«ur«  tt«* 
mum  flame  without  oil 


BEND  FOE  ACJK  MANUAL 

FREPARKD  SPECIFICALLY  FOR  ARCHITECTS  AND  KNGIXKERK, 
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Automatic  Burner  Corp. 

1823  Carroll  Ave. 
Chicago  12,  111. 


rHEVTRADE  MARK  OF  QUALITY  OIL  BURNERS  FOR  29  YEARS 

PRESSURE    TYPE    OIL    BURNER 

Model  55 

Here  is  the  burner  which  moots  every  de- 
mand of  the  complete  range  of  domestic 
heating  needs,  It  combines  beauty  of  de- 
sign, excellence  of  engineering  and  precision 
production  .  .  .  to  deliver  guaranteed  per- 
formance, The  Model  f)f>  mounts  directly  to 
the  boiler  by  means  of  a  flange,  accurately 
machined  for  precise  fit.  Its  Jth  hp  motor 
insures  trouble-free,  amazingly  quiet  opera- 
tion. It  is  attractively  finished  in  the  non- 
ruHling,  wear-resiHtunl  beauty  of  Hammer- 
loid.  Available  in  .standard  and  odd  cycles 
and  voltages, 

PRESSURE    TYPE    OIL    BURNER 
Model  52-A 

Thin  gun  type  oil  burner  has  the  famous 
ABO  Oilairator  mechanism  that  atomizes 
the  fuel,  mixes  it  with  air,  and  delivers  it 

with  correct  twist  and  velocity  to  insure 
complete  combustion.  The  ABO  noxxle,  to- 
gether with  the  jjroper  choke  and  turbulator 
guarantee's  precise  control  and  flexibility 
.  .  .  guarantee**  a  thoroughly  Hatisfaetory 
economical  home  heating  unit.  (Capacity 

o.r>  ton.ogph, 

PRESSURE  TYPE  OIL  BURNER 
Model  53 

Delivers  from  70IMKK)  to  2/0MKK)  Bt.u  for 
.safe, dependable, economical  oil  burner  per- 
formance in  small  lo  medium  HtectiKactorie.s, 
schools,  churches,  hospitals  and  similar  in- 
stallations, I  las  dual  ignition  and  dual  no/,- 
y.les;  an  eh'etrieall.v  operated  bypass  valve 
for  (iiiick,Htire  shuiolT;  hinged  transformers; 
built  in  safety  combustion  eontrol  vvhiett 
<kliminutes  iteerl  for  any  Htack  relay;  aii<l 
other  original  ABO  feu  lure**.  Available  in 
12  sixes;  5  to  12  gph  and  7  to  IK  ^plt, 

ABC  .  *  *  MAKERS  OF 

Domestic   Boiler   and    Furwww    Unitn  .  *  , 
HurnorH  .  .  ,  Wal«r  Heatern  ,  ,  .Hjm« 
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Combustion  Equipment  Division 

TODD  SHIPYARDS  CORPORATION 

81-16  45th  Avenue,  Elmtmrst,  Queens,  N.  Y. 


Now  York,  Brooklyn,  Hoboken, 
Newark.  Philadelphia,  Harrisburg, 
York,  Pittsburgh,  Buffalo,  j Rochester, 
Boston,  Springfield  (Mass.),  Baltimore, 
Cleveland,  Birmingham,  Washington, 
Richmond  fVa.),  Raleigh,  Charleston 
(S  C.),  Atlanta,  Tampa,  Mobile, 


Shrcvcpi  )rt-,  New  Orleans,  Chicago, 
Detroit,  (Jrand  Rapid.N,  I)<»nv<>r,  Salt 
Lake  City,  Sun  Antonio,  Oulln.x,  (}ulv<^- 
ton,  Houj-ton,  Tulsa,  LOH  Angeles,  San 
Francisco,  Seattle,  Montreal,  Toronto, 
Burnmquilla,  Buenos  AiiVM,  London 


THE  TODD  HEX-PRESS  REGISTER  in 
combination  with  the  TODD  "VEE- 
CEE"  VARIABLE  CAPACITY  BURNER 

.  .  .  makes  possible  increased  combustion 
efficiency  under  almost  any  type  of  boiler 
of  100  hp  capacity  or  larger,  operating 
at  50  Ib  steam  pressure  or  higher. 

It  provides  equal  efficiency  ^ under 
either  forced  or  natural  draft  conditions. 
The  Ilex-Press  Register  assures  the  most 
intimate  mixture  of  oil  and  air  as  well  us 
quicker,  more  complete  combustion  .  .  . 


with  minimum  draft  IOHH  at  high  capacity 
.  .  .  effecting  great  economy  in  mainte- 
nance and  mntoriiilly  reducing  fuel  costs. 

Through  the  exclusive  "variable 
range"  feature  of  the  *'Voe-(Jc<»"  Burner, 
practically  unlimited  firing  range  is 
assured  .  .  .  without  change  of  burner 
tips,  oil  delivery  pressure  or  angle  of 
spray. 

Constant  steam  pressure  eau  be  main- 
tained regardless  of  demand  .  .  „  chang- 
ing load  requirements  are  met  instantly 
under  manual  or  fully  automatic  control. 


COMBINATION  GAS  AND  OIL  BURNERS 


For  Natural  or  Rciinery  Gas  and/or 
Fuel  Oil.  Available  in  wide  range  of 
capacities.  Quickly  adjustable  for  the 
combustion  of  either  fuel  alone,  or  both 
in  combination.  Of  special  values  where 
fluctuating  comparative  costs  of  these 
fuels  call  for  equipment  suited  to  change- 
over without  time-consuming  structural 

changes. 

Maintenance  and  operation  are  re- 
duced to  a  minimum  by  compactnesn  and 
simplicity  of  design  ,  ,  .  accessibility  of 


For  firing  high  or  low  pressure  steam  or 
hot  water  boilers  of  all  typen  .  .  .  in 
smaller  factories  and  industrial  planta, 
laundries,  dryers  and  cleaners,  oflico 
buildings,  hotels,  apartment  houses* 
Also  applicable  to  industrial  ovctm,  kilns, 
etc.,  where  furnace  and  general  physical 
conditions  permit. 

Available  with  manual,  semi-auto- 
matic or  fully  automatic  control  .  .  .in 
varying  sizes  and  types  .  .  .  for  burning 
light  or  heavy  oil* 

Horizontal  atomizing  cup  i«  rotate<U>y 
direct-connected  electric  motor,  assuring 


all  parts  .  .  .  rugged  construction  and 
positive  overall  efficiency, 

Denign  features  eliminate  possibility  of 
escaping  gas  due  to  structural  diHtortion 
.  ,  .  prevent  stratified  (minimal  ton  ronult- 
ing  from  improper  air  distribution  and 
high  gun  pressure. 

Providing  wiilinont  flexibility  to  care 
for  varying  loads,  these  units  assure  high 
furnace  temperature  ami  radiant  heat 
transfer  with  low  stack  temperature  *  ,  , 
thorough  mixture  and  optimum  air-fuel 
ratio  with  utmost  ease  of  adjuHtmcnt. 
ROTARY  FUEL  OIL  BURNERS 

eonwtunt  firing  as  long  an  motor  in  in 
operation.  Motors  ant  of  extra  large 
frame  sisse,  air-cooled  and  built  to  with- 
stand long,,  hard  service.  Positive  idr-oll 
interlocking  device  atiioinittirally  shuts 
off  oil  supply  following  any  burner 


Of  rugged  tfoitHtruction  .  ,  .  with  all 
parttt  easily  ucocBftiblo  for  <?h*atang  or  re- 
newing «  «  .  thotw  burxwrH  provide  &  flexi- 
ble capacity  rangt%  with  complete  und 
effidtfnt  coinbuMtion  und^r  widely  fluctu- 
ating loads, 

TODD  MANUFACTURES;  Mechanical  Pressure  Atomizing  Oil  Burwtrn  VKK- 
CEK  Variable  Capatuty  BurnorH"-IJorisjontal  Rotary  Oil  HurmtrH-OinitirniufC  Air 
Registers  for  Natural,  Assisted,  Induced  or  Forced  Draft- -Iniudt*  Mixing  St«am 
Atomizing  Oil  Burners—Combination  Gas  and  Oil  Burnere-  "Furnart;  Doorn  and 
Interior  Castings  for  Converting  Howden  Type  Furnace  FrontH  to  oil  firing  "Oil 
Burning  Galley 'Ranges—Oil  Heating,  Pumping  and  Straining  Equipment-  HcatiNl 
Air  Generators. 

All  installations  of  Todd  Equipment  are  always  individually  engim^red  to  fulfill 
specific  requirements.  Send  for  dwicriptive  literature, 

Todd  engineers  are  always  available  for  consultation  and 
analysis  of  combustion  problem^^Mhout   obligation* 
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Enterprise  Engine  &  Foundry  Co. 

BURNER  DIVISION 

18th  &  Florida  Sts.,  San  Francisco  10,  Calif. 

Distributors  in  Principal  Cities 


OUTSTANDING 

METERING  PUMP 
FEATURES; 


ENTERPRISE  V-BELT  HORIZONTAL 
ROTARY  TYPE  OIL  BURNERS 

Kuterprae  burners  are  completely  self -contained. 
The  fan  and  atomizing  cup  are  mounted  on  a  rigid 
tubular  shaft,  of  ample  inside  diameter  to  allow 
even  flow  of  oil.  The  burner  shaft  is  mounted  in 
ball  bearings  and  is  V-belt  driven.  Shaft  rotation 
speed  ia  t  maintained  regardless  of  motor  RPM. 
Ihe  flexible  drive  arrangement  permits  inter- 
change of  modern  typo  motors. 
Oil  motored  into  burner  passes  through  main  shaft 
to  atomizing  cup,  then  into  primary  airstream, 
where  it  is  converted  to  a  combustible  fog.  Air 
surrounds  each  drop  of  oil,  giving  the  right  density 
for  complete,  efficient  burning. 

BURNER  CAPACITIES 


L  Fully  field  tested  un- 
der "pm('M('al  operat- 
ing cumditioiw. 

2.  ClonHtant  oil  delivery 
regard  I  CSH  of  viscosity 
changes. 

3.  Two-stage     unit,     in- 
cludes   primary    gear 
pump   and   secondary 
metering  pump. 

4,  Adaptable    for    auto* 
mafic  modulating  con- 
trol or  manual  control. 

5,  Oil  reservoir  provides  self -priming, 
and  bleeds  air  through  line  in  e.UHe  of 
leaky  suction  line, 

IL  Klimi nates  relief  valves  and  oil  pren- 

Hure  udjustmontH* 
7,  HHminateH  metering  valvwt. 


Hur- 

TttT 

"  HI*" 

Ktwuu 
240 
BTU 

Hot 
Wator 
150 

ivrr 

j 

'Boiler 
i   HP 

j 

Oil 

Tf.  S, 
Clalw. 

Hour 

^Oil 

Yt"  ' 

Hr. 

<;»',  kt, 
Tor 

(JrOHH 

Ship- 

Vvtf- 

AA 

1/4 

1,050 

2,r»fio 

1    12 

4 

14.7 

000 

280 

A 

1/4 

2,  BOO 

4,  SOD 

20 

7 

25,7 

1,050 

2MO 

(  * 

1/2 

MM 

9,000 

40 

15 

M 

2,2f»0 

350 

K 

1/2 

9,000 

14,400 

(15 

22 

HI 

3,800 

380 

t 

tf\  tK)t) 

25  ,  500 

115 

35 

128 

5,250 

600 

112 

i 

2Ii  ,  0(H) 

3(J  7f>0 

U15 

50 

1H3 

7,500 

580 

*J 

31  flOO 

5«MW 

225 

70 

257 

10,500 

750 

K2 

2 

4ft!  1(10 

7*i  750 

lino 

too 

307 

15,000 

750 

i,  a 

11 

152  *j(){> 

l«o!«f)0 

450 

135 

40ft 

20,250 

KOO 

Ml! 

5 

i)0,(KK) 

145,  ami 

-  (150 

200 

735 

30,000 

850 

8.  Pump  completely  Immersed  in  oil. 

9.  HmluecB  pressure  on  return  lino. 

10.  Secondary  metering  pump  adaptable 
to  gravity  typo  heavy  oil  burnern  op- 
erating from  single  pump  sot.  Allowa 
reduced  procure. 


COMBINATION  OIL  AND  GAS  BURNERS 


K«ti»rpri«*'  OH-duH  Hunn*r8  oun  iw  uncui 
with  wiiichrvrr  fu*4  Ls  i«c>r<t  nuwlily  «h- 
tahuthic*  Tin*  KJIH  unit  i«  a  ring  typik, 
tn«ltiji*t  li<*utl  moiwUjd  on  wtandanl 
burxtiT,  with  primary  air  f«»r  ititlutr  fuel 
supplied  l»y  im*  Htini«  fan,  Citw  j<tt  orl- 
fic3«*H  «r*f  factory  drillwl  for  individual 
rcu|Uinniic*tite  d<fpcii«ltiig  upon  pnwauro, 
«p*vifie  gravity  and  Btu  content  of  ga«* 
Hurwr  oprTUtion  ftnd  ftrttbox  eoriHtruc- 
tit»a  are  thcs  wirut?  with  either  fuol. 
BuriuTH  are  avnilublc  with  manual,  8«»ii 
or  full  automatic  control.  A  conatunt 


burning  ga«  pilot 

fuel  I 


advinablc  wlutn  gas 


In  all  combination  gas-oil 
and  in  large  oil  nmtallatiwiB, 
control  H  arc  rc?coinmeiidud.  Automatic 
burn«r«  are  aupplied  with  Htaadard  gan- 
ulcetrie  ignition  and  can  bet  arntng;<i<i  far 
jsonHtant  gas  pilot  with  ga«  fuel,  aiul  far 
sntttnnitt(*nt  pilot  with  oil  fuel.  Pilot 
Is  aufcoiiiatically  lighted  for  each  start 
and  ftxtinftuishttd  when  burner  tthnts 
down  on  fiaJfcty*  Enterprise  factory 
cngifieer«  shoulcl  be  consulted  forcom- 
plete  wiring  diagrams, 


Enterprise  Burners  are  Approved  by  Uwlf.rwriter*1  Laboratories >  Inc* 
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S.  T.  Johnson  Co. 

Builders  of  Domestic  and  Commercial  Oil  Burners 
940  Arlington  Avo.,  Oakland  8,  Calif. 
401  No.  Broad  St.,  Philadelphia  8,  Pa* 


Self-storage  water  heaters,  separate  burner 
units,  burner-boiler  units,  conditioned  air  units, 
range  burners  and  various  specialised  items  com- 
prise the  line-up  of  Johnson  light-oil  Burners. 

There  is  a  wide  range  of  sizes  and  capacities  in 
each  classification  with  which  heating  engineers 
and  contractors  can  successfully  meet  every  type 
of  problem. 

Every  Johnson  Burner- 
is  bucked  by  an  unbroken 
record  of  fine  engineer- 
ing and  excellent  craft  H- 
manship  tlnil  dales  back 
lo 


BANK  HEAT 
BURNERS 

Fully  auto- 
matic, pros- 
sure  atom- 
izing type, 
Sixes  up  to 
2Ugph. 


ECONOLUX 

HEATERS 
Fully  auto- 
matic Steam 
and  Hot 
Water  TnttH, 
lf>0  to  MO 
Mbh. 


SELECTAIR 

HEATERS 
Hot  air,  hot 
water  o r 

ntcam   heat. 
3   g  i  %  a  s  , 

Ban  khc*at 
Burners* 


HEATLUX 

HOUSE 
HEATERS 

Fully 
nmtic 

beat 
e  r  H  . 
water 


AQULUX 

WATER 

HEATERS 


Bank 
Burn- 
Hot 
heat. 


H  t  o  r  age, 
C'apjic  i  ty  : 
UK!  to  5'«> 
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S*  T.  Johnson  Co. 

Builders  of  Heavy-Duty  Industrial  Oil  Burners 

940  Arlington  Ave.,  Oakland  8,  Calif. 
401  No,  Broad  St.,  Philadelphia  8,  Pa. 


Johnson  Industrial  Burners  are  designed  to  operate  on  Heavy  Oils  which  produce 
ext  ra  heat  at  low  cost.  They  increase  the  capacity  of  equipment  formerly  fired  with 
coal  and  produce  desired  steam  pressures  more  quickly.  Automatic  regulation 
permits  the  boiler  to  operate  with  maximum  efficiency  at  any  specified  steam  pres- 
sure, without  watching,  care  or  attention,  thus  reducing  labor  costs. 


They  have  been  installed  with  marked 
Huce.eHH  in  hot  eta,  hospital**,  factories, 
olfiee  buildings  and  other  large  structure** 
all  over  America  because  they  provide 
heating  engineers  with  a  wide  range  of 
capacities^  and  with  every  desired  feature 
of  economy T  performance  and  automatic 
control. 


In  design  and  construction,  Johnson 
Hunters  combine  modern  engineering 
teehniqucH  uilh  the  "know  how1'  and 

skill  aecfuired  in  47  yearn  of  practical 
experience  in  building  fine  oil  burners. 


t 


TYPE  30  A.VH 

Fully    automatic.    Pre- heater    type. 

Hun'm  No.  0  Oil,    Six  HiaeH,  20  to*  B(X) 

horne  power  output. 


TYPE  30  AV 

Fully  uutoiimiic.     Burns  Xo,  5  Oil, 

Six  HI  /»<***,  2  to-  lOfl  gph, 


TYPE 

Manual  iu»l  s«»nii  uutaniutU*.  With  or 
without  built  -in  pumptt*  Burn«  No.  5 
and  No,  *J  Oi!«.  Heven  wiwH,  2  to 
135  g{>h.  IHuKtnttion  «how«  burner 
Hwuug  away  from  lire  hole-platt*  for 
<fasy  inspect  ion, 
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Burner  Co. 

Head  Office:  San  Rafael,  Calif. 

Factory  Representatives  in  18  Principal  Cities 


Trade  Mark 


Natural  Draft,  Automatic,  Electric  Ignition, 
Vaporizing  Burner 

Natural  draft  vaporizing  burner,  specifically  de- 
signed for  low  cost  catalytic  furnace  oil  and  lifted  by 
the  Underwriters'  Laboratories,  Cutaway  model 
shown  in  typical  conversion  installation  (with  con- 
trols attached)  is  fully  automatic,  with  electric 
ignition  (no  pilot  light)  and  thermostat!**  control. 
Manually  operated  models,  which  do  not  require' 
electricity,  are  also  listed  for  low  cost  catalytic  oil. 
Seven  sizes;  ,1  qt  to  21  o  gal  per  hour. 

Fully  Automatic  Oil  Burning  Floor  Furnace 

These  low  cost  units  an*  factory  assembled ,  includ- 
ing  all  controls,  ready  to  hang  in*  floor,  Kasy  instal- 
lation, no  basement^  needed,  Natural  draft  vaporiz- 
ing burner,  automatic  operation,  with  electric  ignition 
and  thermostatict  control.  Inexpensive  to  operate. 
Lusted  by  Underwriters*  Laboratories  for  low  cost 
catalytic  furnace  oil,  Two  sbes;  Xwo,  70-47  oOjMX) 
Htu  output  (22  in.  wide*  x  &S  in,  lonir  x  41  in,  hkhl- 
No,  lOO-47~-75,(X)0  Btu  output  (±»  in,  wide  x  40  in! 
long  x  45}  -j  in,  high). 


Utility  Room  Furnace 
Ideal  for  modern  homes 
without  basement.  Com- 
pact, lils  neatly  in  small 
utility  room.4  '  Overall 
ske:  20  in.  wide*  x  Ji2  in. 
deep  x  73 J 2  in.  Very 
high  efficiency.  Two 
intern,  Hi  in,  i  20  in.  x  2 
in,;  0  in.  blower,  1000 
cfm  capacity  at  fa  in. 
SI*.  Cold  air  return  bot- 
tom or  widen,  84,000  IHu 
output. 


Coil  Type  Water  Heater 

For  radiant  hunting  in 
small  hom»»s  or  for  hot 
water  .supply  in  indus- 

trial and  coinnH'iTwi  tine, 
Kmployrt  w*parate  hot 
water  ^  storaw?  tank, 
Two  KU**S:  No. 

Htu 
f'SO'  riH«» 

output,  250 

f/HO*  riniM, 


.  "- 
tu  witiwt,  toO 
riH«»);  No,  2.*SO  - 


Winter  Air  Conditioner 

Size  A,  85,000  Btu  out- 
put, KissoB,  125,000  Btu 
output.^  Mult  I  vane 
blower,  filtorn,  vaporis- 
ing burner. 


Ceiling  Furnace 

luduH t rial  o v er h <i ad 

heating  savo«  floor  «pacc. 
Uuitn  are  factory  anncm- 
bled » including  vaporizing 
oil  burner  (no  refractory 
brick  HavciM  much 
weight f ,  thermostat!  c 
^  control,  high  capacity 
*  htjat  distributing  blower 
with  J,J  hp  motor.  Con- 
forms to  requirement  of 
the  r/K/fwriYf/V  L<th* 
orttlv'fiw  for  u«i?  in 
garagim.  140,000  Btu 
output, 


A  complete  line  of  oil-fired  small  home  totting  units 
—plus  special  industrial  units  of  moderate 
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Burners 


C.  L. 


flVFIELD 


AUTOMATIC 


Company 


2010  18  S.  HaLsteud  Street,  Chicago  8,  Illinois 


RAYFIELD  BURNERS  for 
No.  4  or  No.  5  HEAVY  OILS 

Model  JR.   4.00  to  5.00  gph. 
Model  D4    3.00  to  12.00  gph. 

These  fully  automatic  burners  are  de- 
signed 1o  provide  efficient  heating  with 
the  cheaper  grades  of  oil.  Both  models 
an*  all -electric  operating,  self-lubricat- 
ing and  have  self-cleaning  nozzles  for 
long,  trouble-free  service.  By  utilizing 
tin*  low-priced  fuels,  those  units  keep 
heating  costs  loji  minimum.  Ideal  for 
mualler  commercial  and  industrinl  appli- 
cation. 


A»r  AV  Sjtr  AV  $  Oil* 


HEAT  RECLAIMERS 

Just  what  its  name  implies,  (he  Uayfield 
Heat  Reclaimer  saves  and  utilises  heat 
now  wanted  by  going  up  tin*  chimney. 
The  hotter  the  stack,  the  more  henf/it 
reclaims,  This  unit  increases  the  output 
of  any  gravity  warm  air  furnace.  It  in 
easily  installed  on  boilers,  furnaces  or 
stoves  heated  by  coal,  gas,  oil  or  wood. 
Heats  basements,  play  rooms t  garages, 
etc,  Low  in  price,  fully  automatic,  Kasy 
to  install. 


SHELL  COMBUSTION  HEAD 
OIL  BURNERS  for  No.  2  or  No.  3 

CATALYTIC  OILS 

2  models  LOO  to  3*00  gph. 

The,  Hhell  head  givfCH  Higher  COa  values, 

lower  atack  teniperatun^  fn^Mlom  from 
wnoke  and  soot*  Draft  requirements  are 
not  critical,  Result  tt  in  a  saving  of  It 
per  cent  to  *M  per  <*ent  of  fuel  require- 
incntK.  iVrf<fcct«Ml  combustion  keepH  boil" 
erw  clean,  }*r(»cision  parts  atnl  nounti 
engineering  hwure  quiet  opera!  ion  free 
from  vibration  or  pulsation.  Here  in  the 
ideal  replncement  oil  burner  for  Hywtemn 
uning  light  catalyttt*  fuel  mln, 

Also  ROTARY  BURNERS  for  No.  5  or 
No*  6  HEAVY  FUEL  OILS 


ifiex  of  15  to  Ifl5  gr>h  nre  avntluhh11 


Heating  Systems  *  Burners,  on 


Petroleum  Heat  &  Power  Company 

Main  Office  and  Factory:  Stamford,  Conn. 
"Since  1903"  .  .  .  Good  Oil  Burning  Equipment .  .  .  Fuel  Oils 

DOMESTIC 
OIL  HEATING 
EQUIPMENT 


PRESSURE  ATOMIZING  DOMESTIC  BURNERS 


Models  P  20-A,  P  20,  P  21,  P  22 

Applicable  to  steam,  hot  water,  or  warm  air  systems. 
Burn  No,  3  fuel  oil  (or  lighter),  heaviest  and'  lowont 
priced  fuel  oil  approved  by  Underwriters  for  domestic 
use.  Constant  electric  ignition  for  reliable,  safe  opera - 
"  tion.  Order  or  in- 

quiry should  wpoci- 
fy  the  type,  nixo 
and  rating  of  boiler 
or  furnace  to  be 
fired,  togothrr  \vith 
the  total  load. 


Models  P  12,  P  I3-A,  P  13 


Applicable  to  hoating 
and     oth<*r 


Approved  for  Xo,  tt  (or  lighter!  fuel 


/'  wnwntr 


buildings, 


UNITS  AND  HEATERS 


Burner 

Nosrall* 

Total  Capacity     ;      . 

*„    ,        (      Artti 

Model 
Number 

Rizo  CJal 
per  Ilr. 

Stoarn 
Hq  l('ti 

lint 
Wat  IT 
S«j  Ft 

Hw)!t 

P-20-A 

1,00 

""850 

""  500       (""  12(1 

1,25 

435 

095 

P20 

To 

To 

To 

120 

2.50 

H75 

14  CHI 

2.00 

700 

1120 

"P'2l 

To 

To 

To 

120 

4.60 

1675 

2520 

3.00 

1050 

16  W) 

"P-22 

To 

To 

To 

135 

0.00 

2KH) 

3300 

6.00 

2100 

3JJflO 

P-  12 

To 

To 

To 

1(10 

10.00 

3500 

5000 

9.00 

.1150 

5040 

IM&-A 

To 

To 

To 

Ii50 

12,00 

4200 

12.00 

42(X) 

0720 

p»i& 

To 

To 

To 

250 

18.00 

6800 

10080 

!/  <lVw  tt/frtltt 

Ktonttard  Autamatia 
tttnlw  fw  Mtwm 


two 


l*i?tro 
M,  in 
tu  wild 


,  for 


i*il  for  Hiiiitll  hoint* 
WififiT  Air  <  'ondi- 
titwiT  nit4*f|  7.r).(KX»  Blu  at, 
r<'jciwti*r.  Htiiriigit  Typ^ 
\Vtttor  HftitttTM  <»jM»rutc'  <»n 
\o,  3  oil  untl  h«»itt  121)  gplt 


Send  for  Catalog  of  Petro  Domestic  Oil  Heating  Equipment. 
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Petroleum  Heat  &  Power  Company 

Main  Office  and  Factory:  Stamford,  Conn. 
"Since  1903"  . . ,  Good  Oil  Burning  Equipment . . .  Fuel  Oils 

INDUSTRIAL  AND 
COMMERCIAL  OIL 
BURNING  SYSTEMS 


FOR  UNHEATED 
COMMERCIAL  OILS: 

Model    W-A  '-Automatic  ( ignition    and 

operation  with  .synchronised  control  of 

oil  and  air. 

Mode!      W-SA    Semi-automatic,      i.t\: 

automatic  variation  of  firing  rate  with 
manual  ignition;  also  available  for 
manual  variation  ami  manual  ignition. 

FOR  PREHEATED  OILS:  I1HAVV  NO. 
3,  NO,  K  iBrXKKK  "<'"j  OIL, 

Model  W-AH  Automatic  ignition  and 
operation  with  wynchronixed  control  of 
oil  anil  aii\  and  automatic  control  of 

oil  heutefH, 

Model     W-SAH    Semi  automatic  with 

oil  hentern,  /.<:.:  automatic  variation  of 
tiring  r»t«*  with  manual  ignition;  alw> 
available  for  manual  variation  and 
manual  ignition. 


\\  .3 
\\  'I 
w  a 
\y « 

w  H 

W  -HI 


<*»!  ntir*"iit 


II, 1*. 
J 


Max,  lUtwi 

^r'n^tir',  li.llp, 

11      'i       »7 
15       3       50 

2fi  Hi 

» A        I      t!7 


ftiiil. 

s.tw  ' 


7ft 


!  15 


3311 
4K7 


tllmtnititin  Khowtt  Mttdutrot  At  aunt  fd  on, 


PETRO  MODEL  W  BURNER  is  avail- 
able in  two  typt'H^  (1)  Direct  -Driven, 
which  includes  electric  motor,  fan,  pump, 
rotary  cup  atombor  in  one  H(klf  -contained 
assembly,  tttgcthor  with  air  and  oil  con- 
troln,  (2)  Heltd)rivent  contuining  the 
Ham<;  asncsnibly  UH  above  except  thut  the 
inte'gral  motor  in  replaced  Ixy  motor 
mounted  outHide  burner  housing  and 
arrangcui  for  belt  <lrtvc.  Uctrnovahlo 
rotary  cup  and  nozzle  permit  changing 
nhapc  of  flame  to  suit  any  boiler  furnace 
requirements, 

Interlocking  air  mid  oil  control  tuecha- 
ni«m  perinit.H  any  luinunuin  or  maximum 
operation  recjuired  within  the  burner's 
range  of  operation,  Counter-flow  Angu- 
lar Air  VHIH»H  ut  noxxle  increawc*  air  and 
oil  turbulence  and  aid  efficient  combus- 
tion of  heavy  fuel  oiln, 

Hpeciul  oil  udjUHtiueiit  valv<*  meters  oil 

to  rotary  eup>  yet  pennif«  manual  opera- 
tion without  disturbing  p«»nnanent 
burner  u<iju«tinent. 


PETRO'S  THERMAL 
VISCOSITY  CONTROL 

A  depemlftble  «nd  Jiccuntte  control  of 
viscosity  -  'ftttd  lunice  delivered  itombun- 
tioa  efficiency  in  through  the  heat 
applied  to  the,  oil.  Petrol  Thermal  V'i«- 
eowity  Hy«t«in  controln  thi»  hcat-appliea- 
tion  at  H»  »*tireci, 

Send  /or  catalog  of  Petro  Commercial  and  Industrial  Oil 
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Heating  System 


Oil  Burners 
»  Water  Heaters 
Air  Conditioning  Unit 


401-499  Bornal  Avenue 
San  Francisco  12,  Cal. 


Ray  Oil  Burner  Co. 

Since  1872 

Atlantic  Seaboard  Division 

629  Grove  Street 
^          Jersey  City  2,  N.  J. 

Distributors  in  «»«.~-  Consult  your  local 

All  Principal  Cities  of  the  World  Telephone  Directory 

Products:  A  complete  line  of  Horizontal  Rotary  and  Pressure  Atomizing  Oil  Burners; 
Combination  Oil-or-Gas  Burners ;  Industrial  Gas  Burners ;  Oil  Burning  Water  Heat- 
ers; Winter  Air  Conditioning  Units,  Commercial  Ranges, 


1  to  1000  Boiler  hp 
AG.  Manual,  fierni- Au- 
tomatic. 


Qund-Nauyhtfor 
manual  operation. 


Type  AttJP,  Fully  Au- 
tomatic for  heavy  oil 
r  ignition  not 


Combination    Oil    and 
/liffh  Pr699 
AK-MN, 


Steam     Turbine     I)rivt>         T*  H  ,,t  nwi,  full  if  «nf<>- 
Type  7V/,  «JZ  ^tade^t  t  il,         niftrmi  ttuntfcti, 
Tc»tfd  and  «»/w<»vrf  /or 
rr.  &  AVj/  AV/Ttt'C. 

RAY  HORIZONTAL  ROTARY  OIL  BURNERS 

Built  in  fully  automatic*,  semi-automatic  ami  manual  fype«; 
in  HIZOH  from  1  to  1000  Boiler  hp;  tojmm  all  grnden  of  fuel  oil, 

Standard  models  include  both  direct  and  belt  drivcs^-tho 
bitter  hoing  recommended  for  UHCJ  where  other  than  5(1  or  GO 
Cycles  AC,  or  only  J,)(J  in  available.  Typtw  for  Ht might  olw- 
tric  or  straight  g?iH  ignition;  pump  or  gra\fity  f<»<%dH.  Duvet 
drive  typtw  include  a  flteaiu  turbine  drivtm  model, 

All  fully  automatic  tyjitJH  foj  lutnvy  oil  incorporate  the  Hay 
Dual  Purnp  and  Howorvoir,  with  the  Hay  VISCOSITY  Valve, 
a  patented,  oxclumve  feature  which  autoinutically  nn»f^rH  the 
correct  amount  of  fuel  at  all  tiinen,  regardl^HH  of  rhangtw  in 
viscosity  of  the  oil  duo  to  temperature  variationK.  All  larger 
HizoH  employ  dual  ignition,  for  maximum  notability , 

RAY*  PRESSURE  ATOMIZING  OIL  BURNERS 

Fully  automatic,  for  No.  $  oil  or  lighter.  AC  or  DC;  capaci- 
ties to  18  gal/hr, 

RAY  INDUSTRIAL  GAS  BURNERS 

For  gan  pressures  above  1  lb/nc|  in,  mav-  hi*  twitd  nhitu*  or  in 
combination  with  a  Kay  Oil  Burner.  Built  in  «*I**vi*n  «i/«cw;  in 
capacities  to  43,000,(XX)  Btu/hr, 

RAY  WINTER  AIR  CONDITIONING  UNITS 

Built  in  four  sixes,  with  input.  eftpaelUwt  of  105, (XX),  MO,(XX), 
230  000  350  (XX)  450  fXX)  Btti 

'RAY  OIL  WATER  HEATERS 

Two  siswH,  Capacities;  45  atu!  7»r>  guL  Maximum  wov^r 
rates;  15-t  and  240  gph, 

RAY  OIL  FIRED  RANGES 

AvaUablo  in  HOVCII  mzm  for  matntal  or  fully 
operation. 


h 

i.  Wintur        Small 
Unit, 

1822 


.  Oil  Burners 

Heating  Sl/StemS  *  Water  Heaters 

Air  Conditioning:  Unit 


Ray  Oil  Burner  Co. 


Since  1872 


401 -MM)  Bortittl  Avenue 
San  Francisco  12,  CaL 


^§£       Atlantic  Seaboard  Division 

629  Grove  Street 
Jersey  City  2,  N.  J. 
There  is  a  RAY  Burner  for  every  Heating  Purpose. 


RAY  COMBINATION  OIL-GAS  BURNER 

Type  ARC-131 


Burns  any  grade  of  gas  or 
heavy  fuel  oil  and  the  opera- 
tion i«  fully  automatic  for 
either  /ueL  Prevention 
agaiiust  ignition  or  flame 
failure  one  hundred  per  cent 
elcu*.  ironically  controlled. 
Develops  from  7  to  335 
Boiler  hp,  (Quickly  inter- 
changeable  in  two  to  three 
winut«H.  Other  typcw  with 
choice  of  direct  or  bolt  drive, 
al«o  aiflOR  rated  from  120  to 
1000  Boilorhp. 


HOURLY  CAPACITY  RATINGS  of  RAY  OIL  BURNERS 


!"' 


JF 
XPJ 

XPJ  4 
XI*  2 

«H)C> 
(HI 


!i 
12 
NOTE: 


Hftnt  Ofipucity       Kquivalont  Bq.  Kfc. 
Iiijnit  Thou.  Htu   I    Htftain  lUtimtlnn 


Thmn  »ttitjp  art  f*r«II« 
ii!t»iiblii»  uiidw  tl«*»irnl»l*i 
,  t<* 


Mm.       Miu,       Min. 

1        ,      »          "  '    3  '  ' 

i     ;    4          3 

3        i      H                1* 

8        ;     IB              25 

Max'.  ' 

1    i! 

25 
36 

Min, 
110 
110 
325 

80S 

Max. 

m 
m 

1«50 

Mitt,  " 
140 
140 
420 
1120 

Max,  " 
420 

1120 
2500 

Min. 

m 

43K 
1310 
3WX) 

Mas.  " 
1310  ' 
1750 
3WM) 
71)00 

0,5    '      2,5            2 

0.5    !      2,5            2 

i     i    2,5        a 

2             5                7 

8 
ft 

8 

Itl 

fiO 
00 
110 

200 
290 
200 

75 
75 
150 
300 

m 
m 

750 

234 
234 

038 

1170 
1170 
1170 
2350 

4            11               13 
5            W              17 
K            20              27 

50 

«5 

400 
580 
930 

1250 

1720 
2300 

WKI 
750 
1200 

2250 
3000 

1870 
2350 
3750 

5170 
7030 

10       •    3ft             35 

15       ;    «7             50 
25        '  100              85 

110 
165 

H50 
1400 
1720 

3800 

mm 

7750 
11500 

1500 

1HCKJ 
2250 

4» 
75CKI 

10000 

150(KI 

5(120 
7030 
11700 

15500 
4IMWO 

35        1  130             WO 
50        i  »W             105 

7$        '  320       5     200 

WO 
700 
1000 

4000 
5800 

H7IJC) 

17400 
24400 
37000 

,        '",'  ,n»UtiE! 

5250 

7WKI 
11250 

22500 
31300 

4WKM) 

n 

,*'.«*;    .    ".t 

l  of  *S  ft»r  prtwiurci  * 


«|wft  NfrtxrifUr  wrwJifciorw  of  draft  nod  funtitwi  roluiiwi,    It  r«t*y  b«  i 
liti^tw,  t*»  '*ii»*triite  ut  bighwr  rate*,  or  advisable  finilwr  r*«tri«!iteii  «5«if«i 
rate*, 

upon  tW,iKXI  Btu  p<sr  put  of  oil  f»*r  ri»tiify  biiniew  MM  I4CJ,CKKI  IHu  |» 
uriutm  ft.tid  up«m  tint  ovendt  boiltr  ctllwtiwy  *»f  75  i«sr  mat, 
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Heating  Systems 


Simplex  Oil  Heating  Corp. 

11  Park  Place    •    New  York  7,  N.  Y. 


SINCE 


1910 


Domex  tic.  Industrial,  and  Custom  Designed  Oil  Burning  Sy 


SIMPLEX  PNEUMATIC 
TURBINE  TYPE  BURNER 


i  Sixes    'Ratings*  up  fo  100  gph.  Burns 
any  grade  of  fuel  oil. 
Manual,  Semi  or  Fully  Automatic. 
The  SIMPLMX  Turbme  Type  Burner 
is  also  available  in  combination  for  burn* 
iiijj;  either  gas  or  oil,  A  Ulfl  pt*r  cent  gas 
bunirr  or  a  100  per  cm!  oil  burner,  The 
ehauf£e  from  »»ue  fuel  fo  the  other  <*a,n 
he  made  in  less  than  f>  minuferf  finie. 
SIMPLMX  Oil  Huniing  SyKicms  have  b(k(u»  listed  a,s  staminni  by  the  A(///c/m;/  Htmrd 
of  Fire   fntiu wince   Unti<inrrilt<r'fx  /^/6om/f^r/V,s\  (*lii«*a^o;  approved  by  the  ftwtrtl  a/ 
titawldwtx  and  Appeals  oj  A'nr  York  (Him  approvt*d  by  the  l)v}mfttm  nf  of  iSV/r/»  /^o/iVf, 
*Sy/a/cj  of  dotini'ctic.ut,  and  ('(Hifnrni  1o  local  j^ovc'ruiiieutjil  HIM!  uisuraiuN*  requirements 
ovorvwhero. 


SIMPLEX 

HORIZONTAL 

ROTARY  TYPE 

BURNER 

4  Sixes     Hating  tip  I**  '.Hi  Kph, 

FtirniHhed  oiil\'  with  «fjifid;trr| 
niotot'H    of    intliofuilfy    known 


iH  any  Kmdi*  of  fuel  nil. 
Manual,  Semi  or  Fully  Auto 
mat  ir, 


SIZES  AND  CAPACITIES   TYPE  H.E.G.H.,  TYPE  H.E.G..  TYPE  H. 

Burner  No.  (for  all  types)  2  «l            «*> 

Motor  II  P ,           .  .       ,,,  ,  .  fa  «,j          3i 

Maximum  Capacity,  g;alIonH  per  hour  (ApproxJ  ,  ,  .  .  HI  "M 

II  P  Rntinu;  <Appr<»x.)   ,            ,                         «lil  75 

#<{  Ft,  Steam  Radial  ion    boiler  output  (approx,),   ,  '1,00(1  III.IMKI 

(HjiHed  on  4(M)S,|  Ft  perCial.i  ' 
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Heating  Systems  •  Burners,  on 


Williams  Oil-0-Matic  Division 


WILLIAMS 


HEATING 
SYSTEMS 


EUREKA  WILLIAMS  CORPORATION,  BLOOMINGTON,  ILLINOIS 
Manufacturers  of  Automatic  Fuel  Oil  Burners  and  Complete  Heating  Units  for 
Steam,  Hot  Water,  Warm  Air  and  Radiant  Heat. 


OIL  BURNERS 

Williams  Oil-0-Matic  Low  Pressure 
burners:  Kasily  installed  in  any  type  of 
heating  plant.  I'se  any  domestic  fuel  oil, 
including  the  new  catalytic  oils,  Xe\v 
"Sealed  Thrift  Pnit"  on  Model  Fifty- 
Ten  is  factory  sealed.  Replacement  units 
installed  in  minutes. 


,      /V/  /'<" 

U  «!«(/ 

¥>          U"M     i 


v  X 


Williams  High   Pressure  burners    ju'e 
precision  built  for  t  hose  u  ho  want  high 
quality  at  minimum  lirst  cost. 
Oil  Burners 


Mutnr  Atiimi/inji 

U|i       Upm         {(H"'UI<' 


K  U 

K  T 


4  (HI 

t  .(«» 


4  3 

7  «»l 

a, 

V  W 


NEW  STEEL  BOILER-BURNER  UNIT 
All  .sie.elboih'r-burneruuit 
for  5  aiul<»  room  insulated- 

t  \  pe  hollies;  a  new  develop  - 


.,  j» 


by  VA{  in.  In^hl 

\vittercoil,s  tip  to  ISO  ^ph, 
Water  buxe;  Ihtelens  eon- 
struct  ion,  Lightest  water 
Imeked  n»et«l  I  hi,  <*n* 
t«u»it  v  ;  *$2f)H<i  ft  water,  itt»t  , 

{ 


Oil-0-Matic  Boiler—Burner  Units 

HTKKJ, 


NI  1  1            N<*t 

«Jr*w*        Oil 

M'**!**! 

NV»  l,.Mii       Output 

Output   'Input 

M+'imWnf^r     Htu'lir 

Ht'i  fir     'Kph* 

JlOlltt 

32(»       4K.OW 

,7*1 

CAST  IRON 

C  *  II  !  S 

IlWf         4W>       72,«KH> 

llt.WSi    !  1.(I5 

<ir  %  i 

! 

<V4  *S 

45»        72U     lUH.fKX) 

1114,101    i  1,53 

»  *r  W  / 

|W»        WM     144,'IW 

•  2MKWW    •  2.115 

'  or  W  I 

7511    :  S^(W     IH|)(CMW 

,  W,IKMI       3,50 

'or  VV? 

WINTER  AIR  CONDITIONERS 

New  Utility  Models:   Utility 
Model  1  (vertical-in-line  eon- 
si  ruction  I       for      basement, 
utility  room  or  closest   install- 
ation. Kequims  less  than  4  sq 
ft  of  floor  space,  l-lility  Model 
1   is  entirely  suspended  from 
the  coiling  or  under  the  floor. 
Both  units  factory-wired,  fac- 
tory -assembled.    Both   equip- 
ped   with    Model     Fifty-Ton 
OiMKMatie  Low 
Pressure   Burner. 
Capacity  of  each 
unit  :  70,000  Btu, 


(91 


&  i.s 


Streamlined  Package 
Units:  Complete  winter- 
air-eoadiiioninf*;  Furnace- 
burner  units.  Dual  radia- 
tion and  count  erilow 
const  met  ion ,  ( 'apuci  t  tes ; 
70,00",  100,000  and  150,000 
Btu, 


Oil-0-Matic  Winter  Air  Conditioners 


MmM 
I'Mlity    - 

!  S 


IKDJKW 


IH'HI 


!  l-'ilttM-x    BSi.uw 

Sij,  In,     Motor 


HOD  ,  'n  hj» 

«(HI  'i.  hp 

lOOil  :  '  i  hp 

man  'i  up 


CAST-IRON    BOILER-BURHER 

UNITS 

Fournlxertfor  hot  witter  - 
heat  and  four  for  steam.  y| 
I%(juipj)ed  with  Model 
Fifty  Ten  Low  Pres- 
sure Imrncjr  or  Model  A 
Hi  J'ressun*  burner. 
Built-in  domestic  hoi , 
water  (twin  to  210  gph, : 
All  nuttitl  jackal, 
bonded  idaHH  wall  innu  • 
lation.  Water  base  <*<mHtrm*tion,  Special 
high  insulating  fiictiJtv-demgned  eonibu«- 
lion  rhantlittr,  lioiler  tappings  for  all  con- 
trol HVHtewiH,  (\'ipi«*iHes;  from  1HO  to  fi!K) 
H<t  ft,  of  stmutt  ntdiHtioii;  501)  to  IJOf!  HCJ  ft 
of  hot  water, 


Heating  Systems  «  Boiler  Compounds 


The  Vinco  Company,  Inc. 


305  East  45th  Street 


New  York  17,  N.  Y, 


Only  a  clean  boiler  can  be  an  efficient  boiler.    A  clean  boiler  means  saving  ftid, 
as  well  as  safeguarding  boiler  metal. 


A  positively  harmless  insoluble  powder  cleaner  for  new,  remodeled 
and  old  heating  systems.  A  unique,  scientifically  processed  com- 
pound on  a  special  formula  not  to  be  confused  with  other  powder 
boiler  cleaners. 

What  Vinco  Boiler  Cleaner  Does 

VINCO  removes  oil,  grease,  scale,  rust,  and  dirt  from  the  internal 
surfaces  and  from  the  boiler  water  without,  the  luhur,  r.rp<  WN-,  and 
uncertain  results  of  blowing  boilers  over  the  (<>/>  <tr  of  wnxtiny  rctnrnx. 

By  this  thorough  claiming  Vinco  prevents  or  nurs  Joaminy, 
priming,  surging  t  and  slow  steaming. 

How  Vinco  Boiler  Cleaner  Works 

Each  minute  jcrnin  of  VINCO  powder  adsorbs  several  fhm*s  its 
own  weight  of  oil*  greaso,  runt  an<l  dirt,  These  larger  grains  of 
adsorbed  impurities  then  setth*  and  are,  drained  through  the 
bottom  according  to  directions  on  each  can. 


Boiler  Cleaner 
S  and  5  Ib,  cans 


Vinco  Guarantees 

1.  VINCO  contains  no  potash,  lye,  soda  of  any  kind,  oil,  arid,  or 
other  harmful  ingredients, 

2.  Purchase  price  is  refunded  if  results  an*  not  us  claimed  \\hen 
VINCO  has  been  used  according  to  directions, 

VINCO  RUST  PREVENTER 

When  used  after  VINCO  Boiler  ('leaner  has  rcmovrd  oil,  grcaitc, 
rust;  scale  and  dirt,  it  will  add  and  keep  the,  rust  inhibiting  factors 
at  the  optimal  constant  for  a  year  or  uior<*, 
(Tent  kit  bolow  has  romplete  instructiotm 

and  c'luirt.J 


VINCO  FIELD  TEST  KIT  No-  10 

for  Testing  and  Treating  Heating  Boiler  Waters 


Vinco  VieU  Tvt  Kit  No,  10 


The  kit  enables  t)u»  layman  to  nwfot  simple*  rapid  fi*«t«  to 
(liajcnost?  IIIK!  pn^seribe  corntct  frimtiueiit  of  b«i!t*r  waters 
right  on  the  job. 

A  now  time  wiving  jwthod  that  puniiifs  valid  ftmu'tuBiorifl 
heretofore  requiring  complieatetl  itiid  oft<rn  It?iip;lliy  latiora- 

tory  analyfiis  and  teeliitifpif  , 

Ka«h  kit  IJEB  siiffieieiit  matftrfal  for  couiplute  on  I(K) 
jnbn, 

KeiiilH  coat  about  2  cents  f«ir  tftstiiiK  wurh  job. 
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SPECIFICATIONS  FOR  COMPLETE  VINCO  TREATMENT  OF  NEW 
OR  REMODELED  STEAM,  VAPOR,  OR  HOT  WATER  SYSTEMS 


Do  not  use*  as  a  cleaning  agent  soda  or 
any  alkali,  vinegar  or  any  acid.  Use 
Vinco, 

1.  AFTER  THE  SYSTEM  IS  TESTED 
AND    TIGHT,    USE    THE    PROPER 
QUANTITY  OF  VINCO  LISTED. 

After  this  Jlrst  clean -out  of  tiny  new  or 
remolded  healing  «//xhiw,  Vinco  Boiler 
Cleaner  need  he  u$c<i  only  if  more  piping, 
radiation^  or  another  boiler  /.s*  added  to  the 
original  installation,  or  //  the  s^xtcm  /« 
fouled  />//  marine  cleaning  or  leak-waling 
experiment*. 

2,  After  using  Vinco  Boiler  Cleaner, 
Vinco  Field  Te^t  Kit  should  bo  used  to 
determine  and  apply  the  proper  quantity 
of  Vineo  Hunt  Preventer.    Vinco  Rust 
Preventer  «hould  be  applied  annually  or 
whenever  the  boiler  water  is  drained"  for 
neeesnary  repairs  to  the  system. 

SPECIFICATION  FOR  OLD 

HEATING  SYSTEMS  THAT  DO  NOT 

PERFORM  PROPERLY 

niufgnoHtt  and  treat  according  to  Vinco 
Field  Tent  Kit,  If  a  tost  kit  is  not  avail  - 
able,  nmmilt  table  of  quantities  on  this 
page  and  Follow  direct  ions  on  Vineo  cans. 

SPECIFICATION  FOR 
HOT  WATER  SYSTEMS 
If  maintained  belo\v  UOO  F«,  use  half 
quantities  listed  for  treat jnont  of  stwuu 
systeniH  to  remove,  impurities.  If  main- 
tained at  approximately  U(K)  F  or  above, 
use  full  quantities,  Then  use  tent  kit  to 
determine  proper  quantity  of  Vineo  Runt 
Preventer. 

VINCO  SOOT-OFF 

Safely  and  thoroughly 
nrwovcw   the,    iiwulatinft 

blanket  of  soot  on   fire 
Hues  and  chimney. 


CONSULT  THIS  TABLE  FOR  NEW  AND 
REMODELED  HEATING  SYSTEMS  AND 
When  a  Vinco  Field  Test  Kit  No.  10  is  not 
available  if  cleaning  old  heating  systems. 
QUANTITIES  OF  VINCO  (IN  POUNDS)  RE- 
QUIRED FOR  HEATING  SYSTEMS 
(Note  that  quantities  are  based  on  actual  in- 
stalled radiation,  not  on  boiler  capacity.) 


i  For  tftoaiii  or 

Vapor  Systems, 

y<l  Ft  of  Hudwtiou 

to  provwut  or 
cure  pntuinj? 
or  foaming. 
Also  for  Hot 
Water  11  eating 
Kyhtema  Main- 

Annually,  to 
remove  rust 
scale,  dirt  and 
for  Hot  Water 
Systems  bolow 
20fi  P. 

prox.  200  F 

or  above. 

up  to     350.. 

3 

1H 

351  "      000. 

5 

(K)l  ll     IKK). 

8 

4*  "* 

1101  u     1400. 

10 

5 

1401  "     1800, 

13 

1801  "     2100. 

15 

111 

2101  "     2700, 

18 

9 

2701    '    3100, 

20 

to 

3101   '    3700 

23 

3701    '     4200, 

20 

13^ 

4201    *     41)00 

28 

14 

4(101    '     5000, 

80 

15  t 

15001   *     5300 

31 

mi    *     flflOO, 

32 

id'a 

Bttoi  *   MOO 

33 

18?-  a 

mi  '   0200 

U 

17 

mi  4   0500 

35 

I  7"  2 

mi  4   (woo 

3« 

IK* 

0801    *     7100  ,, 

37 

IHUj 

7101    '     7400  ,, 

38 

19" 

7401   *     7700  ,  , 

39 

7701  "     8000  ,  , 

40 

20 

MMM  "     8800  .  , 

41 

20H 

8HOI  "     HlHXJ    , 

42                      2! 

KIWI  "     HMO  ,, 

4!t                        2!  '^ 

HIM)!  H   mm  , 

44            j           22' 

11201  "     IMiOO    . 

45                      22]  i 

WfiOl  "     IWOO    , 

40            ;           23 

ilHOt  "   10100*.,  ,  . 

47                       23H 

*Aliovtf  10100  «<i  ft.  UHO  jiti  ii<i«liti<»»rtl  pound  Vin«o 

for  wi«h  ttddittonul  300  H<J  ft  of  tuHiuU  iiiHtnlltKi  ndm- 

tioll. 

It  also  inHur<?H  agaiimi  external  corrosion 
aused  bv  <iampw»HH  and  wool  forming  sulfuric  aeid  during  summer 

layoff.)     No  danKe.mtw  ehemicalH, 

JRBMGVE  SOOT  WITH  VINCO  SOOT-OFF 
SBVEEAL  TIMES  A  YEAR 


VINCO  SUPERFINE  LIQUID  BOILEE  SEAL 

A  4ItlVfViit  liquid  will.  Unique  in  t.hat  it  (low  not  Induce  priiu- 
iitg  ititi!  foanthig.  It  lutH  no  unplrtwant  mntilL  Mabm  la«tinp; 
n»|«iirM  of  I»oihT  artel  lu;aling  Hy«t«m  loifckH.  Fine  to  tighton  up 
mtw  j«l>M.  tv;' -*1"-"  -"-~""' !-1 


Quantities 

Steam  tod  Vapor  Systems— Use  1  quart  VINCO  Liquid  Hoilcr 
Scutl  to  each  tt  sc|  ft  grate  arwa, 

Hot  Water  Systems  -U«c  2  quarts  VINCO  Liquid  Boiler  Bcal 
to  each  6  aq  ft  ^raie  »rea, 
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Safety  Devices  for  Steam  and  Hot  Water  Heating  Boilers  .  .  .  Liquid  Level  Controls 
General  offices:  Wriglcy  Building,  Chicago  llt  Illinois 

— — — ^"£otng€me^^tfi/n$well'f 

The  McDonnell   line   consists   of    (1)  water  feeders  and  low  water  fuel  cut  -ofT.s 

boiler  water  feeders,  low  water  fuel  cut-  for  hot  water  heating  boilers;  (1)  make- 

offs  and  combined  feeders  and  cut-oils  up  water  feeders  for  receiving  tunks  and 

for  low  pressure  steam  boilers  of  ;ill  sixes  other   liquid    level   controls   for  special 

and  types,  hand-fired  or  automatically  applications;  (5)  water  level  controls  for 

iiro,d;"(2)  pump  controls,  low  \vater  fuel  humidity  pans  of  warm  air  furnaces, 

cut-offs  and  low  water  alarms  for  steam  The   selection    of    controls    for    usual 

boilers  of  any  sisse  or  type  with  pressures  applications  is  shown  in    tin*  following 

up  to  150  li>s;   (3)  safety   relief  valves  service  recommendation,  Most  ^of  these 

(Btu-rated)  for  hot  water  'healing  boilers  products  are  described  in   the  following 

and  domestic  hot  water  heaters;  boiler  three  pages. 

Service  Recommendations 
(1)  STEAM  BOILERS 

Maximum         i  McDonnell  product  to  use 

IS  team  Pressure    |  ' 

HAND  FIRED  JOBS 

135  Ibs  i  No,  47  Holler  Water  I'Veder 

35  Ibs  j  No,  51  Boiler  Water  Feeder 

75  Ibs  No.  5*$  Holler  Water  Fei*  ler 

AUTOMATICALLY  FIRED  JOBS 
Boiler  Water  Feeder -Low  Water  Cut-oft"  Combinations 

No,  -17  *J  Feeder  f'ut  otT  (*outitiiiation 
No,  l»7  \\\\  Mleetrie  Cut  otT  < 
,!  No,  f>J  2  Feeder  Ctif  off  ('on 
No.  f)Ii  2  Feeder  Cut -off  ('on 


Boiler  Size 

Up  to  5000  «q  ft 
Above  5000  s(i  ft 
Anv  si/it* 


Up  t,o  5000  MI  ft, 

*r>  IbH 

Up  to  5000  sq  ft 

20  Ib.s 

Above  5000  nq  ft 

;jr>  ii)« 

Any  m  zo 

75  Hm 

LOW  WATE] 

Any  HIZC 

LSI)  llw 

Any  W350 

50  Urn 

Any  Hix<i 

150  Ibn 

Xo.  157  Low  Wafer  Ku*«J  Cm  off 
No,  IKI  Lr»\v  Wal*»r  Fui'I  Cut  off 

Xo.  15f>  L«*w  Wafer  Fuel  Cut  off 

(Industrial  or  Process  boilers  -Specific  recommendations  on  receipt  of 

complete  data.) 

(2)  HOT  WATER  HEATING  BOILERS 

Opening  Prwmire   ;  Boiler    Sixt*    in    (JnmK    litu     MoDimuHl  pruilurt  tti  UM<» 
j      Output. 

30  lb«  j  Up  to  242JHH)  ,  No,  S!  SwiVty  IMM  \  nlvi* 

No,  63   Low  Water  Fucsl  ("ul  of!  for  automatically  finnl  hot  wnti*r  boili*w,  5<» 


For  name  level  hot  wutor  heating  Hy«tcnw  iwi*  No,  "JI7  if  ham!  fiwl;  No,  217  -2  If 

automatic-ally  liriMl, 

Safety  relief  VU!V«H  (Btu-rat<Ml)  ulno  aviiihihlo  uiili  opcttiu^  pri»«rttin*H  miilnblf  for 
UH<!  on  hot  water  tankw  and  hen  tun*, 

(3)  WARM'  AIR  F0RNACES 
McDonndl  No.  417  or  517  Humidifier  Water  Level  Controls 
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Boiler  water  feeders,  feeder-cut-off  combinations,  and  low  water  cut-offs  ...  for 
low  and  moderate  pressure  steam  boilers 


Af<>,  fi-*  for  htttling  hmlm  under  fOOO 
ft  rtiimf.it  y,    Maximum  »tnun  pressure,  S5  W*t 


McDonnell  Aro,  fit-Sfor  hftitino  toilers  over  MMO  «g  ft 
caiKicity.    Maximum  steam  prftuutre,  US  //>«. 


McDonnell  No,  47-2,  nhown  hwf  ailed 
above,  maintains  n  wife  water  level  in 
boiler  by  feeding  water  whenever  neces- 
sary .  If  emergencies  nuch  an  priming 
or  foaming  permit  water  to  full  to  J  in. 
in  gauge  ghiHH,  eut'OfT  .switch  eutn  cur- 
rent, to  burner  until  emergency  han 
pa«Hed,  Ilan  **(|uick  Hook'lrpnforfnHf, 
aetuirate  installation  right  in  f^auge  glaHK 
tapping;  t4eoolH  feed  valve;  extra  'deep 
sediment  chamber;  ,1*SM/ A1 -approved 
blow  nft  valve,  Also  available  for  hand 
fired  boilers  without  Xo.  2  switch,  an 
No.  47  Ket»d«»r. 


McDonnell  No,  51-2,  shown  installed 
above,  Ls  name  as  No.  47-2  described  at 
left,  (kxcept  it  has  greater  feeding  c»apac- 
ity  for  larger  boilers,  and  is  installed 
with  1  in.  equalizing  pipes  instead  of 
"(Juwk-Hook-lip."  Also  available  for 
hand  fired  boilern  without  No.  2  switch, 
as  No.  51  Fowler. 

For  boilers  operating  at  higher  pressures, 
from  35  to  75  Ibs,  UHO  McDonnell  No.  53-2 
(or  No.  «*>#,  without  switch,) 


No,  <»7 


McDonnell  No.  67  Low  Water  Cut-off 

For  automatically  fired  steam  boilers  of  any  size 

Maximum  steam  pressure,  20  Ibs. 

HUH  the  McDonnell  "QuMk-Hook'-Up"  for  quick,  ea«y 

ami  trouble-proof  hiHtullution  in  gauge*  glaas  tappinga; 
deep  Hcdimont  chumbcr  with  large  t|uick"0p<*ning  blow-oil; 
packleHH,  nun -binding  construction;  adjuntable  terminal 
box  to  make  wiring  neat  and  cany;  dependable  Hnap-uction 

twin  HwiteheH,  One  Hwitch  can  lw  uned  to  Hound  low 
waler  jilarm,  t»r  control  McDonnell  No.  101,  Kloctne  Water 
Fe«*der  dewTibed  below.  Second  awitch  cut«  current  to 
burner  if  water  level  dropn  to  J  in,  in  gauge  glann. 


McDonnell  No.  101  Electric  Boiler  Water  Feeder 

For  boilers  up  to  5000  sq  ft  capacity 

Km-  line  with  No.  07  Low  Water  Cut -off  or  with  McDonnell 
"built  in"  LOW  Water  Cut-otT«  which  are  Htandarci  equipment 
on  many  modern  heating  boilem.  It  convcrtH  the  cut  ofT  into  a 
feeder  rut  -of!  combination  as  dcHctribcd  at  top  of  thi« 


No.  mi 
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No.  ISO 


McDonnell  Pump  Control,  Low  Water  Fuel  Cut-off  and  Alarm  Switch  ...  for  steam 
boilers  of  any  size;  maximum  steam  pressure,  150  Ibs. 

The  McDonnell  No.  150  Operation  of  No.  150  or  157 

Aimp    Control,    Cut-off  Typical  hook-up  of  the  McDonnell  No. 

lf>0  is  slm\\  n  boloxv.  When  \\ater  level 
drops,  X<>.  loOst.'irls  pump  and  1  hen  stops 
it  when  normal  level  is  restored.  If  omor- 
goney  occurs,  cut  off  switch  stops  burner; 
terminals  for  low  water  alarm  are  also 
provided. 

This  method  holds  boiler  water  level 
within  (he  close  limits  necessary  to  at  tain 
not  only  safety,  hut  also  highest  steaming 
efficiency.  This  has  obvious  advantages 
over  t  he  ordinary  method  of  simply  re- 
turning condcnsate  whenever  a  certain 
quantity  has  accumulated  in  receiver. 
Note  McDonnell  No.  21  make  tip  water- 
feeder  on  receiver  to  maintain  minimum 
water  supply, 

1  )ra  wings  are  available  forall  operating 
condi t  ions  including  I  \\  oof  more  boilers 
supplied  by  one  pump. 


J^ 

^ 


No.  157 


and  Alarm  switch 
its  equivalent, 
No.  157)  IKS  built 
down  to  tho  last 
detail  to  stand 
tho  gaff  of  high 
pressure  and 
t  cmperaturo. 

It  is  equipped  with  two  switches.  One 
closes  on  small  float  drop  to  control  elec- 
tric boiler  feed  pump,  or  elect  ric  valve  in 
line  to  steam  pump.  Second  operates  on 
greater  drop  towtop  burnorand  complete 
low  water  alarm  circuit,  ('wlcnprilvi'x' 
Laboratories  approved.  No.  150  has  auto- 
matic reset;  for  manual  reset  order  No. 
150-M. 

No.  157  is 
same  as  No.( 
150,  but,  has 
i  n  t  o  g  r  a,  I 
water  col- 
umn winch 
greatly  Him- 
pHlies  in- 
st  a  1  bit  ion  , 
assures  ideal 
ro  p  r  od  u  e  • 

tion  of  boiler  .      _ 

water  lev*1!  in   float   chamber,  and  pro          j  <.<    •*         "'         » '»H\  t   •• 
vides  effective  direct  blow  down.  No.  157         j      *  ;       ^M*,  ;•//  , 

has   automatic   reset;   for   manual    reset         j     *«•"•""""»""»  *  ; 

order  No.  157  M,  '  * 

McDonnell  No.  33  Safety  Relief  Valves  for  hot  water  heat!ng<  boilers 
ThoMe.Donnoll  No,  JM  Safety  Relief  Valve  for  hot  waf  or  heating  boilers  i.1*  a  Bfu  rated, 
tested  and  approved  valve  of  large  ca pa-city,  and  Ls  available  at  n  price  \\  if  bin  t  b««  range 
of  any  boiler  owner,  Obviously  the  only  relief  valve  capable  of  providing  KifVf  >  under 
all  operating  conditions  (omcrgonc.y  JLH  well  MB  normal  condition*'1  IN  u  valve  capable, 
of  dissipating  the.  maximum  fated  But  output  of  Iht*  ljoi!i*r  <m  which 
it  is  installetl  an  provided  in  the  current  ,f*S*«)/K  Bt»il**t*  (foo!e.  Tho 
Mo.  J^i  has  a  discharge,  capacity  of  2I2?!HKI  Bin  per  hr    !JU'K«*  «'tM>ugh 
to  takc^  cant  of  u  majority  of  hot  water  boiler/^.  Tliln  r;tpa,i*ify  is  ron- 
liniK^l  by  tho  teniH  of  tho  Sulitnwl  /ttxtffl  <*/  /**/fr  I  *  Wr/irn'/ux  cor- 
tifi(*d  by  tho  ;hSM//tf  and  HO  labelled  on  tin*  mum*  plate.  For  boi!«*rri 
with  hirgcir  out  pui'S  our  c'ltgiuoerlfiK  di'|Ktrlntoitf   will  Kliow  you  tip- 
pro  ved  moann  of  providing  nnfol y, 

Tho  No.  !W  in  unique  among  large  cjipar ity  vjihvn  In  t|$;it  If  provideM 
(lual-ruttMliHchargo.,  At  proHHUre.H  up  to  »i(l  HIM  it  givi'H  u  low  dincbjirKt* 
for  relieving  normjtl  oxpannion,  but  if  an  HWM'jfl'ticy  ariw^,  cjm.-*  • 
ing  tho  proHHuro  to  ri«e  to  the  maximum  al)o\vab!<*  j»iv««ur*»  «»f  311 
Ibs,  UK  ''Hydra-lift  n  dine  ojuam  tho  vnlve  widt*  to  diwb:irgi»  it>  full 
rated  capacity.  Thus  OSCO«H  (ii.schargf  in  avoided  during  Jill  uormtil 
roHcu'Vf'd,  as  it  should  !»%  for  ontowncy  condition*.  OtI»T  fi*nfuri*« 
aro  easily  operated,  iitdopendeiif  operating  lt*vi*r;  hiin|jit%  *li*pt*fid"' 
ablo  construction;  eany  disaHHoinbliug  for  clcattiiiK  und  w*rvi**injjj;  poMitiv**,  iiittjini" 
porabh*  factory  H(ktting,  Note  application  of  Xo,  H3  on  ui4\i  fwgo, 

McDonnell  Safety  Relief  Valves^for  Hot  Water  Tanki  and  Heaters* 
McDonnell   IHu-ratfd  Safely  Helief  V»|VI»H  wilh  o[»«*nitm   pn*,M>itiri*s  Hult;$«l*l«*  for 
application  on  tanks  and  hcatcrn  an*  also  fiymbtblf*,  AnK  IW  f;i*'t,w, 


No,  33 

operation  and 
of  the  No.  ,'tt 
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McDonnell  No.  33  Safety  Relief  Valve  and  No.  247  Feeder  for  hot  watet  heating 
plants  with  boiler  and  radiation  on  same  level. 


The  drawing  illustrates  how  the  Me 
Donnell   No.  -W  and  No.  217  team  up  t  > 
provide  both  efficient  operation  and  pr.» 
tection  for  "same  level  'systems.  In  HIM 
type  of  plant  t  hen*  is  al\\  a vs  a  possibility 
of  separation  of  the  boiler  from  (lie  con- 
nected load  unless  a  means 
of  maintaining  a  proper  level 
is   provide.!.    The    No.    1.M7 
water   feeder  does    this   by 
keeping     the     wafer     level 
above  the  highest   point   in 
the  main.     Protection  from 
excess   pressure  is  provided 
by  the  No.  ,'i'i  Safety  Helief 
Valve   isee  preceding  pa^e  i  No.  247 


for  all  boilers  up  to  242,000  Btu  out- 
put. When  the  hoiler  is  automatically 
fired  (he  No.  217  can  be  used  with  low 
water  find  cut  -off  switch  (No,  217-2). 


a 


McDonnell  No.  63  Low  Water  Cut-off  for  automatically 
tired  hot  water  heating  boilers. 

In  any  hot  water  heating  system  there  is  a  possibility 
of  low  water  after  a  prolonged  opening  of  an  adequate 
relief  valve  as  the  result  of  some  emergency  condition. 
The  protection  amainst  (Ids,  in  automat  ienlfy  fired  boil- 
ers, is  ;t  low  water  fuel  cut-off,  and  for  some  time  Inviting 
engineers  have  been  using  the  McDonnell  No.  150  to 
provide  this  protection  because  our  low  pressure  low 
\vnter  cut  o'T  was  not  rated  for  the  higher  pressures  of 
hot  water  boilers,  As  a  result  the  No,  ($  Low  Water 
Cut  off  haw  been  developed  for  pressures  up  to  50  Ibs. 
It  provides  an  equally  dependable  low  water  cut  oil  for 
hot  water  boilers  at  a  more  moderate  price  than  that  of 
the  No,  I*>0  which  must  IK*  designed  for  higher  pressures. 

McDonnell   No.  65  Explosion  Proof  Float  Switch 

The  McDonnell  No.  05  is  a  dependable  float  switch  that 
ran  be  used  to  control  the  operation  of  a  pump,  low  water 
alarm,  low  water  fuel  euf  off,  arid  for  many  other  liquid 
level  control  applications.  If  has  been  Cw/f.TM'n/fAW* 

tested  and  approved  for  use  under  the  following  hazard- 

' 


otis  conditions' 


C 


/,  itftntji    ft     Atnuwphtrw  cuntttininij  gam^ 

ntt  nn^hlhtit  htn:,int\  hulttnt\   />/v>/w/w/'t  nlctt 

Iwiuwl)   htftfiti  r  unlwut  WIMPR    or  tiainntl 


No.  63 


No.  65 


E-J 


McDonnell  E-2  Flow  Switch 

Inserted  in  a  pip**,  the  K  2  Flow  Switch  closes  whenever  flow  slarls, 
fo  complete  circuit  to  pump,  alarm,  imMer,  etc.  The  [towing  liquid 
moves  paddle  illustrated  to  operate*  switeli,  When  How  Htojm,  Muitch 
hrenks  circuit.  If  .switch  is  desired  fo  sound  alarm  when  now  stops, 
reverse  acting  switch  is  used, 

Other  McDonnell  Products  include: 

No,  117  Boiler  Water  Feeder  for  Kiimll  process  boilers  up  fo  TjIKtO 
Hif  ft  eapaeitv;  maximum  Htcntn  presnure  25  Ibs,  No,  LH  Constant 
level  valvcH  for  twe  with  oil  burner.s.  Solvent  still  regulators.  Con 
version  heads  for  converting  former  models  into  present   nao<iels, 

,\Mk  ^"or  latc-ht  Condensed  Catalog  ^  Price  List 
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Bell  and  Gossett  Company 

Morton  Grove,  Illinois 
HYDRO-FLO  HOT  WATER  SYSTEMS  AND  SPECIALTIES 


B  &  G  Booster  Pumps 

This  Seal  positively 


The  B  &  0  Booster  is  the  basic  unit  of 
a  B  <fe  G  Hydro-Flo  Forced  Hot  Water 
Heating  System.  It  is  built  as  a  horizon- 
tally driven  unit  for  sound  engineering 
reasons  which  have  demonstrated  their 
practical  value  in  the  thousands ^ of  in- 
stallations now  in  operation.  This  con- 
struction makes  posnible  many  desirable 
and  exclufcuvo  features. 

For  example,  the  patented  water-tight 
Seal  eliminates  the  need  for  a  studing 
box. 

B  &  G  Universal  Pumps  *»— > 
The  B  <fe  (I  Universal  Pump  in  designed  For 
large  forced  hot  water  heating  systems  in 
apartment  buildings,  olliee  buildings,  fiic- 
torieH,  schools,  etc.  The  installation  can  be 
operated  as  a  large  single  xone  or  divided 
into  several  zones  in  which  circulat  ion  of  tlie 
pumped  water  in  each  circuit  in  controlled 
by  ii  B  &  (J  Motorized  Valve,  opcniled  by  a 
zone  thermostat, 

B  &  G   Angle   Flo-Control 

-<— «  Valves 

Thin  valve,  installed  in  the 
main,  shuts  off  circulation  to 
radiators  when  heat  in  not 
needed,  permitting  Hummer 
operation  of  a  B  <fe  (}  Indi- 
rect Water  Heater, 
helps  maintain  a 
room  temperature 
the  heating  season. 


prevents  entry  of 

water  into  the  bearings.  The  shaft  is  of 
highly  polished,  hardened  machine  steel 
and  the  close-lit  ted  Impeller  mnkc.s  every 
revolution  count  by  holding  wafer  slip- 
page to  a  minimum. 

B  <fe  (5  Boosters  have  a  genuine-  oil- 
eirculating  lubrication  system  one  of 
the  greatest  reasons  for  the  quiet,  de- 
pendable and  economical  operation  of 
this  pump.  Oil  is  drawn  up  from  the  oil 
well  by  wool  li- 
bre  wickingiind 
dropped  on  the 
horizontal  bear- 
ing surfaces. 
Medium  grade 
motor  oil  is  used 
and  only  a  few 
drops  nt  infre- 
quent intervals 
required. 


It  a,lso 
uniform 

during 


ally 


flow 


>|H*nitJtil 

controlling   boiler   \vnft»i* 
through  flip  imjivitimtl  **t« 
of  zrmt'd  hf'tttitig  rtV8M,*itis» 

B  &  G  Monolo  Fittings 

B  &  G  Monodo  FittingH  permit  tht*  urn*  <»f  a  xinyli:  pip**  itmln  i«- 
Httind  of  the  conventional  flow  and  ret  urn  Iifn*,  Titry  urt«  itiwl  iillt**! 
at  th(i  junction  of  the  nidialor  riHt*r«  i*»  the  wiiftltt  lutttit  umi  ft«stjr«> 
the  diversion  of  thtt  proper  amount  of  he.'itcti  water  Iniit^iwh  radia- 
tor. HavingH  in  Hpiicc,  labor  ami  tniitcrmls  Jir«»  ubviouMty  «*fT*"cti*il* 
Available  in  cuHt-iron  and  copper, 

SEE  THE  B  &  G  HANDBOOK  FOR  COMPLETE  DESIGNING  DATA 
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Bell  and  Cosset  Company 


Heating  Systems 


,  Hot  Water  Heating 
'  Heat  Transfer 


HOT  WATER  SYSTEMS  AND  SPECIALTIES 


B  &  G  Relief  Valves 
For  relieving  excess 
boiler  pressures  in  hot 
Witter  heating  systems, 
ami  in  the  lines  of  service 
water  systems.  B  <fe  (\ 
Relief  Valves  luive  the 
design  features  which  as- 
sure dependable  service. 


B  &  G  Reducing  Valves 

Fast  operating  valves 
for  keeping  hot  water 
heating  systems  properly 
filled.  Kusily  adjusted  to 
meet  varying  building 
heights.  Also  high  pres- 
sure reducing  valves  for 
protection  of  plumbing 
fixtures. 


B  &  G  Type  "CWU"  Radiation  Heater 
The  B  <fc  (J  Radiation  Heater  is  a  "shell  and 
tube"  heat  exchanger  and  is  installed  below  the 
water  line  of  a,  steam  boiler.  Hot  boiler  water  is 
pumped  by  a,  B  <&  O  Booster  through  the  shell, 
thereby  heating  the  water  for  the.  heating  system, 
which  in  pumped  through  the  tubes  of  the  Heater. 
Pumping  the,  water  through  both  the  heater  and 
the,  heating  system  not  only  alTords  excellent  tem- 
perature  control,  but  also  permits  the  use  of  much 
smaller  pipe  and  fittings. 


B  &  G  Type  "SU" 
Instantaneous  "water  Heaters 
For  heating  water  with  steam.     Ideal 
for  industrial  plants  or  \\herever  htrge 
volumes  of  hot  wafer  are  required  con* 
tinuously  for  service  water  supply  or  pro- 
cess work,     No  storage  tank  required 
tin*  large  bent  transfer  surface  in  these 
units  heats  water  instantly  an  needed. 
Avniljihle  in  a  with*  range  of  ca.pacitic*H, 


BAG  Centrifugal  Pumps 
Dwtiftfn  iiiul  const  ruoiiou  huned 
ori  y<*ar«  of  experience  in  t  lit;  induK" 
trial  fluid.  ItugK«*d,  compact  unit H 
*  "built  to  Htnnd  up  undcu*  the 
wtraiii  of  eontitutoits  <iperaitotL 
Avitilfifilii  with  Biuiii-'Opeit  or  en- 
dosi«l  iinpitllorH  "iitfM.ofH  flexible 
cciiif>h»d  or  iiiteKnd  with  pump, 
Bond  for  C  Jutnlog. 


B  &  G  Indirect  Water  Heaters 
Any  Htciiut,  vapor  or  hot  \v«if  or  heating; 
boiler  can  be  equipped  with  a  B  &  (I  In- 
direct Water  Heater.  With  the  proper 
electrical  controls,  the  Heater  will  fur- 
nitth  an  aniph*  nupply  of  hot  wnter,  winter 
find  w/mwrr,  at  very  low  operating  cost. 
Heater  inunt  be  lined  with  n  storage  tank 
of  mutable  capacity, 

•4—<K  B  &  G  Refrigeration  Components 
A  very  HexibUt  line  of  direct  expansion 
evaporators,  condensers,  liquid  receiv- 
ers, combination  liquid  reeeiverB  and 
Hubcoolern  for  refrigeration  purposes  aro 
now  available,  Special  ulloyn  may  Im 
incorporated  in  the  units  for  thorn) 
critical  hwt  traunfiir 


Heating  Systems  «  Hot  water 


H.  A.  Thrush  &  Company 

Peru,  Indiana 

Representatives  in  Principal  Cities 


Water  Circulator 
latent  *WM».  $ ,064,1)09,  8, 1 11, 441 > 


FORCED  CIRCULATING  THRUSH  FLOW  CONTROL  SYSTEM  OF  HOT 
WATER  HEATING  AND  HEATING  SPECIALTIES 

For  ;issmr<l  comfort  install  the  complete  Thrush  !«'li>rv 
Control  System  for  automat ically  fired  hot  water  heat. 
( 'ireultit  ion  is  forced,  operaf  ion  is  completely  auf  oittaf  ic, 
and  the  system  is  flexible  and  responsive  to  heating 
demands.  It  automatically  adjusts  the  heat  for  the 
severest  weather  or  the  mildest,  compensating  instant  I v 
for  outdoor  changes,  which  means  greater  comfort  anil 
fuel  economy.  A  real  feature  is  the  year  around  supplv 
of  domestic  hot  water  from  the  same  heating  boiler, 
Piping  plans  and  engineering  assistance  are  available  to 
the  trade. 

THRUSH  WATER  CIRCULATORS  SAVE  FUEL 
A  forced  circulating  pump 
for  Hot  Water  Heating  and 
Domestic  Water  Systems, 
Insures  uniform  heating, 
Quiet,  ctlicicut ,  long  lived, 
vibration- free.  Scaled  in 
lubrication.  Made  in  (5  sizes 
1  in.,  I1.!  in.,  I1 ;»  in.,  -  in., 
21 «»  in.  and  3  in. 


THRUSH  AUTOMATIC  F 
VALVES 

Maintain  proper  \\aler  supply   in 
the  hot  \vuter  healing  sv^tt*iu  au  > 

toniatically,     Whenever    sy.Hti»»j 

pressure  drops  be|m\  12  U»s\  city 
\\afer  pressure  will  unl oiiiaf se;d!y 
open  I  he  valve  and  adtiiil   \\at<'V 
until  the  pressure  i>i  uittin  at  fln« 
the    desired    point,    Hi^h    pn-s 
sure  Thrush  Hediicing  \'nlvev  f0 
protect   plunibinp;  from  exclusive 
city  line  pres'-un'M  are  aUo  avail 
nbh*.  Si/es;  f  *  hi  ,  /; i  in,  ;tstd  1  in. 


THRUSH  AItt*T*<*»HT 

PRESSURE  T4MK 

All   eHN»nti;iI    part    *>f 

every  hoi  iutier  !n»;it 
111%        M  wi*<itt      (  "on 
.serven  w;»f**r  :sm!  I'll**!, 
because     flt*»     hcan'tj 

water  ^\p»*i»*I^  itif  M  f  tte 


and  ref  tjriiH  f  o  f  h««  f\  s 
teiu  ;js  if  «*«M»|y     VilfLs 

|o  I  in*   foiiliiitsrd  op 

" 


Flinr  Caul  rail  r 
latent  fteitmt  No. 


THRUSH  FLOW 
CONTROL  VALVES 

A  special  check 
valve  for  use  on 
uu  tomtit ically  lircd 
boilers  which  auto 
ma  I  ically  controls 
eirculalioa  when 
installed  with  ;i 
Thrush  Circulator. 
Closes  tight  when 
Circulator  is  not 
running,  prevents 
gravity  circulation  when  heat  is  not  needed 
in  the  radiators.  Made  in  six  sips,  I  uu,  Pj 
in.,  I1  •»  in.,  2  in,,  2^j  in-  "'id  *i  in. 


THRUSH  LOW 

PRESSURE  WATER 

RELIEF  VALVES 

Protect        heating 
boilers  from  evex* 
prcHhiircs.       Large 
(Affective  metal  tli 
{iphragiH   ijr«*a   UK 
HttreH  |H»j*itive  clns 
ing   nud    opeuiiug, 
Water  relief  i.s  just 
Huflicicnt   !<i  rf*nd 
just  prcwurc',, \\tfh 
out  wnnte  of  Iteated 
water. 


Number  4  Wultr  V 

Rt.lifif  r«/rf  ftrt>n:,G 

A ^ (til ultlf  in  ttcrtrftl 


lite     lieiiJ  isifi     >\.4*ih*u* 
over  a  I«»ny;  |*t'rt*ul   of 

lillie, 


H.  A,  Thrush  &  Company 


Heating  Systems  *  Hot  Water 


THRUSH   HIGH  PRESSURE 
WATER  RELIEF  VALVES 
ALSO  PRESSURB-AND- 
TEMPERATURE  TYPES 

Designed  In  protect   hot 
\\atcr  hen  tens,  range  boil- 
ers and  automatic  water 
heaters  from  excess  pres 
sure,    Some  models  also 
relieve  if  high  tempera 
tares  develop.    Made4   in 
various  typos  and  sixes. 


THRUSH  WATER  HEATERS 

Highly  efficient  heat  exchangers  or  con- 
verters, Fifteen  sixes,  for  Hot  Water  or 
Sfeiuu,  Pressure-  up  to  150  Ih  water,  75 
Ib  steam,  Straight  tubes  readily  clean- 
able,  Provide  Domestic  Hot  Venter  at 
low  cost.  Also  used  industrially  for 
heating  or  cooling  liquids. 

THRUSH  SUPPLY 

TEES   FOR    ONE 
PIPE  SYSTEMS 
NON-ADJUST- 
ABLE 

Assure  positive 
diversion  to  ra 
d tutor,    AvaiJa 
l»Ie  in  threaded 
cast   iron  or  in 
bron/,e  wit  hsol 

der  cmmerf  i<in,s  jW copper  piping,  Com- 
plete range  of  si/es  for  one  pipe  heating 


THRUSH  DUAL  CONTROL  UNITS 

Provide  automatic  pressure  relief,  auto- 
matically Ull  and  maintain  water  supply 
in  hot  water  heating  system.  Built-in 
strainer.  Made  in  four  types,  brass  or 
cast  iron,  l  •>  in,  or 


No,  201  THRUSH  RADIANT 
HEAT  CONTROL 


Automatically  maintains  room  {empera- 
ture  within  a  fraction  of  a,  degree.  Con- 
trols both  room  and  \vatertemperature  in 
the  heating  system,  com  pensa,  ting  to  prc™ 
venl  variation  in  room  temperature  or  a 
luck  of  radian!  heat.  No,  200  Thrush 
Relay  Transformer  supplies  low  voltage. 


THRUSH  ADJUSTABLE  SUPPLY  TEE  FOR  ONE  PIPE  SYSTEMS 

BRONZE  OR  CA$T  IRON 

Provide  exact  balancing  of  forced  circulating  one  pipe  hot 
vuttcr  heating  HVHfemH,  Kusily  adjusted,  When  branch  flow 
is  cut  down,  main  flow  is  increased,  not  retarded,  Available, 
in  hronxc  with  Holder  connections  for  use  with  copper  pipe 
and  in  threaded  cast  iron  for  a  Hteel  pij><», 

COMPLETE  THRUSH  HOT  WATEE  KEATING  SYSTEMS 
The  Thrush  Phw  Control  System  in  a  forced  circulating 
hot    wafer   healing  system,   completely   automatic,    with 
domestic  hot  water  supply  provided  from  the  regular  he,«it 
ing  boiler  the  year  around, 

Thrtwji  Ajuntflo  Syntcni  nrovidcH  halnnctMl  circulation  in  n 
one  pip*1  Hvwtein  through  the  iwr  of  Thrush  Adjti^lable: 
Supply  Teen, 

WRITE  FOR  COMPLETE  CATALOG 

cm 
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Taco  Heaters,  Incorporated 

137  South  St.,  Providence  3,  ft.  I. 
TAGO  HEATERS  OF  CANADA,  LTD.,  2-1  Adelaide  St..,  \V.,  Toronto 


T 


HMRK  is  a  storage  or  tanklesN,  Biltin  or  external,  typo  Taco  indirect  water 
for  every  job. 


Biltin  Taco  Healers,  which  are  standard  equipment,  on  loading  heating  boilers,  are 
catalogued  only  in  the  boiler  catalog.  Kor  additional  information  on  Biltin  Turns 
write  boiler  manufacturer  or  Taco. 

Complete  catalog  information  on  external  Taco  Heaters  is  also  available  for  home, 
apartment  house,  hotel  and  housing  projects. 


Domestic  Tatwft 


Tanklcm  Tarn  AW,  /*,',  ;;,  J/i,  IS  tind  39 


4*Taco-Gne*'  Venturl  System 

t\  forced  circulating  warm  heating  HVH tern  using  a  nin«;li* 
pipe  main  frorn^  boiler  to  radiators  and  back  again,  Small 
pipen  and  one  pipes  main  make  a  mutter  job,  reduce  irmfnlla 
lion  eoHlfi.  KadiatorH  can  be  placed  above  and  below  main, 
85  per  cent  of  residential  jobn  need  only  one  circuit  which 
requires  no  balancing  valves.  Thin  ntvolutionary  heating 
rtyntem  i«  made  ]>oHHible  by  the,  Taco  Venturl  Fitting  and 
remarkable  Taco  IIy-J)uty  Oizrulaior. 

Taco  Venturi  Fitting Act.s  m  a  auction  pump  in  which  fin*  <wly  nioving  part 

water.    Water    doen    th« 
trick    by     producing 
vacuum  pull    that 


water  through  each  radia 
lor,  giving  pomtive  uni- 
form circulation. 


"TACO-OHEW  VEHTURf  SYSTEM 


(Cr 


,J 
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Buffalo  Pumps,  Inc. 

450  Broadway,  Buffalo,  N.  Y, 

Manufacturers  of  a  Complete  Line  of  Centrifugal  Pumps,  Single  and  Double  Suction, 
Single  and  Multistage,  For  All  Types  of  Heating  and  Air  Conditioning  Installations. 
Write  Us  For  Engineering  Bulletins  on  Your  Problem,  or  Contact  Your  Nearest  En- 
gineering Representative : 

REPRESENTATIVES: 

ALRANY  7,  «Y.  F,.  E.  U.  Taylor,  l/G»  Broadway;  ATLANTA.  GA..  J,  J.  O'Shea,  805  Techwood  Dr.,  N\V; 
BALTIMORE  I.  Ml),,  C.  A.  Omklin  I1L  1014  Cathedral  St.;  BOSTON  7(>,  MASS..  K.  D.  Johnson,  507  Main 
tftrcat,  Molrtwo  Station:  CHICAGO  Ot  ILL,,  Kmmcrt  &  Trumbo,  20  N,  Wacker  Drive;  CINCINNATI  2, 
OHIO,  IS.  O.  Johiwon,  020  Broadway;  CLEVELAND  Jf5,  OHIO.  W«a«or  &  Sherman,  618  Rockefeller  Blcl«.; 
DALLAS  L  TA'.VAN.  Mr.  T,  1L  An«j»aohor>  M«r.,  1801  Towftr  Petroleum  Bldg.;  DAVENPORT,  IOWA. 
I).  C.  Murphy  Co.,  305  Security  Hhip:,;  DKN  VJBlt  17,  COLO.,  Stearn«-Rojtor  Mf«.  Co.,  1720  Calif.  St.;  DES 
MOINfiti  14,  IOW At  I).  C.  Murphy  tJo,t  840  Fifth  Avenue;  DETROIT  Hi,  MICH.,  Coon-DeViwer  Co.,  2051 
W.  Lafayette  Blvd.;  KL  /^1*SY>,  TtiXAS,  Htcarns  Roger  Mfg.  Co.,  P.  0.  Box 38:  QREKNVILLE,  S.  C.t  Roy 
A,  atipp,  222  N,  Main  Ht,:  HOUSTON  *,  TKXAS,  I).  M.  Robinson,  407  Seanlon  Bldg.;  INDIANAPOLIS 
4,  /A7).f  8.  K.  F«ti8t«nnakftr  &  Co.,  07  Archit<wtH  &  Builders  Bldg.;  JACKSONVILLE  4,  FLA,,  II.  L. 
McMnrrv  <'*>.,  25  HiviTMtic  Viaduct;  KANSAS  CITY  G,  MO.,  W.  K.  Dyer,  1808  Federal  Ron.  Bank  Iild«.; 
//AS  AtitftfLJKti  MtCALW.t  Kalladuy  &  KnaufY,  804  l>erMhin« Kq. Bld«.;  LOUIS  VILLK  f,  KKNTUCK F, 
H.  M»  Ltit^K,  633  South  Fifth  Htrwt;  All  AMI,  tLA  ,,  H.  L,  McMtirry  (?o.,  2953  R.\V.  32rifl  Av«»  MEMPHIS, 
TKNN.t  Huinphrey-WyimttCo,,  713  Hti»rickBldft,;  MlNNHAt'OLl'S  StMlNN.t  K,  Flovd  Bell,  2102  Foshay 


,  A*,  »/.»U,  (.  N<»rman»  27  WaRhington  St.,  Room  2()5;  JV/l    ORLEANS  /,  L>1 


7\4  ,U/'4 
i  karl  M. 


,  H,  I*  MrMurry  <  •«».,  r;  lN«»»m»ulnr  Wan'ttouw 
,  IUK  Mndiwrn  Av«m««;  WAMIWOTON  5,  / 


"IVr.C  'o,,41 1  Hampton  St.;  TOLEDO 2,01110, 
.  C,»  (1*.  H,  Franfcel,  M«r.,  310  Woodward  T*  * 


SINGLE    STAGE    DOUBLE    SUCTION    PUMPS. 

For  clear  water  service  from  10  to  10,000  U.  B,  gpra. 
Those?  pumps  provide  Hub«tantial  savings  in  power 
and  maintenance  over  years  of  service,  because  they 
inrorporate  all  acM-epteti  featureH  of  modern  (tontrifu- 

gal  pump  dmlgn,    BULLETIN  055-N. 

AUTOMATIC     SUMP    PUMPS.     Compact    units, 
(ujmplet<%  with  very  little  hiHtallatioii  work 
Hall  bearing  thruwt.    UnuHual  eflkiiendes, 


CLOSE-COUPLED  SINGLE  SUCTION  PUMPS. 
Compact  and  efwily  wervifted.  Suited  to  handling 
hot  water  with  low  Hubrnergence.  CloM^-coupled  do 

p(»rmau(knt  whaft  alignment,    BULIJ4]T1N 


SELF-PEIMING  SINGLE  AND  DOUBLE  SUCTION 

PUMPS.  Maiittaiw  positive  prime  without  foot 
valves.  All  part*  are  <iv«rHi«e«l  for  longer  Hurvico, 
The  high-i*fliciencjy  rotorw  are  vibnttionhw,  BUL- 
070-A 
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Chicago  Pump  Company 


2330  Wolfram  Street 


BRunswick  8-4110 


Chicago  18 


PRODUCTS— Return  Line  Vacuum  Heating  and  Boiler  Feed  Pumps,  Condensation, 
House,  Booster,  Fire  Pumps,  Circulating,  Brine,  Sewage,  Bilge,  Sludge,  Pneu- 
matic and  Tankless  Water  Supply  Systems  and  Automatic  Alternator  for  Duplex 
Sets  of  Pumps. 


"CONDO-VAC" 

Return   Line  Vacuum  and  Boiler   Peed 
Pump  for  Heating  Systems 


Fi<p.  1)  uiM)— "Duplex  "(*<>« rfrt-W*1'  with  Duplex 
I)t>ii,hi<  Aiitontrttic  C'tmlrut 

No  vacuum  on  slutling  boxes,  a,mple 
clearance  in  rotating  member.  It  eosfN 
less  to  operate  a  u(  Vndo-Vac."  uCondo~ 
Vac."  reduces  corrosion  in  piping  and 
boiler  to  minimum'  bocaune  puiup  does 
not  lake  in  air  from  atmosphere  and  en- 
tirely eliminates  till  air  coming  back  from 
system.  uComlo  Vac"  i.s  quiet,  bun  a 
low  inlet,  entirely  automatic,  fool-proof, 
easy  to  maintain.  Auk  for  bulletin  i*7U. 

CLOSE-COUPLED  PUMPS 

Boiler  Feed,  Circulating,  Tank  Filling, 
Water  Supply 


Fig.  N 

Capacities  range  from  3  to  fRXI  ({pm 
against  heads  up  to  1 81)  ft.  MotorH  from 
I  to  20  Up.  Dindmrgo  1  to 3  in,  ('lo«ecl 
and  opcw  type  impellers,  ftnllt'thi  /IM, 


"SURE-RETURN'1     CONDENSATION 
PUMPS 

for  Low  and  Medium  Pressure,  and  Sys- 
tems up  to  75,000  Sq  Ft  Radiation" 


uSure»Ht»turu't(\mdeiw;it!i»n  Pumps  and 
'  Receivers  are  built,  for  sytifems  up  to 

75,(HK)Hq  ft  of  »lireet  nuliatioit  niio!  for  low 
:'  and  in<*dium  pressures,  Buifl  in  either 

single  or  duplex  units*     Duplex  uuits  are 

alternated    in    tlieir    operation    by    thf; 

Autonnttir  Alternator.     t'nnnilitr,ilntrt  in 


VERTICAL  CONDENSATION  POMPS 

for  Low  and  Medium  Pressura  for  Sys- 
tems from  $00  to  i(X),(XX)  Scf  Ft  Radiation 
The  vertirnl  c*oiuU'iiHii- 


i.H  fruiu  «w- 

en!  t*Hili;itt*»si»  Use  r*4- 
reiver  it  plan*'!  under- 
ground  :tit  onitnjiry  hoht 

.Hiilliring   if  u^c^mnfy 
urn!  rt*ijuir**H  very    I'itfle 
Jit  Mir     M|Wfe,      I''  nit     in 
hhippnl    eoiisplete,    e:i«y 
t»>   tiwifill,  iiMHritthlt'tl  HO 


S|teri8*il  I  n+:tri  11^8  will 
Hfrtiiif  lift  t»»li*r  Imf,  w.ifer 
for  ^  nevcral  yejov.  A 
Hpffliil  (loaf,  lufriiHtusiu 
in  j^tmntntetMi  »<*!,  to  leak 
or  Htlfk  hi  hiufiin^  |H»X. 
Ciwiph'tt4,  thrift  and  /iff. 
xcfijtthm  in  H'ttfatiuft  "t  $fi, 


Heating  Systems  *  Pumps 

A-  D.  Cook,  Incorporated 

Lawrenceburg        ^MQOK^     PUMPS  Indiana 

Representatives  in  Principal  Cities 

VERTICAL  TURBINE  PUMPS 
Oil  and  Water  Lubricated 

MOTOR:  Vertical  hollow  shaft.  ,  .head  shaft  nut  for 
easy  adjuHt  incut  of  pump  impellers.  ,  .pin  clutch  its 
safeguard  against  damage  to  motor  und  linetdiiiFt.  .  . 
dual  fan  blast  for  forced  circulation  of  air.  .  .weather- 
proof. .  .Cook  patented  automatic  oiling  system, 
\\hen  motor  starts,  oil  flows;  motor  stops,  oil  censes 
to  flow.  Available  in  nixes  from  I  hp  to  XOO  lip. 

SETTING;  Available  in  two  distinct  types  -KPU 
l flanged  pipe  gasket cd)  and  SP  (screwed  pipe). 

BOWL:  Close-grained,  wmi  steel  castings,  pressed  in 
special  bronze  bushings, 

IMPELLER:  Knrlosed  type,  red  brass,  machined  to 
close  limits,  hand  finished,  tested  with  precision 
far  rotative  balance,  Kxtrcme  range  of  capacity  in 
4  available  with  proper  combinations  of  radial  and 
a \ial-fluw  designs. 

CAPACITY;  10  to  HMKM)  gpm. 

TYPICAL  USES;  For  air  conditioning,  cooling  condensers, 
cnoliiiK  towers,  pumping  brine  solutions,  etc,  .  .  Because 
( 'ook  Pumps  are  available  in  both  Oil  Lubricated  and  Water 
Lubricated  types,  you  are  assured  the  right  pump  for  your 
specific  job, 

SPECIAL  ADAPTATIONS:  The  Cook  K%  Head  can  be 
furnished  with  right  angle  drive,  flat  belt  or  V-belt  drive,  K# 
Head  for  underground  discharge,  and  combination  head  for 

both  electric  motor  and  right  angle  drive  mounting  am 
available. 

FITTINGS;  Suction  Tube  of  wrought  steel  pipe,  Hanged  to 
fit  the  pump  inlet  cane,  m  offered  in  5,  10,  20  or  JM)  ft  lengths. 
ItubbLsh  Strainer  in  recommended. 

COOK  WATER  SYSTEM  PACKAGED  UNITS;   ReHpro 
cating'tiid  KjeHor  typ«*H.  Within  a  capacity  range  of  I  gpm 
to  iCMMI  gph,  there  inn  Cook  Water  System  offered  in  b<»fh 
complete  package  unit  for  domestic  applications,  or  a  pinup 
for  Mpcfiai  industrial  IHCH, 


PHONE  OR  WRITE  FOR  ADDITIONAL  INFORMATION, 
PRICES  AND  DISCOUNTS 


Heating  Systems 


The  Nash  Engineering  Company 


234  Wilson  Road 


South  Norwalk,  Conn.,  U.  S.  A. 


Sales  and  Service  Offices  in  all  Principal  Cities 


Return  Line  Vacuum  Heating  Pump 

Standard  with  the  heating  industry  for 
over  eighteen  years.  Removes  air  and  con- 
densation from  return  lines  of  vacuum  steam 
heating  systems,  discharging  air  to  atmos- 
phere and  returning  water  to  the  boiler, 

Two  independent  units  are  combined  In  a 
single  easing— an  air  unit  and  a  water  unit. 
Impellers  of  both  are  mounted  on  the  same 
shaft.  Pump  is  bronze  fitted  throughout. 

Supplied  direct  connected  to  standard 
electric  motors,  for  belt  drive,  or  for  steam 
turbine  drive.  For  continuoiiH  or  automatic 
operation,  Standard  in  capacities  up  to 
300,(XX)  «q  ft  K.DJL  Larger  unite  special, 
Bulletins  New.  307,  1*08,  809,  and  310  on 
request. 


Vapor  Turbine  Vacuum  Heating  Pump 

Jennings  Vapor  Turbine;  Heating  Pumps 
combine  all  advantage**  of  the  standard  re- 
turn lino  heating  nump  with  a  now  type  of 
drive,  a  specially  deigned  low  prcHHuro  tur- 
bine which  opera  te«  directly  on  steam  from 
the  heating  mains  on  any  sy«tcm,  requiring 
a  differential  of  only  5  in,  of  mercury,  and 
return**  that  steam  to  thu  heating  ayfitem 
with  practically  no  heat  loan, 

This  pump  aiVordu  the.  safety  and  economy 
which  goes  with  coitlinuouH  condemnation  re- 
turn and  Htcady  vacuum,  and  at  no  coat  for 
electric  current.  KurntHhcd  Hlaudurd  in 
ca{>aoitieB  im  to  <>5,<KX)  HO  ft  K.'D.k.  Larger 
units  BpeeuU.  Bulletin  No,  2JK)  on  request. 


Condensation  Pump  and  Receiver 

Kemoven  the  condertHaiiott  from  radiator*} 
in  return  Hue  Hteuiu  heating  riyHtemH*  par- 
ticularly radintorn  «<«t  toulow  the  boiler 
water  line  level,  and  muapH  the  eotidertKation 
back  to  lite  boiler,  Ftuup  w  hrouxo  fitted 
with  ctneloned  eitntriftt^al  iiupellitr  of  im- 
proved  de#tKU.  By  wakitig  tin*  pmitfi  ciwiirig 
11  part  of  tlu!  return  tank,  and  bolting  tho 
motor  biwif*  to  the  tank,  floor  spaces  i«  con- 
nerved.  The  nwtjuiftuhir  ronntruction  per* 
mit»  inftiaUutioit  its  a  conwjr  agaiiiHi  the  wall. 

Tlww*  pumpH  arc*  furntHhod  in  standard 
«i^i»«  with  capacities  ranging  from  I|  to  225 
Kpm  of  water*  For  »erviii|f  up  to  !f>(),000  »q 
ft  of  ei(uivnlent  direct  rad'iatiott.  Bulletin 
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Heating  Systems 


The  Nash  Engineering  Company 


234  Wilson  Roud 


South  Norwalk,  Conn.,  XL  S.  A, 

Sales  and  Service  Offices  in  all  Principal  Cities 


SEWAGE  EJECTOR 

For  pumping  unscreened  sewage  or  drain* 
age  from  basements  below  the  street  sower 
level ?  handling  crude*  sewages  from  low  level 
ditttrictH,  pumping  effluent,  sludge  and  other 
heavy  liquids.  The  Jennings  Sewago  Kjec- 
tor  in  of  the  pneumatic  type.  Air,  eom- 
prense.d  only  to  the  pressure  nt  which  it  ]« 
used,,  by  a  Nu«h  Hytor  Air  Compressor,  is 
motive  power  to  pump  the  accumulated  sow- 
ape  from  a  pot  to  the  newer.  There  are  no 
air  Htorage,  tank**,  reciprocating  air  com- 
pressors or  screens,  no  air  valves.  Furnished 
HI  Hevernl  .standard  sizes  up  to  1500  gpm 
heads  up  to  HX)  ft.  BulletiiiH  on 


Suction  Sump  and  Sewage  Pumps 


urul 


Sump   Ptimpa  ant 
f<*r  )mii(ilin^  neepage 

liqtiidn  renHonahly  free1  from  Holids. 
Pumpn  are  equipped  with  non-elo^  type  im- 
peller For  liquid*  containing  Holidw,  Suction 
pipittf;  only  i«  Hulunerge<I,  ('ontrifugal  im- 
peller and  vactium  priming  jotor  are 
mounted  on  name  «Imft  that  carrien  rott>r  of 
the  driving  motor,  forming  a  nlnglo  moving 
element,  rotating  without  metallic  conflict. 
Will  handle  air  or  gun  with  liquid  being 
pumped,  and  beruuHo  of  wlf  "printing  feature 
are  installed  entirely  oul«ide  of  pit,  alTtjnl  • 
ing  perfect  aeeenwbility  for  inHpiretion^  or 
cleaning.  CupaeitieK  to  meet  all  require- 
mentH.  Bullet  inn  NOH,  151),  IM,  und  »i'IH  on 


Air  Compressor  and  Vacuum  Pump 

N{i«h  Air  ( toinpreHHorn  operate  on  a  unicjue 
and  different  priticiple,  /Hie  one,  moving 
part  rotuten  in  eitning  without  metnllic  con- 
tiict,  TIt«*re  in  nothing  to  wear,  and  no 
interim!  lubrication. 

NitKh  ( Jc«npr«*HHorH  deliver  abKoIutt^Iy  cl««tn 
air;  ideal  for  agitation  of  liquid**,  prewure, 
di»pliicMiient ,  ftud  hnmlling  gUKew,  Vac.uuiu 
pumpH  IdtfiiJ  for  priming  pmnpH,  blood  nuck- 
ing  putttpn  in  li«tHpjUilHf  ami  wherever  non- 
puiHatittg  vacuum  i«  recjuire<L 

l*reH«ure  7-5  Ib  or  vactitim  27  lit,  of  mercury. 
PuntMtfid  Iw  any  capacity;  Hpecutl  for 
higher  vacuunm  awl  prenMinfH.  Bulletins 
N<m.  282,  325,  331  and  W7  cm  ntqwwt 
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Ingeisoll-Rand 

ijr     11  BROADWAY,  NEW  VORK  4,  N,  Y. 


BIRMINGHAM 

BOSTON 

BUFFALO 

BUTTE 

CHICAGO 

CLEVELAND 


DALLAS 
DENVER 
DETROIT 
DULUTH 
EL   PASO 


KNOXVILLK 

I  OB   ANGKLKS 
NKW  AUK 
NKW   ORLEANS 
NKW   YORK 


PHILADKLPHIA 
PTCflKK 
I'lTTSHURUH 
HALT   LAKE    CITY 
HAN    FHANVIHCO 


HC  UANT  ON 

HKATTLK 
HT     LOTIH 
TTLHA 
WArttn.N'(}TON 


Offices  and  agents  throughout  the  world 


CENTRIFUGAL  PUMPS 


The  Wl^rLliK!^yW^  js  a  compact,  "pack* 
age  "unit,  mounted  integrally  with  motor 
on  a,  rigid,  oversize  shaft  and  over -si /.e 
bearings.  It  is  highly  adapt  able  to  many 
services,  needs  nospccial  foundations,  and 
operates  equally  well  in  any  position.  It 
is  available  in  several  materials  for  pump- 
ing various  liquids.  Capacities  from  10 
to  1X00  jmrn,  heads  to  HO!)  ft. 

Other  1-H  pumps  are  offered  for  all  hy- 
draulie  services,  with  any  type  of  drive. 

ALL  PURPOSE  PORTABLE  TOOLS 

Kleetric  Impactools  at*4  light -weight, 
portable,  tools  for  running  and  removing 
nuts, HCIVWS and  studs,  drilling  reaming, 
tupping,  wire  brushing,  drilling  brick 
and  masonry,  driving  wood  augers,  hole- 
saw  work,  and  the  101  jobs  encountered 
in  installation  work.  Plug  into  any  wall 
outlet.  Capacities  ;? H  in.  drills,  tapping 
to  ?4  in.t  running  nuts  to  \  in.  thread 
size,  110  or  220  voltn,  universal  motor, 

LIGHT-WEIGHT  JACKHAMER 
The  ,1-10  Jackhniner  w  thc«mal!eHt  of  the 
Kclf -rotating,  rock-drill  line,  weighs  14 
Ibs,  and  isewperially  dtwigned  for  mainte- 
nance and  iiirttullitttoii  \\ork.  Its  um*s 
include  drilling  inartonry  for  coinltntt 
wnrinkler  hang«*rH,  foundation  bolt  hol«%n» 
pine  lines  anddnun»ua  we!!  n«  tearing  out 
brick  work  for  doom  and  windows  nftd 
•similar  demolition  job**,  The  J-IO  in 
air  prnveri'd, 

STEAM -JET  REFRIGERATION 

Where  ret'rigcnitioh  i,t  needed  iluwu  to 
H5''K,  find  a  Mtpply  of  >fent»  t^  availabie, 
tht*  1  i{  ,s\Ht<*m  of  Sfreinti  ,I*'t  Water- 
Vupor  Hel'rigeratiun  should  !«•  con^i<!" 
cred,  !n  thin  rt\,**f<*ai  wetter  i.s  the  only 
refrigiM'at  ion  iitediuui,  If  is  euoJed  by 
direr!  evaporation  in  »  high  vucuunt 
created  b\  steatn  jet  bolster  <*jei*for,;*t, 
There  are  uo  moving  jmrtn,  no  vibration, 
nor  noihe,  Si/i*n  nut  froitt  *!ll  to  IIMI  toiw 
of  refrigeration  and  c;»n  be  built  t*»inj»»r' 
alt*  at  any  one  of  :t  wide  raiifc^  «»f*  j»ri"**» 
HIU"<*S  ilmut  to  I  !b  |wrM«|  in, 

I-R  COMPRESSORS  OF  ALL  TYPES  AND  SIZES 

T»R  (/oinpn^Hora  are  offered  in  all  MJWH  and  typiM  from  l  ••  to.ffJIJft  hp,  i»  i/n*t*Hur«*H 
frorn  a  few  ounces  to  If/MX)  Jlw,  and  in  Htatirmarv  or  portable  m<»<i<*U,  Air  cooli*«l 
urn  to  range  from  Vi  to  00  bp.  M{  Water  Hyntenk  are  available  for  industrial  and 
UHOH, 

1HI2 


r 


INTERNATIONAL  HEATING  &  VENTILATING  EXPOSITION 
THE  AIR  CONDITIONING  EXPOSITION 

Permanent  Address    ( !nmd  ( Vntrul  Palace,  New  York  17,  N.  Y. 


EXPOSITIONS  HELD 
Chicago,  1iU<>;  New  York,  1!MS;  Cleve- 
land,  HUT  HIM;   Now   York,  IMS;  Chi 
eaiso,  1«»IW;  N'ow  York,  1MI;  Cleveland, 
IJJ.TJ;  Philadelphia,  HMO. 

FUTURE  SCHEDULE 
lOlh  International  Heal  ing  &  Vontilal 
ing    1'Apo.sii  ton,    Commercial    Museum 
Philadelphia,  Pa.,  Jan,  1L*  #»,  !!)",!. 

UNDER  AUSPICES  OF  A.SJLV.E. 

These  Kxposit  ions  bave  been  and  \\ill 
be  hrld  co  incident  \\ith  tin*  annual 
meetings  of  tin*  American  Sociely  of 
Heat  ing  and  Ventilating  Kngiwersand 

under  their  auspices,      Mann^rnirnl    is 
hy   lnt«'rnatiniiul   Mxptwit  ion   (Nnnpatiy 

\\ith  |H*rnuHirul  lu*:iiU|uarttTs  at  <irau<l 
(Vntrjtl  Palace,  New  York  IT,  N,  Y. 

EXHIBITORS 

<  "uniprtHr  Irading  firms  in  «vt<*h  piiase 
uf  tlu*  mduHtry;  ntuuhtT  has  varied 
from  ir>0  to  HK)'**\hii>iiorH. 

EXHIBITS 

Th«'M*  ran^c  friMu  and  ('tmtpt'iw  all  the 
typeHof  articles  <liHctiMK«**l  or  ad 
til  fhiH  ropy  of  T»M  A.S.II.V.K.  (it'i 


KuruHfM'«,    hunnTH    u'oal,   oil   and 
Kasi,  j5rati»s*  HtokiTs,  hoil<»rst  radia 

tors    ivjirioiiH   ft\pt*s^    rcfrat'tori^s 


"J,   7V/r  On,  HI  UNJ.K  (Ii'mif*: 

,1,   7V»   H  vitft  \t  M{;  (fmii/i; 

\Vjit**r     tV«*d«*rH»     water     htnitcrK, 
pttutp*s,  tnijtM,  v»Iy«*H.  piping,  fit 
tiitHj.S  <*\p:uiH!«»ii  joint«f  pipe  hang 
<TN,  rtr, 

4,  Th*  STHXM  UK  \Ttsti  (ti'iutft; 


f».  77<r  I  lor  Wvi't'ji  H 

i\,  Thi  Ant  (ft'wtft: 

Wiirtis    Air    i'urnawH   and    Htovt*,n, 


H,  air   fillers*    motors, 
conditioning   fH|ui| 
ofH    trooin   and    indtwlrbil 


7.  77ir  Ant 

KquiptiH'Ut,  \vhi<*h  cirnilat^B  and 
ftltrrn  th<"  air,  in  HIUHUHT  didnuni- 
difirs  uwl  Drools;  in  winter  h<»jitH 
und  huiui<iifu'H,  un<l  doi«H  nil  UIOHU 
In  proper  Hi^tHon  for  <,!onipli»t(^  all 
year-round  air  c 


•S.  The  CONTROL  Group: 

Instrunu^nts  of  precision  for  indi- 
cating, controlling  or  recording 
temperature,  pressure,  volume, 
ijme,  flow,  draft  or  any  other 
function  to  he  measured, 

U.  Th(\  HMKUK.KRATINCJ  Group: 

Compressors,  eoiuletisers,  cooling 
apparatus,  c,ont,ingent  apparatuw 
and  ref  rigor  ants. 

10.  The  CKNTRAL  HBATINMJ  Group: 
Apparatus  and  inat(»rial«  (specially 
donignod  or^ulapt<kd  t  o  t  IUMUSOH  of 
central  heating  and  central  heating 
station  mipplios. 


11.  7fAc  lNstfLATiN(i  Gnntp; 

Structural  iiuwlators  (refractory 
niul  colluloHe  nuiteriiilH),  aHlu'rttos, 
in.'ignoHia  clayn  an<i  comhination« 
1  h(»re.of  ,  pipe  and  conduit  covering, 
otc.t  weather-Htripping,  etc. 


12«  Tltr  Miw'KLLANKoirs  Group: 

Mice  trie  Iteatem,  holler  and  pipe, 
repair  alloys,  liquids  and  com- 
poundH*  tooln  of  all  kindH,  and 
ecjuipment  not  spcciiioally  included 
in  tin*  above  groups,  but  nda,t,tul 
th(»reto, 

13.  The    MArniNKitv    AM>   C«K  \KHAL 

I'jQirll'MKNT  Gl'OUp. 

M.  BOOKS  AND  IVitu  CATIONS. 

VISITOR  ATTENDANCE 

Atti'ndance  in  by  invitation  antl  regis- 
tration only,  thereby  presenting  a 
selected  audience.  Included  are  con- 
tractorH,  dealern,  jobbern,  supply 
ItouneH,  home  owners,  induntrial  UHern, 
profeHHJonnl  ainl  wrvioe  orgnnixatioiiH« 
public  utilitieH,  real  e«tate  nianagement 
conceriw,  etc.  A  detailed  analyniK  of 
regiHter<ul  attendatuu!  in  available  on 


Industrial  HxpoHitioim  iit  America 
I  lead  the  exponitionH  of  the  world  in 
j  «tyle,  busineHH  (*ffe(*.liv(^n(»HS(  induHtrial 
1  in'fluem'e  and  educational  value.  Thin 
;  Kxnosition  stands  among  the  Ieitd<*rH  in 
]  Inaustrial  KxpomtionH  in  America.  It 
;  in  au  <*ducational  itirttitutiou  which 
,  bnujcs  together  the  reH<*urc!t  develop- 
;  inentH  and  improvements  in  equipment 
and  matorialH  for  urn*  in  heating,  venti- 
and  air  conditionitig  all  types  of 


13 


Heating  Systems  *  Specialties 


The  V.  D.  Anderson  Company 

I960  West  96th  Street,  Cleveland,  Ohio 


Reprcsen  ta  tJ  vos 

in  all 

principal 

cities 


Manufacturers  Of  Steam  Traps  For  Over  (>0  Years 


SUPER-SILVERTOP  STEAM  TRAPS 

Are  inverted  bucket  steam  traps  of  an  im- 
proved, thoroughly  tested  design .  These  steam 
traps  automatically  remove  both  condeiusate 
and  air  from  the  steam  system— no  manual 
operations  are  necessary. 

APPLICATIONS 

Supor-Silvortopa  are  used  on  any  steam-using 
equipment  where  it  is  desired  to  remove  con- 
densate  and  air  automatically  in  order  to  pro- 
duce maximum  heating  efficiency, 

FEATURES 

Simplified  Piping— Connected  either  an  an 
elbow  or  straight-in-line- -only  one  nipple 
needed  since  the  U-fcubo  IB  inside  the  trap, 
Saves  as  much  as  three  elbows,  three  nipples 
and  60  minutes  of  time,  compared  to  other  in- 
verted bucket  steam  traps. 

Precision  Parts  Alignment— The-  bucket  does  not 
swing  free.  It  is  controlled  in  true  engineering 
fashion,  guided  on  a  hexagonal  tube,  This  makeH  a 
knife-edge  contact,  eliminating  almost  all  friction. 
The  unusual  guide  arrangement  keeps  all  ( parts  in 
proper  alignment  and  prevents  the  bucket  from  hit- 
ting the  sidewalls  of  the  cane.  Positive  dosing  of  the 
valve  is  insured. 

Self -Cleaning- -The  reversing  of  the  eondeiwute  How 
on  entering  the  trap  produces  a  scrubbing  action, 
This  stirs  up  any  sediment  and  dirt  which  JH  then 
carried  away  in  the  discharging  condeneate. 


No  Restricting  Passages-  -Mven  in  the  HnmHwt 
there  an?  no  narrow  cored  pannages  to  become,  clogged 
with  scale. 

Cannot  Alr-bind-^AB  the  air  in  automatically  dis- 
charged ahead  of  the  comlensate  in  each  cycle  of  oper- 
ation* 

Vacuum  or  Pressure-  •  These,  traps  do  not  leak  nteam. 
No  danger  of  vacuum  being  destroyed  '""trap  m  rwom- 
mended  for  vacuum  operation. 

INSTANT  HEAT 

AudwBon  HuiwrHilverlopH  mn  be  equipped  with 

Thermal  Air  KjimmatorH  or  Combination  open  flimt 
and  tlmrmoHtatic  Bteani  tntpn  can  hi*  iwed  where  In 
tant  Iteat  in  dcBired,    Other  Anderson  products  are; 
lloat-typo steam  traps,  air  rdwww  vulvtm^uid  pipeliiie 
Htrainew, 

Note;  Write  for  Free  Copy  of  Book 
"SOLVING  STEAM  TRAP  PROBLEMS/* 
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SIZES,  LIST  PRICES,  AND  CAPACITIES 
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List  Pri<>< 

SKI.  00 

SO.  00 

S10.00 

1    $12.00 

$14.00 

$23.00 

S3  2.  00 

$45.00 

$60.00 

riirciw'  1 

Muti'tl.. 

&I2.00 

$12.00 

WITH  THERMAL  AIR  ELIMINATOR 

$11. HO   '    110, f.O   |    SlUH)   1   $13,00   i    $15. (50   |    S2IJ.20   |    $3. 1. 2 
CAPACITY  IN  PO0NDS  OF  WATER  PER  HOUR 
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0000 

11100 

40300 

1400 

1000 

3100 

4,<JOO 

7500     ' 

2(5000 
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COMBINATION  TRAPS 
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CAPACITY  IN  POUNDS  OF  WATER  PER  HOXTR 
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S'.I'MI 

2200 
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<u  fnf»tin«K»»>h  I!MW,    \V}»»»  orrlt'ritttf  I»«.HUK»  tt>  «jH*cify  inaxittnini  «t«nu  pnwsuio, 
i  tit  hnwy  tyirt*im»MtjimhmliunJ  tmtw  wilt  h«hhipi»ciii  tappwi  standard  wiUsw  oth< 
!*i|t«*  Nt/iv*  ?»li»mtt  in  ligltt  typt*  furtiinhcsi  itt  no  adtlitionul  cost  but  only  from  OUn 


ANDERSON  STRAINERS 


Mfal<\  Ki'it)  and  H(»«linH'nt  from  th<k  lints 
Stainless  stt»(*I  Mlniiwr  w^cens  (hniss  on 
21  %  in.  jind  3  in.l  are  st  tuulard  <»(itii|)nwnt 

and  Iuiv<»  an  oxIreiiK'Iy  large  free  area, 
Standard  wrreen  for  steam  an*!  «»ther 
gnwH  IUIH  iui  in,  openings  for  licjuidn  !-4 
in.  openings,  Other  mzvs  of  openings  fur- 
nished when  npenfied,  priei^s  on  applica- 
tion. Made  in  nm»H  from  *  i'  hi.  to  It  in, 
ittelusive  wit  It  sen»\v  connections 
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Armstrong  Machine  Works 

851  Maple  Street,  Three  Rivers,  Mich. 

Steam  Traps  .  .  .  Air  Traps  .  .  .  Humidifiers 
High  Side  Floats  .  .  .  Refrigerant  Purgers 


Representatives 

in  Principal 

Centers 


ARMSTRONG  INVERTED  BUCKET  STEAM  TRAPS 


Armstrong  offers  a.  complete  line4  of 
traps  for  draining  low  and  high  pressure 
steam  headers,  pipe  eoil  radial  ion,  unit 
heaters,  air  conditioning  equipment, 
proeess  equipment,  etc.,  to  gravity  or 
vacuum  return  systems, 

Automatic    Air    Discharge.    Standard 


traps  automatically  discharge  normal 
amounts  of  air  along  \\ith  comlensute. 
Where  large  amounts  of  air  must,  ho 
vented  quickly  when  steam  is  first  turned 
on,  Armstrong  BLAST  Traps  with 
thermic  bucket  vents  are  recommended. 
Air  handling  capacity  ranges  from  .ion  to 
I ;"()()  cu  ft  free  air  per  hour. 


A'o.MU  tfM 

Side  InlH  TrapH 


List  Price  (Regular) 

List  Price  (Blawt,  Trap),   ,   . , 
Telegraph  ('otlci  (HeKulnr), 
Telwaph  <'oil«  (Blast  Trap' 


Numher  of  Bolts      

Diameter  of  BoltH 

Maximum  PrehMure,  HIM, 
ContinuouM       di.v 
charge,  capacity  in  10 

II  i  of  water  per  hour  If) 

at    prcMhiiro   hxli  d      2() 

dated,      For  wore 
complc-tci  informa- 
tion now  tin*  Capa-          £      70 
city  ('hart  iu  Arm*  ,•     1(H) 

Htrona  Htwuu  Trap 
Book, 


1 50 
21  HI 
liflO 


BotfcoHi  I«((»t  Tr-npN 
i*ipcs  ( 'ouiKH'tioiiH 
Lint  Price  (lt<tgitlur). . 

Lint  Price*  (Blaht  Trap? 
Tdc^rHf>)i  Corio  f  Regular* 
Telegraph  (*odtt  (Bluht  Trap! 
Height  ,     . 
Diameter   , 
Diameter  of  Holt*    . 
Number  of  Bolte 

Weight 

Maximum  Prcwwurtv  \\t,  ,,,,., 


No,  MM) 

'/«.rV 

$7,00 
$S,f>() 

Aloe 
AUwMf 

53H" 


IS 

IJ40 

fiilfl 
flW) 
tllMI 

mn 

(ISO 


No,  Nil    j  No.  si;i   -   Nn 
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fll.fil) 
HrottJi 


IUIK) 

KKH) 
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liftll 
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I  {I  °y$ 
1 10 ',7ft 


JtrfHt 
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s* 

5ff 

h 
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CArACITIKS,  PRICES 
j,;         DIMENSIONS 
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High  Capacity,  Compact  Size.  The 
high  leverage  of  the  patented  free-float- 
ing lever  makes  it  possible  to  open  dis- 
charge orifices  \\lneh  arc  very  large*  for 
over-all  1  nip  size, 

Positive  Action.  The  discharge  valve 
is  either  wide1  open  or  closed  tight.  Fast, 
opening  and  closing  prevent  win1 -draw- 
ing. 

Self-Cleaning.  Swirling  act  ion  of  con- 
dcnsafe  during  discharge  carries  dirt 


through  trap.  There  are  no  dead  spots 
for  dirt  to  collect . 

High  Quality.  1S-S  stainless  interior 
parts.  Valve  and  seal  are  chrome  steel, 
hardened,  ground  and  lapped.  Low 
pressure  trap  parts  same  material  and 
quality  as  those  lused  for  1500  pwi,  iK)0°  K. 

Armstrong  Steam  Trap  Book.  3B 
pages  of  data  on  traps,  selection,  instal- 
lation and  maintenance.  A  usable  hand- 
book for  any  engineer  dealing  with  traps. 
Free  copy  on  request . 


TRAPS  FOR  UNIT  HEATERS 
Armstrong  inverted  bucket  steam  traps  arc  particu- 
larly suitable   for  draining  low  or  high  pressure  unit 
heaters  to  vacuum  or  gravity  return  systems  for  the 
following  reasons; 

1,  Air  ami  ('On  are  vented  automatically  every  time 
the  trap  opens    this  keeps  heaters  hot,  helps  pro 
vent  corrosion. 

2,  Conilensate  is  discharged  at  steam  temperature  an 
rapidly  a.s  it  accumulates     keeping  heaters  at  max 
imum  temperatures. 

3,  Leakage  of  Hteaiu  through  an  Armstrong  trap  in 
prop*1}*    working    condition    is    impossible  .  .  .  no 
build  up  of  back  pressure  in  return  lines. 

{»  The  dependability  of  Armstrong  traps  is  outstand- 
ing    they  seldom  require  maintenance. 
A  New  Bulletin  containing  Htn  output  figures  for  21 
makes  of  unit  heaters  explains  fully  how  to  select  traps 
for  thin  service,  A  valuable  compilation  that  is  available 
to  anyone,  upon  request . 

ARMSTRONG  STEAM  HUMIDIFIERS 
For  Stores*  Offices,  Hospitals,  Factories,  Laboratories 

Operation.  These 
units  provide*  auto- 
matic, closely  con- 
trolled  humidifieation 
by  introdurtion  of 
steam  directly  into 
the  atmosphere ,  In 
•staHatioit  is  compara- 
ble to  that  of  unit 
heufer.s.  Steam  nt  Ifj 
psi  or  lews  is  required, 
arge  valve  on  the  hu- 
controlled  by  a  sensitive 
A  fan  mounted  on  tint 
!tftysidifi«*r  aids  in  steam  dispersal,  or  a 
vetiiuri  fio/./Jo  ran  be  supplied,  When1 
iitt  electric  Hpark  might  represent  an  ex 
ploNtott  ha/.urd*  cotnpreKsed  air  operate*! 
ntodets  are  available.  In  addition  t<j 
the  unit  humidifier  tllfwtrated,  thc*re:  Ls 
a  litrgr  model  for  installation  in  large  air 
diictH  ant}  central  heating  systems. 
(*apsiriti<'H  range  from  III  to  ijiit)  ilm  of 
Hteaui  per  hour* 

Advasattges*  (nstitllattott  rost  of  Arm- 
strong  lIumidifierH  in  HH  much  an  80  per 
reiit  lew  than  Homo  typcw  of  ecjuipmont. 
The  Hinnlt  C*-2  unit  ILstH  at  $rj),CKf  coin- 


A  H«*U*fi 

rtiidifi«*r 


s 


plete  with  fan  and  motor,  humidtHtat, 

Htraincr  and  steam  trap,  C)p«!rntioii,  us- 
ing Htciun  at  around  $1.(K)  per  ton,  LH 
<>conontica!,  There,  Is  iu>  extra,  load  on 
the  heating  .system.  No  dripping  -  any 
moiHttire  in  tlie  nteatu  in  roeyafionUed 
in  the  sttnuu^jacktrU'd  separating  cham- 
ber, Control  w  accurate  within  a  few 
per  cent  II.  II, 

Bulletin  No.  1772  gives  complete  data 
(Hi  required  relative  humidit JKS,  selec- 
tion and  installation  of  Humidifiers. 


AH  Armstrong  products  are  sold  on  a  basis  of  satisfaction  or  your  money  back, 
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«r 
128  Brooksicle  Avenue 


Barnes  zjones 

<|^F  *NCOf.»OllAT«0^^ 


New  York  Office:    101  Park  Avenue 


Boston  30,  Mass. 


Barnes  &  Jones  Vapor  and  Vacuum  Systems  of  Steam  Heating;  Modulation  Valves; 
Adjustable -Orifice  Radiator  Valves;  Packless  Quick-Opening  Radiator  Valves;  Ther- 
mostatic  Radiator  Traps ;  Thermostatic  Trap  Replacement  Units ;  Condensators  (Boiler 
Return  Traps) ;  Float  and  Thermostatic  Traps;  Strainers;  Damper  Regulators;  Gages; 
Systems  of  Zone  Control  for  Steam  Heating.  Complete  Catalog  on  Request 


SerieslK 

The  Scries  K  valve 
its  of  the  modulating 
type  equipped  with 
dial  and  pointer  to 
indicate  whether  the 
valve  IB  open  or  shut 
or  in  an  intermedi- 
ate position . 
Lever  or  wheel 
handle. 

Series  F 

The  Series  I'"  valve 
has  no  dial  or 
pointer  and  in  there- 
fore furnished  only 
with  wheel  handle  or 
lock  shield.  Of 
same  quality  as 
Series  K  but  lower 
priced, 

Both  Series  K  and 
Series  K  valves  are  quick  opening,  non-   j 
rising  stems,   renewable  disc  seats,  of  j 
paeklens  design.     Made   angle    pattern 


..-,-  ,  <,,  ..,  „  and  l!,i  in.  si/es;  straight- 
way (globej  pattern  in  :l.t  and  1  in.  si/cs. 
For  us<$  in  vapor  or  vacuum  systems. 

Capacities— Sq  Ft  E.  B.  R. 


2  ouncw 

H  OUIH'OB 


25 
45 


fit) 
90 


IHI 

I  (HI 


I  HO 
2W) 


TypeH 


The  Type  II  valve  in 
of  the  adjuHtable 
orifice  type  HO  ar- 
ranged that  the  dial 
iudicattiHat  all  titucH 
th<»  8i/<ts  of  tlict  radi- 
ator for  which  the 
valve  in  adjtwtcd, 


with  nteain  on  the 
in  openition, 
Lever  or  wheel  handle,  unauthon/.ed 
tampering  virtually  inipoHHihlc*.  Made 
for  proHwuro  dillercintiitlH  of  I,  2t  ,"i»  4  and 
5  pountln,  jht  in.  valves  up  to  101)  gq  ft, 
1  an.  valve  over  100  m\  ft, 


Thermostatic  Radiator  Traps 

The  B  <fc  J  pr(»ei- 

sion  nuide  thermo- 

Ht>atic     trap    eon- 

tainH   the    unique, 

patented  cage  unit 

which    IH    a   com- 

plctte        operating 

unitiuitHelf,    The 

cage  aHHcnihly  con- 

tains   the    double' 

fhermoKtalic  «*leiucnt  calibrated  in  tho 

factory,  and  locked  in  correct  adjiiht- 

inent  with  the  trap  w*uf,  which  is  also 

an  integral  part  of  the  ca^e  unit.    Suit- 

able  for  preKHiiren  up  to  15  Ib, 

-SQ  Ft  of  E,  IX  K* 
«*N  .  Ihtl     I.lt^,  i»w  »s<i  In 

I  1  .,  '  tr 

'  4          1  2          5          I  ft 


I       147       2IHI 
Mt^ltuiu  ntui 


HfHt    !  55 


710    ia 

1UIHI     aai 


tijKh  I'ri's  '('in*  ti'«|<'Minit?iUl«<!f«*r  |»r«M 
MircNii*t^rM*n  (A  Hi  unit  HHIthnttt  l^fitntrittwl, 

Float  and  Thermostatic  Traps 
Made  in  fivcHiwHt'or 


nnddcn  londrt  of  t*wi 

deii«at<"  thai,  arc 
p;r<*at(*r  und  more 

variable  thait  can  be 
hfindliMl  eflicieiitly 
by  thc.rmoHtaiir 

tnipH,    (Suitable  for 


T4I 


1 


2*111 


l?,t   !  '1*44     !    «W       liJttl 

2       '   T45     i  I77f»       iJ» 

kI«Mt'i'iuit  it!t*>,**ur«'  1'".  A  T  tr 


Harnt'H 


I  in, 


^,  In 


itithcr  ttianuatly  from  a  ci«ntritl  Htutir»n  <ir 
autotnat'uialiy  *  from   an   mitcitmr    tht*r- 


urn 
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Carty  &  Moore  Engineering  Co. 

Established  1919 

I  lot)  \V.  Baltimore  Ave.  Detroit  2,  Mich. 

STEEL  R^JDIAl^ """^3^^ 

For  over  a  quarter  of  a  century  Carty-Moore  Speed  Brackets  have  been  recognized 
by  engineers  and  contractors  as  a  superior  product  and  there  are  nearly  a  million  In 
use  today.  Specify  C  &  M  Brackets  on  your  next  job  and  note  the  substantial  savings 
in  labor  due  to  the  quick-mounting  features, 

MODEL  NO.  22  BOTTOM  HUNG 
SPEED  RADIATOR  BRACKETS 

Illustrated  is  the  No.  22  Speed  Bracket  for  hanging  all 
types  of  wall,  tube  or  thin-tube  radiation.  This  bracket 
is  t completely  assembled  when 
shipped  and  all  parts  are  fur- 
msfxcd,  ready  for  quick  and  easy 
installation.  A  orief  instruc- 
tion card  is  on  closed  with  each 
bracket  explaining  the  simple 
adjustments  required  to  hang 
any  particular  type  of  radia- 
tion. Preparation  of  a  C  &  M 
Speed  Bracket  for  hanging  a 
radiator  consists  simply  "  of 
selecting  the  right  hold-back 
washer  (there  are  three  fur- 
nltfhod)  and  bolting  the  hook  in 
the,  proper  hole.  Roughing-in 
specifications  ant  shown  by  the 
drawing  on  the  right.  For  spe- 
cific John  40  brackets  are  packed 
to  a  burlap  bag— jobbers  stock 
them  nix  in  an  attractively- 
labeled  carton.  Shipping 

"  ;ht  approx.  31  lb«.  , ,       ,  f    ,     ,  t    ,      , 

Tliia  bracket  is  also  available  with  double  hook 
and  reinforced  frame  for  double  row  wall  radia- 
tion—HpeeiFy  No.  222, 

MODEL  NO*  33  TOP  HUNG  BRACKETS 

A  completely  assembled  top  hung  bniekct  with 

1 4  its,  outset  from  the  wnll,  oHjwciaUy  approved"  for  government  John,  ALsojivail- 
iiMi*  with  2'J  in.  out«H  for  UoHpitalH,"mHt.itutioiw,  etc,  where  frequent  cleaning  be- 
hind Jh<*  radiator  in  n^quired— specify  No.  333.  When  ordering  top  hung  brackets, 
BjHTify  mode!  number  and  the  typo 'of  rndiatlou  to  b«  hung. 


MODEL  NO.  44  CONCRETE  INSERTS 

(lutty  Moore  No,  44  Concrete  fnwrtn  hnvct 
\w*u  mnl  by  Iwuling  hoatiriK  contractorn  antl  a 
iigiifd  in  iniVit  fchet  u«wt  exacting  rcqulremcntM. 
C  A  M  Ftmnrt  i«  mudo  of  hctavy  K«KO  prcnncd 
ffttunpingH  for  J  in.,  |  in.,  S  in.  and  |  in,  nutH.  A  long 
tmvc*l  «lot  p«*rmitfl  ample  adjuntment  yet  ilw  nut  can- 
not pull  out  Htici  the  wi<lo  winRBproad  allows  tho  in«(»rt 
to  biH!«niifj  deeply  imbedded  in  the  concrete  HO  it  can- 
not tear  out  uncinr  lieav  strain-  5()-J  in.  or  1  in. 


Tl 


packed  in  a 


g 
carton-  -25-  2  in,  <>**  I 
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Heating  Systems  *  specialties 


C.  A.  Dunham  Company 


HEATING  MEANS  BETTER  HEATING 

400  W.  Madison  Htreofc,  Chicago  6,  111. 
In  Canada:  C.  A.  Dunham  Co.,  Ltd.,  Toronto 
In  England:  C.  A.  Dunham  Co.,  Ltd.,  London 


DUNHAM  RADIATION 


He-signed  for  wteam  or  vapor;  gravity 
or  forced  hot  water  heating  .systems. 
Casings,  are  No.  IS  gage  stceJ  with  re 
movable  fronts.  Dampens  available  on 
order.  KDR  capacities,  with  steam  at  I 
Ib,  (55  dog  I*1  entering  air;  7,1  to  125,7  H(| 
Ft,  Cabinet  dimensions;  4  to  IO  \  in. 
wide;  IS  to  (M  in.  long;  120,  21  and  ,'tt  in. 
high.  In  addition  to  tho.s<»  (Hunt rated, 
floor  and  wall  cnbiiu*t»s  can  be  furnished 


Convector  Radiation 

with 


sloping   tops.    ParfialK    and    fully 
r(kn\sH(nl  types  n!.H<>,'ivailabh\ 

Healing  element  of  non  etn'rosive 
materials;  copper  or  ahiminuni  iirts  on 
HeautlesH  drawn  round  eopner  tubes 
brn/,«kd  to  brott/,e  headers,  Tube.H  e\ 
paiuied  after  assembly  to  assure  positive, 
permanent  nmtaH  with  fins,  llravy 
Hide  plates  protect  fins  from  damage 
Working  pressure;  150  !b  hteaiu  or  water 


Baseboard  Radiation 

Designed  for  forced  hot  water, Hteam  or  vapor  heal 
Baseboard  consists,  of  front  and  back 
i  of  heavy  gage  sheet  si  eel  plus  the  Dunham 
finned  hcatiu^  element.  Kasily  installed  in  ne\s  or 
old,  largo  or  small  structures.  Front  and  back  onelo 
sure  soe-lions  shipped  in  10  ft  lengths  and  cut  to 
fit.  on  the  job  assembled  by  merely  slipping  front 
sections  over  flanges  of  back  sections,  Front  sections 
are  removable  and  are  formed  HO  that  warm  air  in 
directed  away  front  walls.  Baseboard  can  he  painted 
as  desired.  Individual  room  dampers  are  optional 
equipment.  Finned  heating  elements  are  available 
in  lengths  from  1  ft  to  0  ft,  made  of  steel  pipe  wills 
BtceJ  fins,  stool  pipe  with  aluminum  finn,  or  copper 
pipe  with  aluminum  fins, 

Pin-Vector  Radiation 
Designed  for  use  with  two 'pipe  wteam 
or  forced-circulation  hot  water  heating 
systems,  Fin -Vector  Radiation  available 
in  following  forms:  Type  COT  10  Kin 
Vector  Cabinet,  Type  OT-10  CH  Cover 
Assembly,    or    expanded    metal    grille, 
May    bo    installed    to    form    one    long, 


uned 


Typo  <)T  I  hutting  KSemenl  in 
witfi  all  of  these  oneioHureH  and 
of  Ii  in,  Htool  pjpo  with  Htee.l  film  (OTS}, 
U  in,  Htooi  pipe  with  aluminum  fhw 
(OTSA),  II  in.  copper  pipe  with  alumi- 


Hum  lift«  f'OTCA*.  All  fin?4  nn*  niechani- 
citlly  atturhiMi,  e;*ch  fin  iitli*rIiM'kifig 
with  preceding  fin.  MU»irw*n*«  an* 
threaded  ill  earl*  end  with  jntatidani 

tin  fur  w«*!d**it  jiiju* 


C.  A.  Dunham  Company 


Heating  Systems  *  specialties 


DUNHAM  UNIT  HEATERS 
Horizontal  Discharge  Type 

Typo  V  gives  bet  tor  heat  distribution  b.\  supplying 
proper  volume  of  air  at  reasonably  low  outlet  tem- 
peratures. Available  in  two  models  —II  and  IIM.  H\l 
model  is  designed  to  give  proper  final  outlet  tempera 
tares,  is  generally  used  on  higher  steam  pressures. 
Sturdy  steel  case  assures  maximum  rigidity  and  free- 
dom from  vibration.  KDH  capacities  from  05  to  1500 
MI  ft  with  *J  Ib  steam,  ti()  dog  entering  air. 

AVoM/  1'iVu',  Ti/t 
Type  R  Blower  Type 


T\  po  H  ]  }csignod  to  heat  large  spaces. 
\vntiabic  vuth  mising  dampers,  by  pass 
damper,*  and  filter  sections  for  heating 
and  ventilating,  or  for  heating  only, 

Bell  driven  eontrifimai  t\pe  blower 
fan**  ti^<*  eousiant  speed  t7«")()  rpiu  motors 
on  (»<i  eu'Ir  nt  direei  current,  I*'aus  are 
double  width,  double  inlet  t\pe  \\ith 
ffU"\\ard  pitt-hed  blades,  .Self  niigning* 
dust  pro* if  ball  bearing;-?  support  fan 
' 


Heading  el<»m(^nt.  is  replaceable  tube 
type,  Brass  clamping  nuts  securely 
I'iiHfen  seamless  drawn  helical  fin  copper 
tubes  into  somiHteel  cast  headers.  AH 
essentinl  parts  readily  accessible^  and 
can  be  removed  through  either  end  of 
heater  casing. 

Working  pressure;  up  to  150  psi  sleam 
with  KJ>K  capacities  up  lo  BOOO  sq  ff». 


Cabinet  Type 

T\  pe  \I ,  eoiiipiicK  cabinet  type  unit.  Quid  in  opera 
ti*m  Ilrating  eietueitf  «»!' non  iVrrous  materials  copper 
!ij}»  on  copper  lubes,  silver  soldered  to  bronze  headers, 
Tithe*  e\pjinde«l  into  (in,**  [>r<ivide  permatient  mechatiical 
bond,  \I;tnijf,'jc«itre»l  in  three  sixes:  JUS,  tfjX),  and  -\M 
Kl)lt  eiipaciiteH  at  *J  Ib  steam,  flO  de^  entering  air, 

Vertical  Discharge  Type 

Type  C"  diM'fmrfj,oN  atr  stream  vertically  downward, 
Outlet  tf*mp**raf tiWH  relatively  low.  Volume*  of  air  kepi 

hi^h  to  promote  uniform  heat  diKtributloti  iiori^ontally, 
as  uell  as  to  eqiiiilixe  temperature  differences  between 
floor  and  c*«*jlinic-  Four  I  \  pen  of  airdifTiwet'Haro  available*, 

Ht-uliiiK  r'lemeiif  of  noli  ferriHin  materials,  Tub<*s  are 
|  in,  III)  copper,  MI  Ivor  soldered  into  heavy  <'opjier  tube 
hwidet'H,  TUI«*M  expanded  into  linn  provide  positive, 
permanent  Jiiecha.!iH%'d  bond.  Finn  are  copper  or  alumi- 
num, 

Ml  motor*  operate  nt  11-H)  rpm  on  00  cycle  or  direct, 
csirrt'iil ,  eKcepl  on  ^'IflOC'  and  ('I.^rCM  which  rerjuire 
HHKIrprii, 

Two  modt'ta  available;  Model  ( *  for  operation  on  steam 
pri'HHurrrt  from  2  to  150  Ib  g«g<*;  Model  CM  dwKned  for 
UH*»  on  Itinlier  Hfciitit  prennurert,  Ma,de  in  nine  HI/.CM,  15<) 
In  2(MK|  KI)!t  ejipaeifieH,  2  IbMeam,  IK!  de«  entcrirtK  air, 


'/'// / 


«/JV*  Ufttter 


C.  A.  Dunham  Company 
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DUNHAM  HEATING  SPECIALTIES 

Traps 


Low  Pressure  Thermostatlc  Traps 

For  all  types  of  low  pressure  steam 
heating  systems  up  to  15  Ib  gage,  Dun- 
ham design  assures  freedom  from  clog- 
ging; thorough  d nuiiing  of  radiators 
by  gravity;  minimum  wear  on  parts. 
"Body  and  cover  of  east  bronze;  disc 
of  Monel  metal.  Round,  slightly  raised 
valve  seat  minimizes  depositing  of 
incrustations. 


High  Pressure  Thermostatic 
Traps  (TH  series) 

For  5  to  100  Ib  working  pressure  Traps 
operate  in  response  to  pressure  caused 
by  partial  vaporization  of  liquid  within 
thermostatic  disc,  Trap  is  non -adjust- 
able; permanent  adjustment  for  cor- 
rect operation  built  into  thermostatie 
disc.  Body,  cover,  union  nut  and  nipple 
arc  brass.  Special  welded  Monel  metal 
disc  is  designed  to  reduce  movement  at 
rim  and  distribute  dine  motion  uni- 
formly. 

Valve  and  seat  are  special  heat  treated 
stainless  stecl.  Spherical  valve  is 
swiveled  to  insure  tight  seating  without 
causing  localized  ntrcHKCH  on  disc.  Kx- 
ccptionally  large  valve  opening  permits 
ready  passage  of  water  or  dirt,  unob« 
st  rue t CM!  by  guide, 


Stundnrd 

+ 

15  Lb  to  15  in. 
Vacuum 

Put-tern 

Tapping 

KuVilu1 

Sisso 

No. 

AP 

SW 

I  C 

Hi  I 

'/ 

2(10 

IAI 

VH 

2  K 

KW 

K* 

400 

3  C 

AP 

r 

700 

*  ItntinKB  ant  bawd  <>u  ^4,  Ib  wmda 
pw  nq  ft  of  KDli  ptir  hour  Mid  H  I'a  J 


\VniUfiff  FP*  ,+»»•««  L!»s          v,  . 
l^rSq  !u    <{HW*  •}* 


Till  A  »  ,*  $25  ,15S  .1flU  M4»  2 
TH2A  »**  HIS  «fiA  HHII  UitMl  2^ 
TH3A  I*  2W»  TW)  l»W>  I7HU  3 


Float  and  Thermostatic  Traps 
Operating  FreHHurcB  up  to  15  pm  pfa^(j. 
adaptable  for  service  a«  a  drip-trap  for  dripping  imdn  r>f 
steam  niain«,  unit  ImatorH  and  all  typc«  of  heat  ex- 
chaiigorH.  ( Capable  of  handling  large*  naiountH  of  air  and 
water.  Float,  w  ma,do  of  copper.  Float  valve  and  acnt  art? 


Monel  motal.  Body  can  m»  nunovt'd  for  inH|«?ction  of 
working  partH  ^without  diHturbin^  piping  cottimrfiomt, 
Bixcn:  J  in.,  I  iti.,  IJ  inM  1J  in.,  and  2  in,;  r<*Hpi*t'fiv«» 
capacitipw:  K(K),  2000,  4800,  9000  and  20,IMKI  KDH  at  {  it*  *">*  w 


condetmate  per  HO  ft  per  hr  with  2  Ib  piuHBurit  diifcrf»iilnil  , 
Series  31  doncd  float  trap»  available  in  Humet  «apat'itiew, 

°&f*  lnwM  Averted  Bucket  T»pi 

Typo  ()HH>n-f<»r  operating  j>n*KMun*x  up  to  l«r*0  i 

H^,»iw;  I  and  J  In, 

Type  OH-  for  ojittniTing  pr<*HHtii'<*N  tip  to  1*111  !!>, 

HIJSCH:  |  to  1  1  in.  inclumvo. 

l(1or  venting  air  and  draining  water  frciiu  high 

Hie  a  in  HIWSH,  heat,  exchangitrn,  «li*rilix«*r«  stitd  |i 


awl  hold  wiumnumt  rapacity  lo  a  uiaxuuuni* 

Body  and  cov«r  of  itigli  twinHc*  iron  cui-HtingH,  Valvo 
arid  Heat  (roaewnbh*  Alia  hiU*n*itattgf*uhi»)  »««  »f*««ial 
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DUNHAM  HEATING  SPECIALTIES 

Valves 
"Oriflex"  Valves 

Self  contained,  adjust  tiblo  orifice,  valves,  packlcss  bel- 
lows-type for  proportioning  steam  supply  to  each  radia- 
tor. Unique  "handle  movement"  eliminates  graduated 
opening  or  closing. 

Valve  need  not.  be  disconnected  to  make  adjustments, 
insert  key  on  adjustment  stem 
at  desired  setting.  Sizes:  }  and 


Merely  remove  han<!l 
and  turn  to  set,  orific 
I  in., 


Type  m 


Spring  Packed  Valves 

Designed  for  low  pressure  steam  heating  services.  Body 
is  brass  easting,  rough  finish.  Heavily  constructed  brass 
union  nuts  and  nipples.  Non-rising  stem.  Valve  opens 
fully  on  less  than  one,  turn  dial  shows  direction  and 
amount  of  opening.  Heavy  spring  keeps  constant  pres- 
sure on  special  graphite  asbestos  composition  packing  to 
maintain  tight  seal  around  valve  stem.  Sizes:  J  to  2  in, 
inclusive. 


Packless  Valves 

For  nil  types  of  low  pressure  stejini  heat-ing  systems, 
Body  and  bonnet  are  brass  cast  ing,  rough  finish,  Heavily 
constructed  hrasn  union  nuts  and  nipples.  Tinned  phos- 
phor Iwmxr  bellows  scaling  member  gives  maximum 
resilience  And  wear;  prevents  leakage;  keeps  steam,  wa- 
ter and  dirt  from  clogging  and  corroding  spindle  nut 
anil  screw  ,  Non  rising  stem.  Heat,  nwtHtant  composition 
handle,  Sim*:  J  t°  U  *n-  iuclumve,  Packed  typo  radiator 
valve.s  ;tlh*o  available  for  Hfenin  and  hot  water 


*(i<»n,  Typti  1140 


Dunham  Pumps 

Vacuum  Pumps 

Thene  pinnpn  efficiently  maintain  desired  vacuum 
rango  on  return  linen  and  deliver  water  of  condensa- 
tion direct  to  low  pressure  boiler.  Kaeh  pump  has 
own  control  panel  win-  I  through  to  motor.  Selector 
Mwitch  on  panel  permit;  pump  to  operate  on  fully 
mitoittatic,  continuous,  or  float  control.  Type  VH 
Pumpn  are  furnished  UH  single  or  duplex  units  with 
neparate  accumulator  tank  to  handle*  low  returns, 
Type  VIU)  Pumps  are  Duplex  units  complete  with 
integral  accumulator  tank  on  a  single  bod-plate. 
VIU) A  Duplex  pjumpH  with  separate  accumulator 
tank  are  also  available. 

Made  in  nine  HIZCH  from  2/KK)  to  fJ5,0(KJ  KDlt.  PumpK 
built  for  20  Ib  discharge  pressure;  also  for  JJO,  4(1,  5() 
or  higher  prenHurea  accru'ding  to  requirements. 


Condensation  Pumps 

A  complete,  compact  nHneaibly  that  automatically  re* 
tunw  water  of  condeimutitin  to  boilero  from  gravity  H,VH- 
t**ins  or  wi**rtiti  proce^M  e.qtiipnwuit,  Pump  anrl  motor  an- 
wuublifil  ot»  rigiil  ciiHt  iron  buw*.  Bronxo-  fit  ted  cent  rifugal 
pump  IIHM  non  corro«iv<t  whaft,  «ndoH««l  type  impeller, 
Iibi»ntl  HSW4  imll  bearingrt, 

Type  CH  -  Model  Cf  Single  and  Duplex  ^nimriticw  3(KX) 
to  fX»,CMK)  wj  ft  KDR;  ill)  cycle  a-«  or  cl-c,  1750  rpnt  2f>  or 
Sf'l  ry(*J<»  ii'«%  Mfil)  rpiu. 

Type  CHH  'Model  C,  Single  and  Duplex*   capacities 
Hftit»»  JIM  Type  C'fL  DiHchargi*  proHnuru  20  Ib  for  pumpn 
ir>,<KKI MI  ft  KDIi  and  larger;  IU>,  40,  51)  and  711  Ib  dwel 
In  all  HJ/^H.  W)  ryclit  a^r  or  *!•(%  Hf5l)  rpm,  '25(>r  5() 
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DUNHAM 

Vari-Vac  Differential  Heating 


Cuts  fuel  costs  up  to  40  per  cent.  For  tiv  212  F  or  higher  is  obtained   if  needed. 

cry  me  or  iyp<M>f  building  regardless  of  In    mild    weather,    Vari  Vac    circuhitcH 

location  or  climatic  conditions,  .  .Dun-  st  earn  ;ts  cool  as  t.'M  K. 
ham    Vari-Vac    Heating    Systems    save,          Dunham  Van  Vac  System"  ari*  'job 

up  to  40  pur  cent  on  fuel  conls.  Such  waled"  in  seven  ilifiVivnt   si/«M'    BHHJC, 

Havings   a,r<»   nHHurnd    hccauw^   Vari  Vac  Primary  »    Mtviiutu,    IniiM'inetiiate,     \«I 

provides  the  precise  amount  of  heat  re-  vanceo!,  Delu\e  and  Supreme, 
quired  by  uUlittin^  a  con  timt  o  //«  flow  of         For  further  iitform;tfif»n  ;iJ»«»ut    the-^e 

8l(wn   at    JW/W/WM/J/MT/V    /;/vN,sv/rr,s    //w^  ellicient    variable   vanillin   heating  s>^> 

vary  wilh  the,  wutfwr,  leius,  nee   umr   Dunham  enuiiiei»i\   Or, 

Dunham     Vuri  -Va,c    -a,    simpl(»     two-  nen«I  for  free  Bulleiiit  3HI  ttltielt  telln  in 

pip<%    ntenm     heating    HyHtein-""exactly  detail  hovv  V.-ui  V«e  op(*ra  !<•.*<  uitd  how 

balances  heat  supply  with  heat  demand,  it   finsy   be  liile*!   in  ihe  neeils  *»f  anv 

In  cold(SHt   woather,  wteam    an    hot    an  buildhiK, 


In    most    principal    eilies, 

Ilenlirijtc  Service"  in  an  isi*nr  to  \uti  ;IH 
your  tel<iphone.  Mxpert  ItealitiK  entfi« 
ne.cu'H  are  available  for  cotitwfl  at  at! 
Dunham  offices,  See  your  Hacwfird 


Heating  Systems  *  steam 


William  S.  Haines  &  Company 

1010-12  -I  I  Wood  Street,  Philadelphia  7,  Pa. 

Manufacturers  of 
EQUIPMENT  FOR  VAPOR  AND  VACUUM  HEATING  SYSTEMS 


PRODUCTS    Haines  Vento  Radiator  Traps,  Medium  Pressure  and  Blast  Type  Traps, 
Combined  Float  and  Thennostatic  Traps,  Air  Eliminators,  High  Pressure  Thermo- 

static  Traps,  Boiler  Return  Traps,  Radiator  Valves. 


HAINES  F  &  I  TRAPS 

l>osif*nod  to  handlo 
largo  quantities  of 
tMmdotisnt  ion .  Fur 
dripping  strum  mains, 
unit  heaters,  hot 
water  gon  era  tors,  oto. 
Cannot  hoeomo  air 
bound  as  t  if  has  a 
thrrntustattndly  ron- 
i  rolled  air  I»y  pass. 
Si/on  :li  inM  1  in.,  I1;* 
in.  For  p  roust  ire«  to 


HAINES  MEDIUM  PRESSURE  TRAPS 
A 


trap.      l«loa! 

fur    h'mpital     -~^ 


HAINES  MODULATING  VALVES 


HAINES  RADIATOR  TRAPS 

Tim  thermostatie  olo- 
iiiotit    in    all    IlainoH 
Traps   is   a,    Konrdon 
tube,  eharpod  with  si 
volatile  fluid  and  hor- 
motioallvsoalod.   The 
ox pans  i  o  n 
and  cont  rae- 
tion    of    the 
fluid,    lunler 
varying  tem- 
po rat  ure,Mt 
lurniBhi's  the 
o  pe  rating 
power.    The 
vortical  neat  of  thi»   trap  prevents   it 
from  becoming  inoperative  from  sealc  or 


HAINES  HIGH  PRESSURE  TRAPS 

For  <lrij)- 
pi»« 


in  n  i  nn  , 
laundry 
o  q  u  i  p  - 

inent  and 
all  proc- 
ckHH  fix- 

tures with  working  pre«aur(»H  up  to  1  25 
pountlH. 

HAINES  BOILER  RETURN  TRAPS 

For  vapor  and 
at  mosphori  c, 


proof    porfonn-  J  fation  by  vont- 
an  «e  ,    (,'oin  -  j   injr  tho  uir  and 


titan  n  full  turn  j 


to  tho 
iiK  no 


or  pacsked  joint  H 
to  leak  air  or 
water. 


Each  device  is  Individually  tested,  factory  adjusted  and  guaranteed 


Heating  Systems 


,  Steam  and 
Hot  Water 


Hoffman  Specialty  Company 

General  Office  and  Factory 
1001  York  Street,  Indianapolis  7,  Ind. 

Sales  Representatives  in  Principal  Cities 

Manufacturers  of  Radiator  Air  Valves,  Quick  Vents  and  Air  Eliminators  for  all  types 
of  Steam  and  Vacuum  Heating  Systems— Steam  Traps  of  all  kinds— Radiator  Supply 
Valves — Vacuum  and  Condensation  Pumps — and  Hot  Water  Automatic  Heat  Control 
Systems. 

RADIATOR  AIR  VALVES  FOR  STEAM  AND  VACUUM  SYSTEMS 


I 


No,  40 


No.  41  No.  4S  No,  WA 
and  No.  45 


AV  1A 


No.  40  Steam— Hoffman  patented  tongue  syphon— ]«  in.  connection  -fixed  port, 
No.  41,  43  and  45  Steam-— Straight  shank  for  c<>nvec<orH~ -telescopic  Hvphoit     l  «J  in,, 

'.i  in.,  and  ?4  in.  male,  }%  in.  female  connections* 

No.  70A  Steam—Tongue  Syphon-  -Nou-adjustiiblo,  single  port     ?s  in,  connection, 
No.  71 A  Steam— -Straight  shank  for  convectons  • -telescopic  syphon  !  s  in.  eon  nee  t  ion, 
No.  1A  Steam— Tongue  Syphon—  ADJUSTABLE  air  opening    Js  in.  connection. 


No.  2A  VACUUM— Tongue  Syphon-  -ADJUSTABLE  air  opening 
No.  3  Steam— For  Airline  or  PAUL  systems-  •} «  x  'j  in.  eoini. 


STRAIGHT  SHANK  VENTING  VALVES 


s  in.  connwf  ion. 


No,  4         No*  4A        No,  JO  A  No.  74  No.  71  A%*. ! 

No,  4  Steam  Mains —Will  not  clows  against  wator*—?,j.  in.nmlc, f ;?  in,  fi!ii 

No.  4A  Steam  Mains-'-Float  clones  against  water-    :*,t  in,  male,  *  ;*  in,  fenmler oiiiw»etioru 
No.  16"A  VACUUM  Mains  -  Float  clones  agairmt  wafer  -?4  in,  male,  K  in,  feiimfi*  eon* 
mjction. 

No.  75  Steam MaifiS-^-Modi an iHyHtctniH has  float  -?,t  in.m<ilc»Ji»iti,f4»niHleeoniM*e,fu»»l, 

No.  76  VACUUM  Mains -'Modi  urn  ByHtenm  -hiin  float '""?.i  in,  mai*%  '.?  in. 


No.  7SA  Steam  Mains  ""Large,  ny« tents  at  low  pnsHHurc '-hjw  float    i:itii».  urn!**,  */in, 

malo  connection. 
No.  7<5A  VACUUM  Mains —I^argis  «yHt«iniH  low  pnsHwurc  •  I»IH  ll«wt""  si  in.  itt:ilt%  !  •„*  in, 

female  connection, 
No.  74  Unit  Heater  Vent  Valve—Of xtriiUiH  0  to  35  Ib,     Veutw  nir  at  any  pnwtin*  umi 

whether  rining  or  fitlii tig  —cnn  ho  iwwl  on  «(e«i«  mairiM1-  :i,|  in,  itiitl<%  *;»  in.  f«i««,!<t 

connection. 
Wo*  79  Hot  Water  Vent  Valve— PoaiUvely  removcn  air  from  piping  of  any  hot  watur 

system.    Max,  pressure  75  Ib— ?4  in*  male,  H  in,  foiualo  «onriiHJtion  nt  lifwit  and 

tapped  at  top  for  M  In,  pipe  connection* 

l&W 
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t  Steam  and 
Hot  Water 


LOW,  MEDIUM  AND  HIGH  PRESSURE  THERMOSTATIC  TRAPS 


MUM  //if/ A  Pressure 

Low  pressure  traps  have  brass  bodies,  eaps,  and  union  nut  and  tail  piece.     17C  is 
made  in  Anglo,  Swivel  and  Vertical  patterns.    SO  is  made  in  Angle  and  Straightway 
patterns.    !K1  is  made  in  Angle  pattern  only.    Thormostat  and  seat  both  renewable. 
No.  17C  Capacity  -UO  sq  ft  KDR  15  Ib  pressure,  ly  in.  connection 
No,    M'  Capacity  400  sq  ft  IODR  25  Ib  pressure  ?.i  in.  connection 
No.    !K '  Capacity  700  sq  ft  KDH  125  Ib  pressure  1  in.  connection 
Medium  Pressure  Xos.  S«fc  0  and  High  Pressure  Nos.  811  «fe  Oil  have  all  bronze  bodies 
and  caps  with  union  nut  and  tailpiece.     Thermostats  are  0  diaphragms  of  special  non- 
eoiTowive  in<ktal,    ThennoHtats  and  sc^ats  are  renewable,     1 2  in.  sizes  are  furnished  in 
Angle,  H,lf,»  LJL,  and  Straightway  patte.rns,  others  in  Angle  only.     Medium  Press. 
50  Ib  limit.     High  Press,     125  Ib, 
Capacities-  -Lb  Condensate  per  Hour  —Working  Pressure—Lb  per  Sq  In,  Gage 


f» 

UK> 


180 


$00 


2*5 
23f» 
31K) 

450 
025 


50 
400 
4SW 
Oflfl 


Traps 


HH 
8U 
OH 
ttll 


-•25—  '- 

"  50 

"too"" 

!2S" 

""235' 

400 

""550" 

w" 

300 

4110 

050 

720 

450 

050 

875 

050 

f>25 

850 

1125 

1250 

FLOAT  TRAPS,  DIRT  STRAINERS  AND  SUPPLY  VALVES 


«"»0  A  i  it*  t  Float  mid  n»**rm.  TrapH,  are  available  in  larpe,  capacities  and  f<j...  } ...  ..,.T 

!^»  110,  Ml  nwl  I2a  !b.  I  nn\  for  vtfiifingand  draining  riworH,  Ktoani  mains,  unit.  lit«at(»r«, 
lfb«f  roth,  f  tr.  50  Serit»H  Tra|W  am  nuwk  for  easy  Korvicin^  witli  all  working  parln 
iftmiiilftd  o'n  rover,  Kiuuovr  four  boltn  to  expose!  all  parts.  Pipe  sizes  ar«  from  j*i  in. 

lUtimtor  Supply  Valves  aw  utadu  in  nhm  front  J'M»  to  2  in.  mtAngle,  \{,lln  I/.IL, 
liiiil  St migiifwiiy  "|Kilt«*nw,  BNIHH  UodifH,  tinion  nut  and  tailpiece.  NOH.  ISO  and 
IH5  hnv*«  mm  riwinit  ImucllitH,  Both  am  packle«H,  No.  b%  SH  specially  suited  to 


4  tf  t  ,  f,      .  , 

Dirt  SiratmrrK  iiresidf  climniiig  \  typo,    BraHHHt  raumr  cyhnd«tman<lfa«t 
butly,    HIK<«  !  i  to  2  in.  for  l^r>  Ib  jjreHHure,    Should  Ix*  um«l  inline  ahw«l  of  all 
itnti  tJH*rnitwtttVtc  tntp«.    MHO  avitilaltlo  witii  rnonol  metal  Htrnin<»r«. 
CONDENSATION  AND  VACUUM 
PUMPS 

I loff utau-Kftonoiuy  puitipH 

an*  ayailnblif  in  varying  ea- 
piifiticM,  !),('.  mid  A,(?,  cur- 
runt,  mzigta,  two,  or  thntt* 
pltitw%  a«<l  in  pre««ureH  up  to 
21H)  lh*».  AlHo  fiitide  In  ahiglif 
laid  duplex  tiiittu  for  differ  - 
(tnt  ctipacitiott  and  pnmHUr<»». 
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HOFFMAN  "PANELMATIC"  HOT  WATER  SYSTEM  CONTROLS 

Designed  for  all  Types  of  Radiant  Heating 

The  Hoffman  method  vastly  improves  the  ordinary  forced  hot  water  system  by  the 
application  of  Continuous  Circulation.  This  method  permits  n  smoothly  modulated 
regulation  of  the  heat  supply.  The  Control  Valve  closes  and  the  circulating  stream 
by-passes  the  boiler  as  long  as  the  heat  requirements  arc  satisfied. 

When  the  circulating  water  begins  to  lose  heat,  the  Control  Valve  is  slowly  opened 
by  the  Controller,  permitting  hot  boiler  water  to  enter  the  system.  Thus,  the  delicate 
precision  of  the  Hoffman  Controller  smoothly  varies  the  temperature  of  the  contin- 

uouxltj  circulating  water  so 
that  the  heat  supply  is  always 
equalized  with  the  heat  loss 
ami  room  tempera  tun*  re- 
mains constant  throughout 
all  changes  in  tlw  weather. 

There  is  no  type  of  build- 
ing to  which  Hoffman  Hot 
Water  Controlled  Heat  ejin- 
not  be  applied.  The  system 
permits  ztnntnj  of  apart- 
ments, institutions,  large 
residences  and  factories, 
thereby  assuring  a  distribu- 
tion of  heat  in  direct  relation 
to  either  personal  tempera- 
ture preference  or  to  the 
functional  activities  of  tin* 
building, 

toMnJevVAwi      " r  iwii^Ft  ;»i:>u /v>'?  t 

HEATING  COMFORT  IS  ACHIEVED  BY  THESE  SIX  HOFFMAN 

SPECIALTIES 

The  Panelmatlc  Controller 

The  brain  of  the  Hoffman  MVHfejii,  It 
automatically  maintuinK  a  ronHtant  rtnitf«»rt 
condition  regardless  of  the  outdoor  tempera- 
ture. ^  Its  accurate  balancing  mechanism 
electrically  opens  orehmon  the  Hoffman  Hot 
Water  Control  Valve  an  required, 

Outdoor  Temperature  Anticipating   Bulb 

<r "-—.,,     .  *^'m  ^*1^1  transmit*  changes 

tJl*,',;::^"^"^i  in  the  outdoor  fin  ape  mint***  to 

Comfort  Controller, 

Hot  Water  Temperature  Bull) 

,       At'i'Uratfly     relays      tetM{i<»r,v 
».?ture  ehariffi'M  of  flu*  «ipjtly  main 
water  to  the  huIafC'inK  uieelian- 
iHiii  of  the  HotTnmn  <  "oinforf  ( '(Mttf'«*i)i«r 

Hof  »ur  n 
Circulator 
A     < 


Hot  Water 
Control  Valve 

Opoim  only  Huflicienily 
to  supply  the  cc^rn*ct 
mnount  of  wat(»r  to  main- 
tain tlu*  proper  water 
temperature  hc»in^  circu- 
lat.ed  through  MuiHyHtenu 

Thermometer,  fihouhl 
he  installed  about  II  in, 
from  Buhmc»rgc»d  Wat<»r 
Temp.  Bulb, 


Balancing  Orifice 

s          A     culihratcd     orifice 

^       iwecl  to  baljince  tho  dr- 

cuitn  through  the  boiler 

and  through  the  Hoffman 

circulating  pipe, 


»l    *';ifi«i«'ii y 
and  low  in  |»<mf*r 
i  in  |i  I  to  |i 

i'xuritlv  sii^faJlMfl 
lit       flu* 


mam 
through  flu 

pUtH 

motor  that* 
rwill 


u|H*rntioii 

!«*   Iitifiip 

inlf^fiiilfeiif  *i|ii*nfclttifi   us  any 
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HOFFMAN  PANEL-FLO  VALVES 
for  adjusting  the  flow  of  water  through 

individual  Panel  Heating  Coils 

(iives  n  uide  rjmtfo  adjustment  ol*  water  flow  to  each  coil  with- 
out affecting  the  heal  output  of  the  other  coils  can  cut  floir 
thn^njh  coil  UN  much  ux  tin  per  rcnL  .  .  WITH  X<)  AlTKKTl- 
ABLK  rilAN'CK  IX  rimTLATLMJ  ITMP  HKAI),  Has 
indientjn^Dial  for  accurate  {setting of  each  coil —or  adjusting 
any  coil  without  affecting  the  other  coils, 


HOFFMAN  INVERTED  BUCKET  TRAPS 

Working  Pressures  to  200  Ibs 
^  Simple  mechanism  assures  high  operating  (  fliciency. 
Feat  urns    include  —  straight-through  -  — 

pipe  connection;  simple  seat  adjust- 
ment; all  working  parts  connected  to 
bonnet  and  easily  removed  with  it;          ( 
•stainless  steel  seat  and  pin. 


HOFFMAN  PRESSURE 
DUCING  VALVES 


RE- 


Series  710  Max.  Press,  250  pm.,  Low  Press.  5toSOpsi* 
Series  700  Max.  Press.  200  psi.,  Low  Press,  1  to 25 PHI. 
Choice  of  types  specifically  engineered 

for  your  needs --continuous  service,  or, 

for  tight,  sealing  against  low  pressure  side 

when  there  is  no  demand  '-and  with  typi 

nil  HotTinan  features  of  design.  iSmar/o 

HOFFMAN  TEMPERATURE  REGULATORS 

Series  1100- "for  steam  pressure  to  150  Ib  ner  «q  in. 
Standard  temperature  range  -*S()  F  to 250  F,  Other  ranges 
available  on  special  order.  Self-motivated.  I  lydraulically 
formed  bellowa  of  selected  material,  Hugged  <'onst ruction, 

For  water  heaters,  eonveetors,  fuel  oil  preheatens  and  other 
Himihir  applications, 

HOFFMAN  aZONETn  ZONE  CONTROL 

Series  1200  Xonet  Hyntemn  or  packages  for  Steam  ami  IIol  Witter 
cottHiHt  <»f  heat  anticipating  Hoow  Tlie.nnostut,  motor  ofXTated 
Cilobe  Typt!  \*«lve,  Transformer,  Fuse  Block  and  Fuse*  and 
in  the  eus<*  of"  steiun  stoning«  it  Vacuum  Breaker.  The  motor 
operated,  two  position,  single  Heated,  packed  globe  type  Valve 
(illustrated)  is  avuihible  in  si/tw  from  !;»  in,  (otnn,  Maxiuuim 
Mfrviei*  pressure:  «te,um  HXI  !bw  perstj  inM  water  150  H>H  pcr.nq  in. 

HOFFMAN  ELECTRIC  CONTROLS 


*<3B  • 


Hoffman  (>ft 
t»f  fjin-  quality  electric  fonfrok  for  steam, 
fiot  wutirr  tt»»<i  w.'inii  air  heating  K?v«tenis. 
These  rotttrotrt  an*  cHjiemlly  suited  fi^r 
use  with  other  famous  ilofTiiutn  heating 
HyhleuiMM-eiahiehand  provide  one  .source 


tt;jrftnn 
Kt«*m 

7Vf  fflfrtMl 


wat  infaetory  p«'rft>rf»untMs  ^  Illunt  rated 
are  two  popular  control  units,  typical  nf 
thtr  eotii|>let<t  HotTtuua  line. 


Heating  Systems 


HAMMOND  ~ BRASS  WORKS  ^  HAMMOND,  INDIANA 

HAMMOND  VALVES 

A  complete  line  of  packed  type  radiator  valves  for  steam;  gravity  and  circular  hot 
water  systems— balancing  elbows  and  fittings  for  forced  hot  water  heating  systems 
and  floors,  ceiling,  and  wall  radiant  panel  heating. 

Hammond  Circulator  Valves,  Balancing  Elbows  and  Fittings  for  Forced  Hot  Water 
Heating  Systems 


No,  201 


No.  Z02. 


Service  Recommendations  No.  201  • 
Oirciihitor~Ma,le  Union  mid  Sweat  C-on- 
neclion.  Provides  a,  "nearly  tight" 
shut.-ofY  when  closed  and  full  (low  when 
opened.  A  quarter  turn  of  the  handle 
permits  the,  valve,  to  bo  opened  .smoothly 
and  easily. 

No,  '2(Y2  Circulator-Male  Union  and 
Sweat.  Connection.  For  forced  hot.  water 
systems  only.  Particularly  Hinted  for 
use  with  concealed  or  ueonveetor  type" 
radiators,  which  installation  Frequently 
requires  a  valve,  For  the  lower  vertical 
radiator  tapping.  A  quarter  turn  of  the 
handle  permits  the  valve  to  be  opened 
smoothly  and  easily. 


301         i  No.  301  No,  305 

No.  HOI  Balancing  Kl  how-Male  Union 
and  Female  Thread.  No  orifices  or  mlap- 

|    tors  are  needed  when  thin  olhow  is  used. 
The  external  adjustment  allows  for  ad 
justing  and  readjust  ing  while  the  system 
is  in  operation  and  eliminates  mconveni- 

'.  enee  of  draining. 

1   Xo.  302     Union  Klhow  Male  Union  with 
Sweat  Connection,  ('an  f»e  used  on  cop 
per  tubing  gravity  jobs  and  also  when* 

,  the  supply  valve  in  adjusted,  but  vu*  do 
not  recommend  adjusting  any  svstctu  at 
the  inlet, 

No.  H0f>  Balancing  Fitting  Male  Union 
and  Female  Thread.  For  concealed  or 
eonvcctor  t ype  radiators, 


Hammond  Radiator  Valves  and  Elbows  for  Steam  and  Gravity  Hot  Water  Heating 
Systems 


No,  100          '     No,  101 

No.  100    Steam  Angle,  Can  also  be  used 
for  vapor. 

No,  101  Steam  Corner,  Same  an  No.  100. 
Specify  whether  right  or  left  hand 
wanted,  Valve  illustrated  is  left  hand. 
No.  102  (late  Union.  For  hot  water 
installations  and  steam  or  vapor  beat  > 
ing  systems.  Especially  suitable  for 
use  with  unit  heaters;  ideal  for  general 
shut-off  valve  service  at  other  points 
throughout,  heating  system*  including 
bmlern  and  hot  water  heaters.  Specify 
when  ordering  for  hot  water  system*  an 
such  valves  are  furnished  with  u  small 
hole  drilled  through  the  disc  to  provide 
for  slow  circulation  when  vaivo  is  closed, 


H»  14^  300 

105    (  'onvt'ctor  Singh*  I'liion  (lnt<*. 

an  No.  11)2,  but  4ii|d**  union  d«*i'M 


not    permit    removal   of   radiator   uhi 
system  is  in  operation. 

Angle,  Same  an  No, 

be  used  for  coiivi*clor  radiators  i*t 

with   inside   leg   tappings.   Th<* 

union  Hiiinuatn'.Hi  ih«*  nwsMify  fo 

roughing  in 

Variation 

allow    for    ; 

bonnet  IOOHI 


nii%*wuri"!itfiit«  li»  t 
of  tin*  nippli*  iiwid** 
udjiiHi  illicit  ,    Shippe 
to  fjtfilitrtli*  tUHtitii 

No.  *M)    Union  KIt«m 


*  f  'nii»n  Sti*utn 
HKI,  but  should  only 


will 
uiih 


^rnvily  hot 


water  hcjiiJiitc  iustaliatiotis. 

See  Hammond  Catalog  for  complete  line  of  valves. 

Warehouse  stocks  located  in  27  cities  throughout  tin*  I *iiiffd  Static  for  your  conveni- 
ence and  prompt  delivery,  at  our  regular  prim*  and  titrum. 

L1GO 
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Marsh  Heating  Equipment  Company 

Sales  Affiliates  of , I  as.  P.  Marsh  Corporation 
Dept,  5,  Skokie,  Illinois 

Branches  in  Principal  Cities 


Marsh  products  include:  Pressure,  Vacuum  and  Compound 

(ranges;  Dial  Thermometers;  Steam  Traps;  Vents;  Packless 

Radiator  Valves  and  other  heating  specialties. 


Radiator  Traps  Those  highly  efficient 
radiator  traps  are  equipped  with  a,  phos- 
phor hron/e  diaphragm  charged  with  a 


volatile  fluid  making  them  self  eqi 
ing  tor  use  on  pressures  below  atmos- 
pheric to  15  II w  gauge,  Traps  are  factory 
adjusted;  individually  tested. 

Packlt*ss  Radiator  Valves    The  metal 
to  metal  M*al  of  Marsh  Radiator  valves 
makes  them  trul>   paekless,  They  eon 
tain   no  packing  of  an\    kind   to  wear, 
crack  Jitid  deteriorate,  Proved  by  many 
year-  of  MTVIC*'.  Kas>   to  operate.  Close 
on    I*'**    than    one    turn,    Individually 
leafed     \ilaptable  for  hot  wafer  an  well 
a*  Mieam  healing  s\  steins, 


fl  Ifattwfat  r«!w 

Marcth  Steam  Traps 
Marsh  Float  and  Thcrmostatlc  Trapg^nt 

diwlgned  for  n  wide  range  of  wervieew 
Htifl*  aw  retitoval  of  air  urid  roijdeiwjtfe 
from  steam  tuaiririv  hninehen  or  riwtr«, 

iinil  li<*!iti*r«,  Htfain  roils,  etc,  There  in  :i 
type*  t'owritig  every 


Marsh  Inverted  Bucket  Steam  Traps  are 
ideal  for  a II  types  of  hospital  and  kitchen 
equipment  where  a  considerable  volume 
of  oomleusiite  is  handled.  Traps  are  »self- 
ventiug  and  hav<»  large  water  eupacity 
which  assures  high  efficiency  in  removing 
eondensate,  air  and  gaHt\st 


rtwrf  ThertnMtttlic  Trap 

Marsh  Pressure  Gauges  Tlu1  Mnrnh 
J.*Sf.iJ/./v',  .standard,  Io\v  preH«tir<»  gaugo 
will  contribute  to  Uw  economy  of  anv 
type  of  steam  boiler.  It  IN  available  with 
the  Marsh  "Heenlibrator1*  for  quickly 
and  easily  resetting  the*  liand  to  zero 
when  the  k"uge  in  knoc»k<*d  out  of  adjoint  • 
nient, 

Marsh  Uattges  include  vacuum  and 
compound  types  in  a  wide  range  of  dc- 
signs  covcM'ing  all  H<u*vices  and  prewsureK. 
Over  75  \ears  of  gauge  manufacturing 
has  renched  its  higheHt  »chic»vement  in 
the  .Marsh  "MaHtergatigc*"  for  use  whertt 
high  pressures  and  temperatures  are 
present  and  vvh<»rf* titaxintuiu  stamimt  and 
accuracy  are  eHKeiitiaf, 

Marsh,  Dial  Thermometers  •  Marsh  Dhil 
Ther!noittefc»rH  have  the*  Haiue  basic1  nv- 
lincnicntK  fo«n<l  in  .Nhiiwh  KaugeH, 
Bourdon  tubo  type**?  are  available  iit 

Hr*If  contained  and  diKtiuit  n*n,ding  in- 
HtrumentHt  vjipor-lenwion  or  gats  filled. 
Also  available  in  hi  •metallic  types,  All 
run  gen  U{>  to  750  F  fire  covc*red,  ^Itec^tli- 
bnifur"  iw  Htaiitlard  in  nil  bourdon  tube 
types.  Ask  for  catalog  in 


1301 
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ILLINOIS   ENGINEERING   COMPANY 


General  Offices 
and  Factory: 

Chicago  8,  111. 


Illinois  Thermo  Radiator  Traps 

1 1 1  i  n  o  i  H 
Thermo  Ra- 
diator Traps 
for  vacuum, 
vapor  and 
low  pressure 
heating  HVH- 
teius.  lias 
cone  typo 
valve. 

Flushes  thoroughly  and  seats  perfectly  at 
all  times.  Valve  and  seat  are  of  hardened 
steel  alloy.  The  duplex  diaphragm  is  of 
special  phosphor  bronze.  Scientific  de- 
sign and  rugged  construction  unsure  flex- 
ibility and  long  life.  These  diaphragms 
Irive  withstood  over  three  million 
strokes  on  a  breakdown  tost. 
Ask  for  Hullvlin. 


ticri&t  (J 


Vnpor 


V&pnir 


ttoiltr 


Trap 


Illinois  Selective  Pressure  Control 
Systems 


An  entirely  new  and 
unique,  method  of  Hteatu 
(Jircultion  Control  .  „  , 

Heating  HystraB  that  «et 

new  standards  in  comfort, 
economy,  HI  mp!  icily  and 
convenience  of  operation. 
lOuch  Hyntem  Individually 
engineered  to  meat  exact  n> 
<iuiremcnt8.(  Itecordeci  f  111*1 
Bavinga,  without  nnmllm 
of  comfort,  warrant  your 
investigation, 

i: 


Representatives 
la  Principal  Cities 


Illinois  Radiator  Supply  Valve 

Quick  -  opening, 
packless.  Steam 
tight  on  f>0  II) 
pressure.  Large 
diameter  of  thread 
spool  and  machine 
cut  threads  make 
valve  operation 
easy.  Furnished 
in  a  complete  line 
of  sizes  and  pat- 
terns, 

Illinois  Vapor  System 

A  two  pipe  low  pn»Hrtun»  strain  rirru 
luting  HyHt(*m  wliicii  nmy  hi*  installed  in 
any  type  of  ImildiitKt  wiu*r*»  the  rfnult*n- 
Ha.i(»  can  return  to  ili<»  boiler  by  gravity, 

A  nonwitive  ditnt|>er  regulator  or  other 

HKVUIS    of    UUtniUittU*    CiUlffol    IM    UHfil    fo 

control  initial  Kh«:»m  prensure  aliovt*,  at 
or  bolow  ntmospherip  j>n'rtnun*.  Steam 
i«  regulated  at  the  rntlint«»r«  by  IHiitf»iH 
Puoklc^H  Supplv  ViiivoH,  ("ontU'iinate 
and  air  are  diHriiargiHi  fr«»m  tht*  nuisut  <»r 
through  Illtnoin  Thoruttmtntic  Hadiiatnr 
Traps.  lit  tlie  boiler  room  »  Vnjwtir  Vent 
Trap  and  Builrr  KH  urn  Trap  nrr  iis- 
Htnlled  iH'iir  (he  boiler  Tin*  vrnf  trap 
elimiiiaten  air  from  thr  MvMt'iu  aud  the 
Return  Trap  itimirt*«  n*turu  of  <*o»- 
(ieiiHUte  to  the  Imilrr, 

Th«»  HyntHti  mid  tit**  piping  ;trratt|;e  < 
men!  are  Hiuipti*.  NM  iii<*ti*rif$g  oriiu't*?* 
or  vacuum  pump}*  an*  m***ili'iit  This  **,yw  • 
tem  will  bi*  found  nuitabl*'  f*»r  maitv  in- 
HtailntitmH  wh«*ri'  low  firnf  r«mt  atitl  low 
om*ratiitf(  «*««t  an*  of  i«iiin*  iutportatitM*, 
May  be  iiw*il  with  unit  liratrw  or  any 
type  of  radiation, 

Illinois  Float  and  Thtrmo«lttic  Trtp» 

n*urpntiM*d  for 
\ftit  ilaSiug 
utitttt,    unit    h*';tt**r»s» 
a  nit      for     tiripptnic 


r  it  in  «lt*#iim» 
lv  In  vrtst  air 
tuain  »H  w«*U 


tn 


from 


«|iuilif.if  y, 
hot  or  wil 


Heating  Systems  *  steam 


ILLINOIS   ENGINEERING   COMPANY 


(Jenorul   Offices 
and  Factory: 

Chicago  8,  111. 


Representatives 
In  Principal  Cities 


ILLINOIS  STEAM  TRAP 
,  .  Valv 


and 
s  t  o  in  a  r  e 
He  pa  r  a  t  o 
from  tin* 
bucket  and 
ope  r  a  t  o  <1 
only  by  the 
bucket  at 
extreme  top 
ami  bottom 
of  t  ravel  »  - 
result  -rttlvc 
i  «  a  £  ir  «  //  « 
////I 


vidt«d  with  continuous  thermostatic  air 
vent,  No  wire  drawing  or  cut  ting  of 
valve  and  wnt  uhicli  ure  of  hardened 

Hfeel  alloy, 

Illinois    Thermostatic   Traps   for   High 
Pressures 

.Maximum  working 
pressure  150  pounds, 
V  sed  where  neat  appear- 
ance and  compile!  ne«K 
fire  desirable*  an  for  trap- 
ping HteriiisterN  or  water 
stilln  in  IxmpitalK;  Ht^eant 
jack(*ted  kettlcH,  colTec1 
urn«,  wanning  fableH  and 
for  pri>i'<\H«s  work,  A!«o  uncd  extcrwivcly 
for  air  ventnon  blnwt  type  dryittgheatcrH. 
Miilli  diapliragiu  of  phoHphor  J>rony,e, 
llefivv  duty  hr»MU«'  body.  Made  in  three 

Then*'  traps  ur<*  alnn  furnished  for  me- 
iliutu  prt'Swuri'M,    HVi/r/^r  littTtihtft\< 

Steam  and  Oil  Separators 


ntfora    art!    made    in 
both    horizontal    and 
vertical  typi%  ntatid 
ard  <ir  i*xf  nt  heavy. 

Kclipne  oil  Keparti' 
fi»w  an*  furnished  in 

the  horizontal  type 
and  have  a  removable 

baffle  ptnte  to  facili  < 
tuft*  effiuiiiig  of  baf« 
fie  and  keepiii|i|  the 


fit  tin 


point, 


Illinois  Motorized  Valves 
(on  and  off  J 

For  automat)  c 
control  of  .steam 
temperatures  and 
pressures  to  pre- 
vent overheating 
and  c  o  ns  e  r  v  e, 
steam;  to  control 
fluid  levels;  and 
to  regulate  flow  in 
hot  water  heating 
H.VHtomH.'  May  be 
operated  by  any 
automatic  contact 
device  or  by  man- 
ual switches. 

Furnish  CM!  in 
three  typos. 

Pressure  Regulating  Valve,  Semi-Steel 

Bodies*  Bronze  Trim 
Furninhed  in  either  Hin- 
p;lc  scat  or  doubles  «eat 
type  aw  service  requires, 
for  the  control  of  steam, 
nir^  org  Kft»-  Control 
spring  is  completely  «n- 
cmHod,  protecting  it  from 
dirt  and  runt.  Valves  are 
furnished  with  proper 
wsw  diaphragm  <  and 
proper  length  spring  to 
give  Hatrnfactory  Hervice. 
ujider  all  operaling  con- 
(litioitH,  Furnished  alno 
in  weight  loaded  type, 
Fig,  71. 
UVi'/it  /or  Hit  Ik1  Una, 


Non«return  Valves 
Placed  between  boiler 
and  header  to  prevent 
return  of  «t cam  to  boiler, 
Sensitive  in  operation, 
Kxtnt  heavy  Heiut"'8t<»el 
boilieH  with  broiijw  trim 
for  *M\  llm  sleain  working 
preHHun*.  llrojixe  dams 
pot  ami  water  Ht»alcul 
pirtttijw  prevent  valve 
Htickinp;*  (*I«be,  and  an* 
gl«  pattornn  from  4  in.  to 
12  in. 


Fig.  Ml 


Heating  Systems  *  specialties 


W.  H.  Nicholson  &  Company 

Main  Offices  and  Factory:  211  Oregon  Street,  Wiikes-Barre,  Pa. 

SALES  REPRESENTATIVES  IN  U.  S.  A.  AND  CANADA,  AT: 


ALBANY,  N.  Y. 

DKM  MoiNi'N,  In. 

KANSAS  Cm,  MM.      OMAHV.  N< 

k 

S\N  |''H\X<  IM  n.  (  'jil. 

ATLANTA,  (la. 

PWTUOIT,    Midi. 

I  AIM  ANUKLKS,  ('ul. 

'iriLAOMr.iM 

ii  v,   Pa, 

St,  \ni.i  . 

\\rivh, 

BALTIMQRN,  M<1. 

MAHTON,  PH. 

MlL\N  AUKKK,    Wis. 

*[  1'IMU  KtJIl,     I'll 

Sl»UK  VNK, 

\\ush. 

BIKMINGHA.M,  Ala, 

MVANHMLLK,    Ill<l. 

MINNEAPOLIS, 

'(•N'C  V  Cl  l"\ 

,0k!u, 

Sr.    I*IM  l!s, 

MIL 

BOWK,  Idaho 

I(IOHT  WAYNK,  hid. 

Minn. 

'oHl'L  VNl>, 

Mr, 

Si   \t  I  )•  K,  > 

<  ' 

BUFFALO,  N.  Y. 

KOKT   \VOUTII,   T(»X, 

MONTKKAL,  QlU1. 

NuiTLANU. 

(  >rr. 

J^1!  K  \['\  Hl',t 

N*.  V. 

(/IIIUACJO,     III. 

KltKIM'JlllCIv,  Mil. 

NKKUHAM,  MH.SH.        HICIIMONU, 

V». 

ToH«»NTO, 

Ont. 

(CINCINNATI,  0 

(lUKNNHMOUO,   N.  C. 

NKU  OUI.KVNS,  LH.    Horiins'i'i  H 

N.    V. 

TK-HI.N,  .^ 

n/uiu't 

CjjIOVKnANU,  O, 

HOUSTON,    ToX. 

NK\V  \'<IUK,  N.  Y.     SALT  L\KI; 

\"  \  N<  '(  H  '  V  I 

K.  B  r 

I)KN\KH,     dnlo. 

INWIANAPOUH,  lud. 

()Ak  Knxn-:,  'IVtm.         (  'rrv,  I*. 

\V\SM!  \<i  J 

»x,  I>,  C, 

STEAM,  WATER,  AIR,  OIL  AND  GAS  SPECIALTIES 


TRAPS 

Thormost.'iUc:  Stoiim,  to 

225  Ib.  m 

lOxpjinsion:     Slcnni,     to 

250  11). 

Wo.ighl'-OpcM'iitcdrMlOHJn, 

Air,  (Jtwolino;  (o  1500  Ih. 


Piston  ()j)(vrat<vd ;  iSlrani , 
lo()f)()lh. 

Iladiator:  to  lf>  11). 
SEPARATORS;    Si  ram, 
Air,  Gas  to  250  ll>. 
STRAINERS:  t<»  <>()()  Ih, 
VALVES,  Cylinder  Con 


trol;  Air.  (Ins,  Oil, 
Steam,  Water;  Lever, 
Knot,  Sol(»uniiL  Mot«»r- 
Operated;  to  5000  ib, 
FLOATS.,  \\VUIed:  13  in. 
loll  in  diatn,;  Prensums 
fo4S(K)!b, 


ENGINEERING  BULLETINS  AVAILABLE  ON  ALL  NICHOLSON  PRODUCTS 


NICHOLSON  INDUSTRIAL  STEAM  TRAPS 
5  Types  for  Every  Heat,  Power  and  Process  Application 

A  survey  of  largo  IUSWH  of  Nicholson  Nicholson  installation.*   lutve  repeat 

industrial  steam  traps  showed  those  main  edly  who\vn  production  hien««M'^  tip  io 

rcaHonafor  the  increasing  standardization  ,'JO  percent.  Some  ttvpHMl  unit  applica- 

on  Nicholson  units  for  specified  appli-  tions:    plawtic    nuiuidin^    platens,    dry 

cations:  kilns,  Kt«*am  inaiiiw,  unit   heaters,  rudiii- 

1)  Operate  on  lowest  possible  tompem-  tors,  ptjxM'oiiH,  drip*,  hot  WHter  henters, 
ture  (liffcrcuiial;  no  \va,t(jrio^tn^.  <lriers,  jucket<*d  kettles,  conkers,  eohVe 

2)  Have  *2  to  0  times  avera,g(^  drainnKc.  and  hot  water  urns,  dish  heater*,  ve^e- 
(Capacity.  fable    steuiuers,    bakers'    pro«»jf    boxes, 

3)  No  JHMH!  to  change,  or  adjust  valves  .steam  tables,  hsfeniberv*,  irn»i»r^,  pr«»s>«e,H, 

for  varying  pnHsurcs.  mnngleH, 

4)  H-<MU)rd  low  for  stearu  Types  A,  All V  and  \l\  >IiowiMtJi  f  bin 

wawt.e.  page,  an*  for  jirewsurcK  from  vucuuiu  to 

5}  Mnximuru     air  veniing  200  Ib,  Broir/e  coast rwct ion,  a! 

capacity.  paiiitinL    BULLETIN    1047 


*  \.\>, 


Max,  Capacity  in  tbs  p«  Hr.  at  Various  pyc»!ittre«*-T|^»  A,  AK V* 


,  !ht'li(»s 


1  U»,   '   i  Uir*. 

Kf.fi       iaa« 


141U 


22 1W 


W  Lfrt 
IHWf 


.!*»  f  J 


KM  Lin 


LIST  I»RICHS—TY1>EH  A,  AIIV, 


,S«       $!,!"«       $1H  7« 
,:fJ»          IB, HO          J't  HO 

}  Wl         H,5f»        21  M 


Tvi*  U," 

UlUt  !lrilnVb>.  Ml 

flf'-SI/  '  \|   *««'!         \l  Uf 

is  i  §«     INI  w     ii*< 


W.  H.  Nicholson  &  Company  Heating  Systems  *  Specialties 

Nicholson  Industrial  Steam  Traps,  Types  B  and  C 


Types  B  and  ('  are 
for  pressures  from 
vacuum  to  U*Jf>  lb; 
east     iron,    nlumi 
num  pointed.  T>  pe 
('  is  also  furnished 
in  east  steel,  with 
•stainless  steel  bel 
lows,  for  pressures 
to  ;iOU  lb  with  su 
perhenf    tip  to  5(Ht 
d«»K  total  tempera 
ture,  For  complete 
del  nils      BULLE- 
TIN 1047, 


i*>    \X' 


MAX.  CAPACITY  IN  LBS  PER  HR.  AT  VARIOUS  PRESSURES 


>  llts.  Kl  l|is.  JO  Ihs.  .(II  ihs 

2,7»io  :!,sso  5,45(1  ;    7,5x0 

11,770  5,1'MI  7,425  10,  ,'{40 

4, WO  fiJMIO  {I, HIM)  '    I, '1, 500 

4,020  ti.'.MO  »MI!)0  I  It,, 100 

ii. oiio  i,r>,;>2o  2i,Hoo  ,  HO.HSO 

H.O'io  15,, wo  21,  wo  ;w,:iso 


1li,HXO 
!JI),HOO 
ttli.SOO 


10,450 
11,  ^50 
IS, (HO 

4KSOO 
41.KOO 


l.SOlhs.    rol 


2!Ht  Ib 


Cast  MtM'l 
1SH  Ihs.      .iivi  Ihs, 
Sl.n.U)      J '.>,  1120      i:!,tHHI      I4,!»,10       I5.HOO        Hi.  740        17,i»00        10,000 

srt.Mo    i7,tioo    is. mm    20,400     ui.uso     2'j.soo     uu.soo     25,000 

.11,100        IW.SOO 

:ii,ioo     itit.soo 


21t,000      24,  KOO      2fi,R5(»      HS.HOO       211.750 
IM.MIII     LH1,  IJ5U      IN,;|||0       29, 750 


M,r»oo  :  51,700     5,1, 7^0 


liii.'JOO 


with  :«i,}i»,"tii» 
tutfiiiiittont  <i 
IMP*  to  imtitil 

Sj-r.  Ill*  hi'* 

nut  ituulc  fnr  trinporafurc  and  conditions  of  HWux.    To  permit 
ItM-lmw,  urul  hsuuilirsK  of  jnnik  loud*  nt  start  of  t>|«*mtiun>,  >t»Iin»t 
i»  not  u»on»  tiifm  50  PIT  cent  of  capucJtu'M  shown. 

LIST  PRICES,  TYPES  B  AND  C 
TMK-S  B  iiiid  ("                       TypcCOnly 
<'a,tlr,.n  With  IMhms  ,,f          Wi^K  of        «»ri!p, 

In<  li»«u 

Bton/,1' 

Monet 

St«iinlrs?i       Mow!     •  Stainless 

s  , 

$I!*,40 

S2I  ,!)0 

S25.45 

SItl.lO     ' 

SH4.  10 

s 

4 

25  45 

2s.ro 

liii  .  s?5 

40,25 

4  5,"  2,1 

"  m 

I 

HO  HO 

;i:i  HO 

HX.SO 

47,25 

52  25 

i  ., 

t'i 

HO,  HO 

;i»i  ,  HO 

a,s  so 

47,25 

52,25 

i  " 

i  '  , 

ft,« 

4H,;i5 

5.1,.  'J5 

HH.25 

73  ,  25 

i 

",! 

44  s,1 

•h  ,i:» 

5;i,;i,* 

i»s,K 

7tt  .  25 

4  4 

iypo  onl}-,  with  hori- 


Typr.s  A,  A     an<   (•  urcs  mmo  n  un^f  iypo  onl}-, 

7t*»titu!  iisii't  uiui  v«*rtit;ul  c>uth»tt.  Type  All  has  union  connection 
ftn  iuli't  ,  All  thrt't*  ty|>«*H  drain  completely  when  cold  nml  will 
ti«ti  fn»«»/i».  Typi*  AUV  meHpecially  appllcat»lt*  to  drainage  prob- 
<MU  \\lii*ri'  n«MM\,*!it>  or  «li».Hirjil»li^to  havo  all  piping  run  horizontally  <>r  vertically, 
r  i'!i««»  fn  HfMH",  wall  or  pillar.  Type  B»  uiado  with  horizontal  inlof  and  optional 
urt/onia!  or  vertical  outlH,  offers  <«iil»or  anwh*  or  horizontal  Htntight  through  con- 
rrtious,  Typt»?4  \!{V  iirnl  B  frnpn  un*  not  friM»xoproof, 


NICHOLSON  TYPE  R  RADIATOR  TRAPS 

,      •*    0    w        lliermo.Htulie  b«»llow8  type;  feature  bal 
•jrTTTv*  *     Jineed  \*upor  prtvHure  principle  and  max, 
""""',         «li:uu,  %'ntve  ortliee,  Brorr/.e  Ijellown;  bra,SH 
:,  C     body,   n»vi»r,   union,   nut;   nickel   alloy 

t     HtiK!i»'t,viws  for  'J(K)  anil  -HX)  nq  ft  H11R,  's>n>-1 

vapor  iifid  vacuum;  r  and  I -hand  corner  tvpes  for  U(H)  M\  ft, 

Pre>w«re  to  15  lb,  BULLETIN  744. 

DIMENSIONS  AMI)  LIST  PRICES,  TYPE  R  TRAPS 


A 


-  o 


1 

;  C 

ait*#i,u     "^        Hoi 

n              '4              T  ',»; 

^ 

»• 

* 

* 

ANlflwK       'i     '^ 

"\ 

,  ;1 

i4 
t 
f 

»3*;M,;fit  «%  21,   ;]     « 
•»,*i\     \          '   i*« 

Vwl*?  B,   It'll  iltf4*  «»t«*  Ml  f 

SQUARE  FEET  BDK 

LBN  I» 


with  r»M'«»»iitu*»i*«I«»J 


low      i, 'too 

nf  ,^-rtw   //f*j/ 


Heating  Systems  •  specialties 


Company 


MANSFIELD,  OHIO 


EQUA      TEMP 


.  .  .  THE  NEW 
BALANCING  VALVE 


1.  Adjustable  Flow 
Ka,sy  adjustment  of 
(low  for  balancing 
from  full  open  to  tight, 
(shut-off  is  possible,  Kxtrn  large  crows 
section  area,  of  port  and  straight- 
through  dcni^n  permit  maximum  (low 
through  valve. 

2.  Absolute  Tight  Shut-off    Valve  ran  be 
shut  ofT  completely  by  a,  DO  <leg  turn  of 
stem    for    bleeding    of    lines.   Synthetic 
rubber  "()n  ring  on  dine  insures  a  leak 
tight   closure.  A  second  synthetic   U(V 
ring  is  used  for  packing. 

3.  Built-in  Thermometer  Well    Xo  need 
to  insta.ll  separate  thermometer  finings 
for    water    temperature    readings,    O  B 
KQPATKMP    has   a    thermometer   wel! 
drilled  into  the  stem,  providing  a  handy 
means  for  accurate  balancing, 

4.  Tamperproof   Control    Wjt'ATKMP 


One  Valve  Performs  All  Functions  for 
Radiant  Heating  Systems 

>niv 


settings  can  only  be  changed  b\  using 
three  separate  Allen  typr  \\  ivncli  heads 
(not  normally  available  in  tin1  home!, 
The  same  heads  lit  all  si/,rd  valves. 

5.  Small  Size     O  B  KorATKMP  baSane 
ing  valve  requires  little  spare  for  snsfal 
lat  ion  as  compared  f  o  larger  ami  t  he  more 
expensive  globe  and  gale  tvpch,  normally 
used    \\here     tight     shut  off    tr<    desired, 
Actually  naves  two  filling  by  climinaf 
ing  need   for  either  globe-  nr   gate   t\pe 
valves   and    fhermomefer   \\ell    tittingn. 
These     valves    are    niHih     manifoMi'ti, 
allowing  as  many  as  eight  KQI  '  ATKMPS 
to  be  installed  hide  b\  snip  in  a  on**  foot 
space. 

6.  Variable    Venting    St  \\  it*  lard    I  in. 
pipe  thread  in  drain  penuilH  fin*  ti*««  of 


any    one    of 

at  tachni«*ntH, 


hcvera 
Special 


venting 
f    \alve 


COPPER      TUBE  AUTOMATIC  PETCOCK        \n>  DRAIN      PLUG 

"U"     Attaching'!'  KQUATKMP      in  one      of      ,s«'\vr;tl  nraiimig  *»r  vent 

]  in.    copper    tube  H<  ailed  in  inverted  type*    of    pet  rock  \n#     HUH     Iw1     ae 

to  KCiPATI'JMP  in  position       pernsifH  at t;tchitteitl>t      ran  rftni{fi^h**ri  b>  >i»i  • 

inverted     position  UHC    of    automatic   '   be       useo*       \\ith  j»l*;  ii'ispaitig  <irain 

for  dniining  is  po»s  nelf  vt»ntin^        air  Kl^'ATI'lMP       in  ftltiK     will*     Allen 

Kible.  valve.s,  iuverJeil    iH^ififiii,  nretirit. 


./ 


ROUGHING-IN  DIMENSIONS 

JIT 


T 


f  <   1 

!rr".n,, 


u 


Tlit-»'  fi."iu«h 
iiM**,  rntnifi 

leu    tt  refifli 


«^  »  flow  nviiil 

o  nil  ihiw  \J 


21 


For  additional  infonnntioii, 

Ohio,  for 


write  to  Ohio  Brass  Company*  Mansfield 
ATKMP  Folder  Mia-  VH, 


Heating  Systems  *  IpS 

Strong,  Carlisle  &  Hammond  Company 

Cleveland,  Ohio 

Since  1803 

"STRONG"  The  Complete  Steam  Specialties  Line 


STANDARD  IN-LINE  TRAPS 

iSemi-Steel) 

}     Inverted    bucket    typo.    Hi 
Cap  design.    Parts  on  cover  j 
for    easy    removal    without   j 
5Jl      breaking   pipe    connections,  j 
All  stainless  parts.  ! 


ST.  (Ml 
H.OU 


-LINE  BLAST  TRAPS  i  Semi-Steel)  ;> 
Hlast  inverted  bucket  (open*  j 
float  /  and  thonuostatic  type,  i 
Hi  Cap  design,  Integral  hi  ! 
mi'tal  thermal  operated 
vent,  For  von  rapid  heating  : 
on  unit  heaters,  cookers,  ; 
ef c.  Amun  Met!  scat ,  stain  j 
loss  bucket  and  working  ! 

t|>if>     I1! |*r  *•<»"«'    <'uftt»HM     <*r|p,«Mt\  \\PUctlt          I.»*t          ! 
»','!»    I        *,s    '4  it'  'W  *{JI  $VM       ; 

K«  J    fj,  *       >;i<        H;I|(t      H         !r!)°   ' 

;.;|    J        14,    j  '»»»  t.fWI  ',«  l»,ft«l 

BOTTOM  INLET  TRAPS 
f  Semi-Steel) 

,.,.**t*tl,  trouble  free  in     ;: 
v cited  Inicket  t  trap,   All  ;, 
^lasnleMS  working   parts,  ] 
\mirn  M(*tl     valvo     awl  ; 
eed      leak'   , 
\estr,     Self 


SY  STRAINERS  (Semi-Steel) 

44  Vn  typ(vsemi  -sto(»l,  Koa.- 
tures  perforated  Moiud 
screen  atul  now  V~shaped 
gri|>ping  lugs.  250  psi 
450  dog  steam.  400  psi 
cold,  non -.shook. 


Pi  IK*  Si/o 


Sin OM  '  i  hi.,  3H  in.  Fur- 
nished with  (JO  v  50  mesh 
MouHHofh.HCwntH,  Six«s 
^a_  in,  to  2  iti.  .standard 

Moncl. 


Sl.iW 
2.25 
'2,70 
,'i  .25 
4,10 
5. 2ft 
7.75 


J*i|tt»  Si/<* 
No,    finrliciJ 
Tyi«'0*«,  ^4, 


SL  STRAINERS 
(Senti -Steel  * 


PRESSURE 

REGULATORS 

(S(»mi -Steel) 

For  Kteam,  air  and  gan. 
Direct  op<*r{Ued»  Hugg(kd 
construction.  Fitted  vvitln 
special  iaiuitiatod,  phon« 
plior-bronxe  diup  lira  gnus 
and  stainless  valve  and 
seat . 

Weight     List 
Ibh        I'rico 

-Vi»  40D   I**,  n»du("i*(l 


TM»««  K     J»j  Initml  ]»nw«ureto225  Ift  1SI.W) 

'lUti*  IIM.   4f)U    I1',   rtnlucnl 

tratnfi    »,  rjirmtw  frtnu  0  to  Sfi  15  2l>.tH> 

1  ji^i,  IK  27. (It) 

P4  40  HH.OO 

!Uj  40  42. ill) 

Type  !*•  I'ttH  un  snhyjiil  stniinu'r. 


ffl  PRESSURE 

!|'  REGULATORS 

iSemi-Stofd) 

rSWi        ^'or   instailationH    nuitiiring 
accurate     and     dependa,bl(^ 
regulation.    StainloHH    trim, 
„,          single  HoaJeri,     piston  oper- 
If^HI    '    jitcd,       pilot    <*on  t  rolled  , 
>i'Juu;  Sondeii, 
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Sarco  Company,  Inc. 

Empire  State  Bldg.,  New  York  1,  N,  Y. 

Branches  in  Principal  Cities 

SARCO  CANADA  LIMITED,  496  CHUUCH  ST.,  TORONTO  5,  Ovr. 

PRODUCTS—A  complete  line  of  Specialties  for  Steam  and  forced  hot  water  Heating 
Systems,  and  automatic  control  for  same,  combined  with  a  competent  engineering 
service  to  architects  and  heating  engineers  to  assist  them  in  providing  modern  heating. 

SARCO  RADIATOR  TRAPS 

Type  II  is  the  standard  radiator  trap  for  vapor  and 
vacuum  systems.  It  is  cciuippod  with  the  well  known  Sareo 
heavy  wall  bellows,  drawn  from  flat  blanks  and  helically 
corrugated  in  our  own  plant.  It  operafen  noiselessly  and 
positively  at  pressures  from  highest  vacuum  to  25  p«L 

Body  and  cap  are  of  cast  brass,  rough  brass  finish;  self- 
aligning  valve  head  and  renewable  Heat  of  hard  bronze; 
union  connection  on  inlet. 

Available  in  }  $  in.  and  :*,j  in.  sixes,  angle, 
straightway  or  corner  oilaet  pat  term*;  also  1 
in,,  angle  style  only.  Catalog  AV  /IT-//W, 

SARCO  RADIATOR  VALVES 
Sarco  offorw  two  types  of  vulvea;  bellows 
packlcHS  type  45  wherein  the  valve  stein  in 
wealed  by  a  standard  SJITCO  bell  own,  pcwi- 
tively  preventing  air  leaKuge  into  the  heal- 
ing system;  also  uBpnng  londwl-pnckltwH" 
type  SM,  Both  ran  tie  furiilnhed  with  I  be 
modulating  feature,  including  proportion- 
ing disc  and  indicating  dial. 

Valves  are  made  in  angle  and  straightway  patterns,  wheel 
handles  or  lock  Hhield  tops.  Also  available  for  hot  water 
syHtcmw. 

liodieH  of  all  valven  are  cant  hntHH,  nmgh  brans  finuth;  out  - 
lei  lilted  with  union  connection;  HI/OH  *••  in.  to  1J«»  in.  <'<*/• 


Radiator  Trap,  Tape  It 


Radiator  Valm 


Tut*  46 


SARCO  N-100  TRAP 

For  high  prcKHUre  radiators  and  heating  roils  in  i 
and  marine  werviee,  and  for  hospital  and  kitchen  equipment. 
Han  Full  length  protecting  shield  and  stainless  steel  valv«» 
head  End  neat,  Si  sees  *?K  in.  to  1  in.  pressures  to  IIK)  lit, 

Also  S"f>5  for  prcHHun*8  to  <»5  I»HI,     ('Htttlittf  III"1 1»W/, 

SARCO  FLOAT-THERMOSTATIC  TRAPS 

For  dripping  ends  of  inainn  anil  riserw,  and  ff»r  Mark  or 
blunt  lu»atei*H,  large  unit  heaters  and  hot  watt»r  gt*iM'rator«. 

Automatic*  therrnost.atic,  air  vi»nl«  built  in,     Available  in  six 
.«8  with  connect ionn  r*4  in,  tott  iti,    l*n  j*sureM  uj>  f*r3tft  jwi, 


SARCO  INVERTED  BUCKET  TRAPS 


Inv&ui  /tucket  Trap 


Are  reeoinme.ndwl  for  iiigli  pre«s«re  unit  IteatwH  nwl  mmw* 
tinum  preferred  for  kitttht*ri  and  laiindry  i«f|iii|*nit»!it.  Htrjiht- 
ers  are  built  right  into  tlwm  ntur<!y  trupH.  8i?af«  «wl  viilviw 
are  stainleig  ataul  ami  r<*m»w&b!<t,  Autcmmtu*  air  v^zitH  rait 
be  furnmhtni  fr*r  extra  rapid  removal  of  ttir  ,  Ay&iliible  in 
sizes  l/i  in,  to  2  in.  for  prewwnw  up  to  1MHI  psl,  Catalog 
IW4SO. 

ISOK 


Sarco  Company •,  Inc. 
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SARCO  ALTERNATING  RECEIVER 

A  complete  lino  of  boiler  return  traps  for  vapor 
MVHtems.^  Returns  water  of  condensation  to  boiler 
automat ically,  thereby  assuring  positive  return  of 
water  under  all  pressure  conditions. 

Made  in  four  sizes  for  up  to  14,000  aq  ft  of  radiation. 
Catalog  //T-/M7.  Same  type  available  as  a  pumping 
trap  for  pressures  to  100  psi. 


SARCO  AIR  ELIMINATORS 

For  \cnting  air  from  vapor  systems  at  one 
central  point  in  the  basement ,  *  Available  in 
three  stfces,  For  systems  up  to  15000  sq  ft  ra- 
diation. All  are  equipped  with  float  valves 
to  stop  water  escaping  through  the.  vent 
and  with  cheek  valves  to  prevent  ingress  of 
air  when  system  is  under  vacuum, 
several  types  for  hot  water  heating  systems. 
HI'  /?// 


AlHO 


tw 


nil 


SARCO  SELF-CONTAINED 
TEMPERATURE  REGULATORS 

IViUfHTuture    ReKuhitorn  are   simple,  self- 
vjttvc.s  'tin*  wily  sell"  contained  units  that 
irrejsirttibh4  force  of  li<{iiid  expansion.    No 
b*»\es  to  leak,  m»  auxiliary  "power"  required; 
moving   partH  are  inxidt*  the  equipment.    Here 
it  type  ami  «be  for  every  purpose—for  steam, 
il*  water  <»r  brine  for  tcmperaturcH  ranKing  from 

t«  awr  F,    Ctttutntj  nr  MM. 


Sun**' 

emted 
the 


Alternating  Receiver 


^  TR-£t 

•Standard  for  hot 
tratrr  ttnr&g* 
tnnks,  fan  units* 

etf 


Water  Blender 


SARCO  WAT3ER  BLENDERS 
AND  TEMPERING  VALVES 

For  mixing  hot  mul  cold  water  to  deliver  automatically  water 
;it  any  di^ired  temperature.  Two  modolw  are  availabfe,  typu 
MB  for  Hho\v(*r«,  wnnh  ba«in«»  etc.j,  and  type  DB,  a  tempering 

*  for  iwi1  with  Htibmergeii  heating  coils  or  tanklean 


SARCOTHERM  HOT  WATER  HEATING  SYSTEM 


A  wmplt%  all  '»ieclww«ciil  Kyntcttu  for  the*  control  of  radiator 
ratur»«H  in  dirfot  relation  to  outntdtt  temperatures,    Kadi- 

in  liftlftiiced  by  Hareoilow  fittiugijn  the  radiator  outlets. 
heriii  thrw-way  valve  reelreulateB  A  varying  pro- 
wiitrr  arotuid  thtt  boiler  and  back  to  the  system  ^aw 
*iii*tati»4  by  tint  tltifnuwtiitlc  bulb  <mtmd<*  tlia  building,  Write 
tu  Hiircfttlienn  (*ontrolH»  I«ftn  Kmpire  Ht»te  Bld^.,  X«*vv  York 
J8  X,  V,  for  fVif«%  JVi>.  //r-/,  Kei*  pag«  11*70. 


SELF-CLEANING  STEAINERS 

For  UH<*  ist  pipe  limw  carrying  brine, 
«ti*»ni,  oil,  git«f  Wftli-r,  ainnioriiu  or  air, 
Haw  large  free  Hcri'diin^  arwi  with  mini 
iituiii  ri*«wtam»i*  to  flow,    Steam  or  air 
HtrattMtrH   ran    tw   rl«*an<»d    by    blowiitj; 
fftrmigh   without   di«iH«i*niblhtg,     Made 
in  (*»«t  iron,  brwixe  or  cant  Htw*I  f«jr  j>n«« 
»«  up  to  tM'-K)  PHI,  with  bra«Ht  iron  or 

le  in  «i/.<*«  H  to  H  in.    Cattilttg  Afo, 


Water  Blender 


MaretXfarm  Wmtlm* 


Heating  Systems  *  Hot  water 


Sarcotherni  Controls  Inc. 

Empire  Stuio  HIdg.,  New  York  1,  N.  Y. 

HKPRKSKNTATIVMS  IN  PRINCIPAL  C'rn  KS,  K  \rpmn    \r  UITIU.HU.M,  PA. 


Fully  automatic  modulating  control  of  forced  hot 
water  or  radiant  heating  systems  for  all  types  of 
buildings,  direct  by  outside  temperature. 


Basically  SARCGTHBRM  is  a  simple,  mechanical 
throe  way  valve,  mixing  hot  water  from  the  boiler 
with  the  cooler  water  relumed  from  the  M\stein.  in 
just  I  he  right  proportion  to  hold  the  desired  room 
temiieniture.  By  mainfaiuin^  aelivi*  riretilafion 
through  the»  radiators  or  roils,  the  rustomary  lajs 
of  conventional  ihernioslals  is  elitniiiateo!, 
Sareolherm  control  valves  are  available  in  si/es 
*J  i  in,  to  <>  in.,  in  a  nuinixM'  of  ,si  \  le?«  to  uieei  spr<"i 
(ications  for  huihlin^s  of*  all  f\pes.  11ie>e  inelut!** 
<'oiapletel\'  automatic*  pro^raiu  euiitnii  svsiettiH, 
as  e\aiuple  shou  n  in  IMJJ.  2. 


Radiant  Heating. 

Sarcotl'H^rm  provi<les 
;i  .simple?  and  ctlTective, 
nysicm  for  controlling 
rmlianl.  or  punt1!  heat  > 
ing.  A[HO,  i.h(k  coin- 
puny  haH  available  in 
the  pernon  of  our  t<kch 
niea!  directoi',  fl\  Xa 
pi(»r  Adlarn,  one  of  tl»» 
leading  authorities  in 
thin  Held,  and  a,  Fre- 
quent contributor  to 
he  a  ling  j  our  luil  H. 

Engineering    Service. 

Consulting  en^in(kerH 
and  contract or'K  are 
invited  to  consult 
with  UH  r<*KJtrding  any 
pr(»f)OKed  hot  wafer 
system,  Therti  in  no 
obligation, 


Write  for  (*at;ilog  Xo,  IIV  JSfWt, 
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Heating  Systems  *  Steam  Generators 


Vapor  Heating  Corporation 


14f>()  Railway 


,  Chicago  14,  Illinois 


Nt'\\  York     •     St.  Paul      •     Cleveland     *     Si  .  Louis     «     Denver 

Washington      •      Philadelphia,      •      San  Francisco      «       Portland 

Jacksonville,  Florida    •     Houston,  Texas    *    Montreal 


SIGNIFICANT  FEATURES  OF 

VAPOR-CLARKSON  STEAM 

GENERATING  UNITS 

Full  steam  pressures  within  2  minutes, 
front  cold  start, 

To  start,  press  one  button. 

Operating   pressures    can    be    regulated 

between  75  and  30!)  Ibs  per  sq  in. 

Minimum  space  required;  exceptionally 
light  weight  (see  table  below). 

Construction     conforms     to     A^.M.K. 

Code  and  i,s  lltirtford  tit  an  HI  Boiler  In- 

xfx'i'liwn  nrt'l  Insurance  Co,  inspect <kd. 

Fu<*l  and  air  intakes  arc  above  the  zone 

of  inflammable  ^ases, 

No  fire  -tubes  or  grates;  no  crown -sheet  or 

fire  box, 

Xo  hendens  or  druuus;  no  water  level  to 

watch*  hence  no  wutcr  level  gage, 

Kusy   and   economical    to    operate    and 

maintain, 

High  efficiency    beyond  rated  capacities. 

Automatic  Ignition;  forced  circulation. 


A  FEW  SPECIFIC  USES 


Of*    l>i»'M*l    ioeuntotivcH    for 

fKiHHi'iigH'  train  heating, 

!M«*  MitvtuK  Asphnlt  I'lunts, 

C\*iirii*t«*  I*I;tiilM  ,*utfl  ("onrrefe 
|*;iitit  "sf  ri{»|»itig  f*f  all  kituK 
i\iii<*r,0'!ic\'  hruf  ing  during  rep 


(lil  iit*}ii  drilling 
Orviuyt.  in  !i*»f»j»it»lM  or 


(leaning      ,   ,   ,     Heating  marine  craft. 

Sterilising  of  all  kinds. 

Cooking  and  hot  water  for  field  camps. 

Road  construction    drying  wand, 

thawing  culvert H, 

Yuleanumg  procewn  and  other  pnx'ess 

work. 

Wherever  i tint uu I   pressure  steam  in 

required, 


DATA  ON  VAPOR-CLARKSON  STEAM  GENERATORS 


tYlT  ** 
I  SIT 


Kt'KAVI 

i'Kit  iiont 
JMS  i' 


jnu 


«s 

Ht| 


\Vidth 


45 

411 


WKIOHT   !     MOTOIt 
»'I)ryj       -    HATlN(i 


HlWt  1 1  j 

224(1  1 

'¥J<K»  ft  4 


1371 


Heating  Systems 


,  Steam 
Hot  Water 


WARREN  WEBSTER  &  COMPANY 

Pioneers  of  the  Vacuum  System  of  Steam  Heating 
Main  Office  and  Factory:  Camden  5,  New  Jersey 


REPRESENTATIVES 


ALBANY  fi,  N.  V. 

DALLAS  4,  TKX. 

MlLWAUKKK  3,  \VlH. 

HOCKKHTKH  4,  N,  Y. 

*II.  A.  Bond 

,J.  R.  Dovvdo.ll  &To. 

A.  M.  Freeman 

*L,  M,  f  lakew 

152  Washington  Ave. 

4024  Swiss  Ave. 

IK)HH  Plankinton  HUU, 

t  Reynolds  Arriuio  Bldg, 

ALBUQUERQUK,  N.  M. 
V.  C.  Finney 

DAVKNPORT,  I  A. 
II.  II.  Evunaon 

MXNNKAPOUK  2,  MINN. 

*  t  I       I*'      (  ^/n-r-Jtli 

SA<*INAW,  Mini. 

245  N.  ITermobia  Ave. 
ATLANTA  3,  GA. 

2121  Main  St. 
DAYTON  2.  OHIO 

*  i  .  j  /.  '  »en  i>sn 
1111  Nieollet  Ave. 

2'M(}  Mershun  St.' 
ST.  LoriH  ,1,  Mo. 

*E.  W.  Klein  an<l  Co. 

C.  D.  Weaver,  Jr. 

NKWAUK  2,  N.  J. 

152  Nassau  St.,  N.W. 

Edward  Mnyr 

2HJJ5  \Vashinjjft4in  'HI  i*  1 

ATLANTIC  CITY,  N.  J. 

DKNVKH  4.  COLO. 

10(50  Broad  Si. 

S/Ti'.isitrn\    N  ('          ' 

*B.  U  StrouHe                     *H.  H.  Herman 

030  Guarantee  Trust  Bltlg    1228  (California  St. 

NKW  HAW;*  10,  CMNN> 
II  .  H.  Brings 

K  (*   Shearoti 

(52f<  S.  Ft»It<»n  St. 

BALTIMORE  18,  MD. 

DES  MOINKH  9.  IA. 

902  Chapel  St. 

SALT  LAKB  <  *ITY  4,  UTAH 

MI.  M.  Harris 
2301  N.  Charles  St. 
BIRMINGHAM  3,  ALA, 
*  Haydn  Myer 
2224  Comer  Bldfc. 

H.  K.  Drain 

500  Securities  Bld#. 
DETROIT  2,  MICH. 
A.  B.  KniRht 

8310  Woodward  Ave. 

NKW  OKU;ANB  IJl,  L,\, 

*W,  H.  Crant,  Jr. 
209  Vincent  Kldg. 

NKW  YORK  IB,  N,  V. 

Mtciglcv  Jiulwr 
44  W,  K  Ht.,  Wiiuth 
SAM  ANT<tNio  &  Tr.x. 
*H.  8.  liydwi 

BOHTON  10,  MABH. 
J.  F.  TuttlcCo. 

KAHTON,  PA. 

J    N    HtitKD 

J.  F,  Hnnbury 
95  Mttdiwm  Ave, 

SAN  KiiANrwro  IL  CALIF 
*K,  II.  (iniNH 

127  Federal  Kt. 

207  Biirko  St. 

NOUTH  HKKO,  VT. 

42tt  Market  Kt. 

BUFFALO  2,  N,  V. 
*Wm.  Roebuck,  Jr. 
502  Juekson  BUI*?, 
BTITTK,  MONT. 
*T.  J>  Sullivan 

GRAND  RAPIDB  2,  MICH 
*Ifcro  O.  Hratt 

3!{  Pearl  Kt.,  N.W, 

llAKRXHllUttO,  PA, 

H,  J,  (lark 
North  Hero,  Vt. 
OKLAHOMA  CITV  t,  O>KI.A, 

SKArn.r,  4,  WAHK. 

.TJIfi  (*t)lu»ihttt  St, 
St»oiu\*f:  15,  \V\HH. 

{)0J>  10.  Second  St. 

Fred  W.  Sehiiuinel 

ui()4  N.W.  Fifth  St, 

I'!,  IKfc'Tirur  \\r. 

CHAHLKHTON  2,  VV.  VA. 

H,1f>  S.  13  Ht. 

OM  AH  A  2   Mt  lilt 

W.  A.  Stevenson 

HOUBTON  1,  TKX, 

M,  K,  Wnirt 

II   H,ii}w*<«ii'     ' 

1205  Alexundor  St. 

*H.  B.  Johnson 

U'Ul  Do  lifting  ,Sf 

214  if,  I'n  vet  t«*  St, 

CHATTANOOGA  2,  TKNN*. 

1017  Konino  Street 

OKi.ANmt,  FLA, 

('.  K.  Mills 

INDIANATOLIH  4,  I\'i>, 

f  S,  H,  Mneifutttiiuu 

*!•''<'    liirhiirii'rttn.  Jr. 

<!24  Jmmw  Bldg. 

*S.  I').  f'Vnhtennftkiu* 

210  8   Miuu  Sf, 

4(t*  1  "K*lfot)t  HI*|F 

(  hiK'AeJo  ft,  ILL. 

333  N.  IN'mwylvania  Kt, 

T«  i,M,  ,\  OKT.  n, 

64(1  W.kWiwhiii«t<m  Blvd. 

KAKHAH  CITV  2,  Mo. 
*K,  N.  Sehwtd 

•Klir/'lYi'Sirt  '*'    *'V 

<  Juy  J,  Onfliti 

C'IN<1NXATI  2,  OHIO 

We.Htport  Bank  BIcJ«, 

2<i  Sotith  2<Kh  St 

S»if  tjity  **M  »  fl*^  J  137 

*(}.  B.  HouliatoH 
707  Haeo  St. 

!<OH  ANUKLKH  13,  CAI.IF. 
M{,  M.  <  \\nm4 

MV/^StHnarr    ^' 

iT^H'lto  '*' 

(  -LKVKLAND  IB,  OHIO 

320  ('roekw  St. 

JiK)i>  Knifitre  B!ti$j, 

Hltt  t"lH*»|*  Til*''*   HJtlg, 

*A.  L.  VAMDKUHOOF 

LotrwvrrAK  4,  Kv. 

Pnim(\VI)  4,  flMl 

^Vi«  tut  \  *2»  K  vs*> 

233  Hanna  Bld«. 

*llivy  F.  t!jt»s«*i* 

('OU'MItU,  S,  C. 

5IH  Hurrot'Avfi.  ' 

112  s,vi\  riiw  stt 

ill  \*  ^  if*»rk  I*il>»l»*i  St, 

Ml,  F.  Donovan 

Mi'jMiMiiKS,  TKNN, 

H  MiKIdJif     N*    <  * 

\\  (|,K  1  H  H\ltl(S!(  r  i. 

P.O.  Box  5204 

*T,  J,  O'Brien 

B,"  C.Allen 

\,  Hi  H  w 

Five  Points  Station 

10,'K)  !'kehttn«e  Hlil«, 

JtttH  M^ti'isi  Nnt'l, 

OOUIMBUB  15,  Ouio 

MILTON,  N,  V. 

U  wjjMovt)  !'i  V  i 

»*              (     ,  \  j. 

*R.  A.  Wilaon 

(Near  FotijKhkw^iiKjef 

It  A  Berni-rf 

Will,  J     ftMiUfi*w*ti 

20  S.  Third  St. 

Wiufield  (!.  Bniiny 

<•»•«'  Imw  B!«i« 

*  Momhfir  <if  American  Sodoty  of  Hmting  and  WuttUtin^ 


en  and  Manufacturers  /or  C«m««/*jr  «in«l 

'li  BROS,,  LTlh,  P.'O.  Bex  1H7, 


Wamw   W«b«l.r*r 


THE  COMPANY 


H«ntativt'fi  I 


TT\;M«iv.r»       *^      v^'ili|Hbi(jfF      UiiVl'  j     Rl'UHliUVrn  Jlwlf'II  Jln«»V<»,       |,  fii'WH'tltf Ili^l!!^ 

,,r»,,.,w^,,;,,.  for  nixty  yoarH  in  tlio  jictld  of  ;  arc!  thoroughly  foiiVf*rHai*t  with  nwthwls 

slftHJii  (tircubition   Jin<l  HLoiitu  diHtriliU"  ~  )it\t1  t*tti*%i\*iit»rtt  i*»j.»*i***w*»i  »„„»*,«**»*„  .n,,j*«;i.** 
tion,  particularly  vamann,  vapor  and  low 

orcHBuro  Htoain  hoatiiig  c;f  built ling«»  and 

modiuia  proHHure  Kleani  in  indiiHtriiil  mid 


t  to  runt  n»i 

lion  HMif  hwil  tmrwf«irr  i^wiriiiK  nmxi- 
r!ii'w  with  minimum 


xtx^rioncc  of  tho 
pany  in  available  through 


Jit 


the  Hoiuo  Office  and  Ihrtiugh  ih«  Hc»pri»- 


on   r 

ftiic! 


t*»  supuiy 

(  full  »,i»i«hni«'al,  nviubbifiiy 
f'i*  infornmti<m  c»«  nil   W«b»titr 
and 
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WEBSTER  HEATING  SYSTEMS 

There  is  a  type  of  Webster  Heating 
System  to  meet  practically  every  need 
and  purpose,  These  include  Webster 
Steam  Heat  ing  Systems  for  larger  build- 
ings of  almost  every  type,  ami  Webster 
Baseboard  Heating,  a  hot  water  system 
particularly  suited  for  residences  and 
other  one  and  two  story  buildings. 

Webster  Steam  Heating  Systems  are 
low  pressure,  two-pipe  systems  in  which 
strain  in  delivered  to  radiators  and  other 
heating  surfaces  through  supply  piping 
and  water  of  condensation  and  air  are 
removed  through  separate  return  piping, 
Webster  Radiator  Valves  and  Thermo- 
stat ic  Traps  are  installed  respectively  on 
the*  NUpply  ttn<l  discharge  connection  of 
each  radiator.  Webster  thermontat.ic  or 
float  and  thermostat  ic  traps  assure  re- 
moval of  water  of  condensation  and  air 
from  the  piping. 

Available  with  vacuum  return,  or  with 
open  return  (vented  to  the  atmosphere) 
with  either  Condensation  Pump  or 
Holier  Return  Trap  and  Vent  Trap  to 
return  writer  to  the  boiler,  or  with  Vent 
Trap  alone  where  cwnlcnuate  is  wasted 
to  tin*  newer,  or  in  appropriate  small 


Webster  Vacuum  System  *A  conven- 
tional vacuum  healing  Kyntcm  in  which 
tin*  return  mains  are  joined  together  and 
»'onn**He<i  to  the  Ruction  end  of  one  or 
more  vuc'tiuw  punipw  which  remove  air 
ftiid  wjiter  of  condensation  und  nHHuttH 
f'irrulation  by  maintaining  a  lower  pres- 
sure in  the  return  than  in  the  supply 

piping 

WetiHter  Typ«  "R"  System  -A  two- 
pipe,  l«»\v  pressure  or  vapor  healing  K.VH- 
t«»m.  Wafer  of  cowlerwaf  Ion  i«  returned 
to  tin*  boiler  by  gravity,  prompt  ^return 
iicif*#  n^iifcd  rf#finiJenn  of  variations  in 
boiler  pr'*H»utre  through  the  operation  of 
ft  \VVbaN*  r  Boiler  ItHunt  Traf>  and  Vent 
i'rnp  in  combination.  Kquipment  in 
iivmliihlt*  in  M»«'H  to  cnr<!  for  KVHfem« 
nut  King  fmw  the  snmllest  to  1(>,(XK)  Ht|  ft 
KDIt  When*  dtwipd,  or  where  gravity 
return  in  n«»t  pomible^  it  (!<>n<l<»n«ation 
!*iwip  maty  be  mib«tttuted  for  the  Boiler 
Upturn  Trap  Combination, 

Webster  Type  **V"  System  -Kwp-loyn 
<miy  a  \Wiwr«*r  Vent  Trap,  For  inHtal- 
litf  IOIJH  of  1IJCKJ  wj  ft  MIMt  or  le«s  with  oil 
imrwr,  *»tokftr  or  gtis  burner;  with  va- 
liMR'iUtt  having  cut  In  piwmire  of  about 
Vi  II*  nut!  rtit'OUt  prcHHiiiT*  of  about  ?4"  Ib 
(iiut  pn'HHunwtfttj,  lor  kwwitch  (ir  protec- 
tor relay  and  one  or  mow  key  room 
I  hrrmoKi  atH.  Vunt  Trap  lit  fiinpfu  IwsJpfht 
fibovt*  water  level.  Boiler  Protector, 
or  at  l«»^t  iv  low  water  ««t-<mt.  A«k  for 
Bulletin. 

Webster  Moderator  Systcsms  -These 
art)  all  W«l*Ht«r  Htiwrn  Ileitting  Hy«tems 

1 


with  vaciuum  or  open  return  to  which  arc 
added  (a)  accurately  sized  metering  ori- 
fices in  radiators  and  other  heating  sur- 
faces to  balance  distribution  and  permit 
"partial  filling"  of  all  radiators  practi- 
cally simultaneously  and  at  various 
rates  of  steam  flow,  (h)  Automatic  con- 
trol by  Outdoor  Thermostat  for  varia- 
tions in  outdoor  temperature,  (c)  Manual 
Variator  to  provide  for  convenient  ad- 
justments for  heating  up,  reduced  night 
heating,  shut  off,  etc. 

"E"  Series  Moderator  Controls— In 
this  series  the  Outdoor  Thermostat  and 
Variator  position  a  motor-operated 
Steam  Control  Valve  through  an 
Electronic  Differential  Pressure  Control 
Cabinet  to  produce  continuous  steam 
delivery  and  heating  offer- 1  at  the  radia- 
tors with  automatic  variation  in  heating 
for  changes  in  outdoor  temperature  and 
automatic  adjustment  to  compensate  for 
variations  in  steam  supply  pressure.  Ask 
for  Bulletin  B-004A. 

<4EH"  Series  Moderator  Controls— In 
Una  nerics  the  Outdoor  Thermostat  and 
Variator  may  control  a  motor-operated 
steam  valve  or  directly  control  oil  or  gas 
burner  or  stoker  through  a  cycling  Con- 
trol Cabinet.  Steam  delivery  is  inter- 
mittent but  in  short  cycles  HO  that  heat- 
ing effect  is  substantially  continuous, 
particularly  with  cast  iron  radiation. 
Ask  for  Bulletins, 

Webster  Continuous  Flow  Control—for 

forced  circulation  Hot  Water  Heating 
Systems,  Outdoor  Thermostat  and  Var- 
iator control  throttling4ype  valve  or  di- 
rectly control  oil  burner,  g^us  control  or 
ntoker  motor.  Water  flows  continuously 
through  the  system.  Heating  m  con- 
tinuouH  and  adequate  at  all  timon.  Ap- 
plicable to  Baseboard,  Oonvect.or,  RadU 
at  or  or  Panel  Heating,  Awk  for  Bullet  in 
B  2W. 

Webster  Baseboard  Heating -A  pat- 
ented forced  circulation  hot  water  hent- 
ingBysteja  in  which  the  heating  element 
fitn  behind  a  npeeially  built  metal  bane- 
boimL  Air  enters  at  the  floor  line, 
PIWHCS  over  the  finned  heating  element,  is 
warmer!  and  c.omcm  out  of  «lotn  at  the 
top  of  the  baH<i"board.  The  heating 
clement  IH  a  copper  tube  with  copper 
fins  running  In  a  continuous  loop  around 
the  expowtnl  walln  of  the  htnuus  -a  sepa- 
rate loop  for  each  floor, 

linen  le««  material  and  ICHH  labor  than 
conventional  radiator  heating  H.VHteiiiH, 
white  providing  all  the  advantages 
duimt'u  for  forced  hot-water,  plus 
radiant  «d!ec.t  from  warmcul  bttK«b(»ards 
and  walln,  pUw  natural  ronveeted  itir 
movement  mmmt'ml  to  roinfort*  Tem- 
pftrat,ure«  vary  Ic58«  thnn  2  tleg  from  floor 
to  ceiling.  Ask  for  literature, 
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STEAM  HEATING  AND  PROCESS  SPECIALTIES 


Radiator  Valves — Choice  of  spring  re- 
tained packing,  Type  BW-P  or  Sylphon 
Bellows  Packless  Series  600-S.  '1A  in., 
M  in.,  1  in,,  1J^  in.  sizes.  In  angle,  right 
and  left  hand;  straightway,  with  single 
or  double  union.  Spring  retained  pack- 
ing. For  low  pressure  vapor  and  vacuum 
steam  heating  service.  AH!C  for  Bulletin 
B-705. 

Thermostatic  Traps— Series  a7"  (dia- 
phragm type)  and  Scries  "5"  (bellows 
type)  for  radiators  and  drips.  }4  in., 
M  in.  and  1  in.  sizes.  There  are  six 
body  models  for  the  }*2  in,  size  alone. 
Maximum  pressure,  25  Ibs  per  sq  in. 
For  low  pressure  vapor  and  vacuum 
steam  heating  service.  Series  "78"  for 
process.  %  in.,  1A  in.,  ?.(  in.  and  1  in. 
sizes.  Class  2  for  pressures  of  60  to  150 
Ibs.  Used  to  discharge  air  and  water 
from  heating  coils  of  any  apparatus 
using;  Hteam  at  process  pressures.  Ask 
for  Bulletins. 

Heavy  Duty  or  Drip  Traps-Series 
"26"  Float,-and-Thcrmo8tatic  for  heat- 
ing and  air  conditioning.  Moat  used 
sixes:  00026,  0026,  026.  PrcfinurcH  up  to 
15  Ibs  per  sq  in.  Made  for  the  presnure 
and  capacity  condition*)  encountered  at 
all  drip  points.  Series  M7!)n  Float-ami* 
Thermostatic  for  proccww .  For  prcHHarefi 
up  to  150  Ibs  per  sq  in.  For  UHO  whore 
large  volume**  of  hot  comlenaate  must  bo 
handled  more  quickly  than  in  posnible  by 


thermostatic  traps  alone.  Ask  for  Bulle- 
tins, 

Dirt  Strainers— Dirt:  }2  in.  to  6  in. 
sizes.  Maximum  working  pressure  150 
Ibs  per  sq  in.  Placed  ahead  of  traps  in 
return  lines  of  steam-iwing  equipment 
and  steam  heating  systems  to  catch  dirt 
arid  other  particles,  preventing  them 
from  impairing  the  tight IH»HH  of  the 
traps.  Suction:  Maximum  working  pres 
surea  15  llns  per  sq  in.  Installed  ahead 
of  vacuum  pump  to  prevent  dirt  from 
damaging  pump.  Ask  for  Bulletin 
B-700." 

Boiler  Protectors  One  size,  with  '*4  in. 
connections  with  or  without  elect riml 
cut-out  switch.  Maximum  prenHure  15 
Ihn  per  sq  in.  Maximum  fold  water  main 
presmire,  150  Ibn  per«q  in.,  minimum  not 
loss  than  25  Ibs  per  sq  in,  Prevents 
breakage  in  low  pressure  heating  boilers 
when  the  water  level  heroines  inade- 
quate, Ask  for  Bulletin  B  727, 

Expansion  Joints  •  Cr<w#h*!ad  or  in- 
ternally  guided,  In  niiigle  slip  and 
double  slip  mmiidn  in  wont  widely  UHIM! 
pipe  Bi/*<tM.  For  pressiirrK  up  to  2(K)  Iba 
per«H(|in.  ForHteam,  hot  water,  hot  nil, 
hot  KftHt  and  condcnHnta  return  Hn«*«. 

A  hit    Double     Service     Y;ilvi«s.     Cheek 

Valves,  Lift  Fittings,  <  tati#r,s,  M«*tori/cd 

Valves,  Steam  and  Oil  St*p;int  tor/4,  Sijjht 
(llnKScs,  Vacuum  Breakers,  A>k  for 
HuUrtins, 


RADIATION  AND  HEATING  SURFACE 


Webster  System  Convector  Radiation  - 
Non-fcrrouH  con  vector  radiation.  Kach 
Webster  Systotu  Radiator  indudcw  a  coin* 
nloto  entdoHure  of  furniture  Htoel  with 
baked  prime  coat,  Choice  of  five  types 
of  enclosure,  two  fully  reccHwed,  pJiiHler 
front,  an<l  mctjil  front,  Threi*  cabinet 
moth'lH.  (/orttainod  within  the  cmclonure 
is  at) rofabricatttd  unit, combining  heating 
flurface,  valve,  trap  and  union  i-onnee 
tionn,  Hhippod  ready  to  connect  to  supply 
and  return  piping, 

WubHlor  HyHt<iin  Uadiatiim  wan  first 
offered  in  11)32,  Now,  a  vat  table  in  an 
improved  demgn,  uning  tbe  same  ba«ic 
material,  copper  tubing  and  aluniifitim 
fins,  Inereaned  rigidity  of  the  tubing 
and  the  development  of  a  new  method  of 
manufacturing  HAM  produced  a  fin  «urfaee 
of  unusual  rigidity,  free  of  expansion 
arid  contraction  noiftiw.  A,sk  for  Bulli* 
tin  B  1500, 

Webster  Type  WI  Extended  Surface 
Radiation-" "Covered  by  pat<*ntn  and  pat- 
pending,    Completely  no 


being  made  up  of  Hperially  anti<*aif*d  * 

per  tubing  with  rib  reinforced,  >*„ 

preHHed  aluminum  tins.     Av*ulnhl<*  in  two 

?  tin  HMeH,    .1  UL  tin  w*e  in  2,  3,  4»  5,  and  0 

!  ft;  4  in.  fin  ni/.c  in  Uf  4,  *»  and  N  ft  leii^tliH, 

!  Can  hi*  fined  to  adwtnta^1  in  ninny  build  - 

j  iriKH  with  Ht«*nm  or  hot  water  liealiii^, 

i  pariiculnrly  where  H»i*>r  HJWCC  or  vi« 

1  wall  «f>ac«  $«  Ufttifed*     A-^k  tor 

B  lf»m 

Webster  Walvector— Ki«i(t^i<"«i,  »**» 
ferrous  r«»nvi«eh*r  incorporatuiK  \V*'(i?ifer 

Ty|H'"*Wr*  lieaf  iiiK  eii»!ii"'ittt     Kitetti,»iire 

iiviiil}|i>te   iis   ft*ur    l\jw,Ht    fur    iitiHiiiliitg 

|  itloiiKoiit^tdt*  ttjill  clo^r*  fit  ili»«»r  *fi  iiitd«*r 

i   windows,    !)i»Iiv**n*d  :t;^  rMiuj»li»t»»  '4p:irk 

uic**,M  it  ineludt^  all  f**i!iiii»»iii%tit'-  ne«'deti. 

Can  be  u.seii  !«>*  wpunifi*  i'Mtivi«elor  unit 

or  for   ^all    to   \\iiii   ;i|*{tlt**;tli»»!»      For 

HfPHin  or  hot    tt\ufer  lif*;if  tlif4,     iJjiilifilioli 

ninv  be  ufifieed  for  ^1i*nui  tn>*:i 


mill   «»t|i«*r  ruiiuwrcial 
k  ft*r  Hulii*hn  H  I.Vtl 
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WEBSTER-NESBITT  UNIT  HEATERS 
Am  manufactured  by  John  J.  Nesbitt,  Inc.,  Philadelphia  36,  Pa,,  and  are  distributed 

aolely  through  Warren  Webster  &  Company,  Camden,  New  Jersey.    Designed  to 

circulate  large  volumes  of  air  at  comparatively  low  temperatures,  assuring  quick 

heating, 
lint  ings  of  Wcbster-Nesbitt  Unit  Heaters  arc  based  on  tests  made  in  accordance 

with  standard  tent  code  of  Industrial  lrnlt  Heater  Association,  and  A.S.H.V.'E. 


PROPELLER    FAN    UNIT    HEATERS 

Designed  to  in- 
corporate four 
characteristics 
e  s  a  e  u  t  i  a  1  t  o 
both  proper 
application  and 
satisfactory 
performance: 
1.)  Selective 
ranyc,  of  sizes. 
Manufactured 
in  nine  sizes. 
Heating  capaci- 
/''»>,  J,  Ntonfard  fas  vary  from 

JfVtf/wHrr./'rttt  2j//>fl.  *>«  ^nn  -t      «>«>^  AQQ 

Bf  u  per  hour.  Air  deliveries  from  470  to 
4800  cfm.  2.)  Quiet  0 Deration.  All  fans 
have  blades  of  exceptionally  largo  areas 
and  of  a  «hape  to  impart  a  gradual  accel- 
eration  to  the  air  stream.  Ample  spacing 
is  maintained  between  the,  fan  and  heat- 
ing element ,  Mot  orB  are  of  sleeve  bear- 
ing type  ami  equippetl  \vith  iBolatoru* 
*'$.!  linrtthlelii}ht\wi()hl  Heating  Element®. 
K\t ended  iiu-and  tube  type,  constructed 
of  ropper^crondtaimnK  turx^H  and  plute- 
typ**  atumituim  fitiH.  4.}  ^foderti  (fining 
I'it'xiiin.  ( 'ompart  HUHp«inded  type,  W-N 


SERIES  "IT  UNIT  HEATERS 

A  Ui'fif*  furnifun*  KtiM'l  (*abiiu*( 

iiii;  ii  roppi*r  tubf%  aluunnum  fin  heating 
i')rttu*nt  a»laj»t,ablt*  for  Kteatu  or  forced 
lifit  wa(<*r  HVHfeftsH;  iwd  two  to  five 
fvntrifuKul  faun  tn'It  driven  fr<»iu  an  4»li»c- 
trif*  motor,  t*niv«*r«al  denign 
wi<li*  Ht'xibility.  KHp(*cially 
wlnTi*  low  iN*i«e  levelrt  are1 
Vurinbli*'pitr)u'«i  motor  sheave  permiin 
b»w  *>r  high  Hpi»«»«l  operation  of  farm. 
Avaibthli*  in  four  HUM.  Air  <l<»liverie« 
witli  HtrttMlaro!  *lrivi*  niuge  from  51H  (,o 
JH*JI  rfiu,  Steam  IteatinK  eapaeiliert 
ran»fi<*  from  15S  to  5HK  El) It,  Heru!  for 

c^iHing  \V.-N  i«». 


GIANT  UNIT  HEATERS 

t  Sturdy  blower-fan 
units  for  the  econom- 
ical heating  of  large 
areas. 

Standard  (Non- 
Thcrmadjust)  type. 
Used  p  r  i  n  c  i  p  ally 
where  heating  is  by 
reeirculation  only, 
and  where  constant 
heat  output  is  desired 
during  p  e  r  i  o  d  of 
operation. 

.  lilower*F<mTuiw  Thennadjust  Type 
Employs  dampers  in  front  of  casing  and 
over  face  of  heating  element  to  provide 
mixing  of  unheated  and  heated  air,  pro- 
ducing heat  output  in  accordance  with 
requirements  and  continuous  circulation 
of  air  volume. 

Valve  Controlled  Type.  Unit  is  of 
standard  casing  arrangement  but 
equipped  with  Nenbitt  Heating  Surface 
and  Kt  cam-distributing  Tubes  which 
allowH  for  automatic  control  of  heat 
output. 

Floor  mounted,  wall  mounted,  ceiling 
Hwmemlecl,  from  101,  000  Bin,  2580  cfm, 
to  1,008,000  Htu,  17,M(K)cfni.  Puh.W»Nl28. 

LITTLE  GIANT  UNIT  HEATERS 

Adaptable  to  a 
wide  variety  of 
applications  and 
field  conditions, 
Seven  bamo  Hixen, 
(»ach  with  a  choice 
of  two  (HOIUC  unitw 
three)  heating  ele- 
rncntH.  The  three 


Type. 

are  of 


Fig.  4. 
smaller 

the  blow  -through  type,  having  lower  out 
let  velocities  generally  intended  for  the 
lower  mounting  heightn  of  commercial 
nwtallalionB.  The«e  «is5(vs  arc  made  in 
down-blow  type  only.  The  four  larger 
models  are  of  the  draw  -through  type,  and 
produce  the  high  clirtehargc  velocities* 
wwttBitry  to  blow  long  diHtnnceH.  Thtmc 
four  modd«  arc  available  in  either  hori- 
zontal or  vertical  down-blow  arnmge- 


Non-ferrous  uIl-purpoHt?  h 
merits  demgrted  f<^r  Htcam  pressure  up  to 
200  lb-  gauge,  saturated,  and  sturdy  can- 

I  inra  of  modcrtt  (Uisig;n.    Heating  capaci- 
|  ticH  range  froiij  2N,(500  i<*  »1K,(XX)  Htu 

basic*-  Kt(*atu  ratings.    Bend  for  publicti- 
i  tion  W-X  134, 
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133  Mermaid  Avc.,  Philadelphia  18,  Pa. 

YARWAY  IMPULSE  STEAM  TRAPS 

Construction  -Made  entirely  of  bar 
stock.  Only  one  moving  part,  valve  (K ) . 
For  pressures  to  400  Ib,  body  nnd  bonnet 
of  cold  rolled  steel,  cadmium  plated; 
cap  of  tohin  bronze,  valve  and  «eat  of 
beat  treated  stainless  steel.  Kor  000  Ib, 
trap  is  all  stainless  steel, 
Operation  --At  low  eondensate  tempera- 
tures, bypass  through  control  chamber 
(K)  and  cent  or  orifice  of  valve  reduces 
chamber  pressure  and  valve  opens.  At 
high  temperature,  condcnsate  vaporizes 
in  (K),  increased  volume  builds  up  pres- 
sure and  valvo  closes, 
Light  Weight  -Need  no  support  J  in. 
trap  weighs  only  1 J  Ib.  2  in.  trap  weighs 


Small  Size    \  in.  trap  2}  in.  long  -2  in, 

trap,  4}  in.  long. 

Will  not  air  bind.    Require  no  priming. 

Insure  quick  heating. 

Low  Price    Often  cheaper  1  hnn  repairing 

old  traps. 

Factory  set  for  all   pressures  to  4(X)  Ib 

(or  000  Ib)  without,  change  of  valve  or 

seat. 

Send  for  descriptive  bulletin  T-1740. 

YARWAY  FINE-SCREEN  STRAINERS 


Prices,  Weights  and  Dimensions 

>0  Series—  to  4W  Ib;  Uli  Set  ' 


Swe 


. 

Nr»M,  f»t 

Now,  (K» 
NOR.  «4 
NUM.  fift 

New.  117 


r  tl'O 

r  IS  I 

r  l^'f 

r  124 

r  i  an 


Trat*        Weight 


4M.IH) 

ftHJKI 


Yarway  Fine-Screen  Strainers  oflVr 
better  protn'tion  iign»rj«t  ruBtf  wrali?  ftfi<i 
dirt  for  nil  Htcrun  f*quipUM*nf . 

Mtule,  in  tt*»  «fan<Iitrcl  HI/I*H  front  ^  i  in, 
io  3  in.  Oidmitifn  platt*d  ho«H<»H.  High 
$nul<»  Morifl  wovt»n  wir«»Hrn*cnH,  Many 
in  Uh(*.  Writf*  for  B»I!i*tifi 


YARWAY  EXPANSION  JOINTS 


All-steel    welded    contitruction;   Ityht 

but  strong.  Chromium  covered  sliding 
sleovcsH.  Cylinder  guides  and  Bluffing  box 
integral,  assuring  perfect  alignment.  In- 
ternal limit  stopti,  Gun-pakt  and  Olaml- 
pakt  types:  Guu-pakt  (illu«trat«d)  fiitifd 
with  Herew  guns  which  pormit  addition 
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of  plastic  packing  whiht  j**iitt  IH  und«*r 


ing 


HIM! 


induHtriu! 

EJ-HI12, 


firiit« 


tittlili<*«  and 
for 


Heating  Systems  •  valves.  Air 


The  Dole  Valve  Company 

Main  Offices  and  Factory:   1933  ClUTOll  AveUUC,  Chicago  12,  111. 
WATER  MIXERS  ^-^        ^  THE  ALL  STAR  LINE 


THERMOSTATIC  AIR 
CONTROL 


AIR  AND  VACUUM 
VALVES 


"DOLE  THERMOSTATIC  AIR  CONTROL" 


FOR  FORCED 
WARM  AIR 
HEATING 

SYSTEMS 


PROVIDES  INDIVIDUAL  ROOM  TEMPERATURE  CONTROL 

•  Operate*  thermostatically  from  room  air  temperature, 

•  Extremely  Sensitive:  Modulates  output  to  meet  heat  requirements. 

•  Completely  Belf-eon tamed;  no  wires  to  run— no  bulbs  to  locate— simple  to  install. 

Replaces  standard  forced  warm  air  registers. 

•  Simple  setting  of  the  thenno-dial  assures  room 
temperature  a«  desired—- corrects  many  unsatis- 
tory  heating  installations.    Materially  improves 
any    forced    warm    air    system.    An    automatic 
balancer. 

•  A  fully  automatics  zone  control  for  every  room. 
Dole  Air  Controls  are  available  in  two  sizes  and 
will  fit  the  following  Htackhcad  openings: 

With  an  adapter 

10"  will  fit-  -        12"  will  fit—  12"  will  fit— 

!<r  x  4"  12"  x  4"  14"  x  4" 

10"  x  5"  12"  x  5"  14"  x  5" 

10"  x  0*  12"  x  0*  14*  x  6" 

An  adapter  Is  available  for  baseboard 
installation  of  these  Controls. 

DOLE  AIR  AND  VACUUM  VALVES 

The  Dole  lint*  covers  every  venting  need  on  one  pipe 
steam  and  hot  water  heating  systems  and  offers  a 

complete  choice  for  every  purpose, 

DOLE  WATER  MIXERS 
Dolt*  Water  MIXWH  provide  wafer,  tempered  domestic 

hot  water  on  all  tanklean  heater  ancl  Htorapie  tank 
niHtfillatioim,  Available  in  8  Him*,  H  in,,  *J4  in.,  and 
I  in. 


tfat 
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Heating  Systems  •  valves 


Jenkins  Bros. 

80  White  Street,  New  York  13,  N.  Y. 

BRIDGEPORT,  CONN.;  BOSTON,  PHILADELPHIA,  CHICAGO,  SAN  FRANI'IKCO,  ATLANTA 


•LOOK  FOR  THIS  DIAMOND  MARK 


Leading  Supply  Houses  Everywhere  Stock  Jenkins  Valves 


Jenkins  VALVES  for  LIFETIME  SERVICE 


Bronze 


Iron 


Steel 


FOR  EVERY  NEED 
JENKINS  CATALOG  LISTS  OVER  500  VALVES 


(lonnull  Jenkins  Catalog  for  complete 
details  on  more  than  500  different  vnlven 
thnt  cover  practically  nil  indaslrial 
plumbing  and  heating,  and  engineering 
requirements.  Below  Is  a  brief  lint. 

All-Iron  Valves,-  $lobe,  angle,,  Kate; 
Angle  Valves,--  bronze,  ateel,  and  iron 
body  with  bronze  mounting;  or  trimming. 

Blow-Off  or  Y  Valves,  bronze  and 
iron, 

Electrically  Operated  Valves,  Gates, 
Globes,  Angles*  Fire  Line  Valves;  Floor 
Stands;  Foot  Valves  for  gawoline  wrviee. 

Gate  Valves/  -bronze,  iron,  steel;  with 
Bolid  wedge,  or  double*  line  pnniileiHentH; 
with  removable*  bonnet  and  renewable 
buBhing. 


Globe  Valves,--  bronze,  iron  mid 
one?  f»i«e,o  and  union  bonnets;  renewable 
and  integral  neatn;  rubber  composition 
or  metal  cii«e*s  and  plugs* 


Horizontal  Chtck  Vft!veR»  br«m/*%  jr*»tt 
and  Hteel;  Hose  Valves;  Indicator  Posts; 
Lock  Shield  Valves- 

Needle  Vtlves;  Nan-Return  Vtlves; 
Quick-Opening;  Self-Closing  Valves* 

Radiator  Valves;  Rapid  Action 
Regrlnding  Valves;  brimse  and  ir**ii 
wit  a  hronze  triniiiiing;  nniewalil 
HeatH  and  bevel  ne»tn  of  a  Mj»*ri*tl 
alloy  in  glob<%  nugie,  rl«»rk  Am! 


Valves, 


Selclo  V&lvts ;  Stop  and 
eouthihfttion    ur   aut«ii«iti« 
(Swing  C*h*'{*k  Valv*v*t 

BtW'I, 

Stalnlest  Steel  Va!v*«, 

wtttt  and 


Underwriter »'  Patftrn  V«If«»»-"  •  rl«*rk 
ami  gate;  Whittle  V*!?es;  Water  works 
Vahet, 


Insulation 


Kaiser  Aluminum  &  Chemical  Sales,  Inc. 

1924  Broadway 
Oakland  12,  California 


KAISER  ALUMINUM  SHADE  SCREENING 
WILL  HELP  YOU  SELL  MORE  AIR  CONDITIONING  UNITS 


By  moans  of  tiny  louvers  set.  close  to- 
lather,  Kaiser  Aluminum  Shade  JSereen- 
intf  retleetH  sun's  rays,  cuts  room  te,m- 
peratun'S  by  as  much  as  15  de$, 

Thus  the  load  on  air  conditioning 
equipment  iw  lessoned  which  reduces 
operating  eosts. 

Typical  example  of  heat  reduction  with 
Kaiser     Aluminum     Shade     Screening; 


YOU  CAN  SEE  OUT. 


!  wuimt  23  VU'M  wm<Im\,«  »'.? ft  \  f»ft,  Sun  1«M«1  pWNsiuK  thr(»u«h  wiml«»WM 82,200 

int^I  airsi  Jl1 ;  tt  \  '»  ft  \  *H       4*111  '<q  ft   hiking  a  Sun  Itwul  pn?wm$  through  Shade  Screen  ..        K,220 

:t:W  I'M  !*nd  Und  a«inttK  »»ul«n»irnw  at  *Jf!  I!<>K  Hwliiml  by                           -             - ,        .   .  7«,y«0 

i-iftftitii*.  Refrigeration  savings:  6.15  tons 

Kaiser  Aluminum  Shade  Screening  can  help  bring  the  price  of  air  conditioning  units 
within  the  reach  of  almost  every  home,  ofHee  or  induntrial  building.  Available  in 
Matnlarti  window  widths,  Write  (oday  for  fre<^  AJ.A  file  and  name  of  nearest  whole- 
sitler  or  applicator. 

DUCTS  OF  KAISER  ALUMINUM  DELIVER  5  TO  30  PER  CENT 

MORE  HEAT  THAN  DUCTS  MADE  OF  OTHER  MATERIALS 


linn  tthnnittnni  t'ttnln  /ess  thnn  In- 
xttlnti'tl  rnnltrtnl  nwt  «////  deliver® 
tht  unwf  hntt  tttttfntlt 

Tlit>  «r»ph  ut  right  show.s  results 
of  rerrni  tostn,  U'.s  evidence  that 
tluets  of  l*aro  Kaiser  Aluminum 
ran  iTiitiMnnoally  deliver  more  heat 
per  Bttt  input  than  duets  of  other 
nmfortab.  In  addition.  Rawer 
Aluutinum  ilwfj-t  mean  jt  \I\K\I  qunl 
itv  iiHlnll»ti«»u  lit  iosscoKt, 


GRAPH  SHOWING  TYPICAL  TEMPERATURE  DROP  FOR 
ROUND  METAL  DUCTS  WITH  VARIOUS  OUTER  SURFACES 

_  ^70  f^^a^^*,*^^  D(JCT  DIAM(    ir 

VELOCITY  441F.P.M, 
AMBIENT 

TEMP,    60  F, 
INITIAL  AIR 

TEMP.    170  F. 


20         40         80         80 

LENGTH  OF  00CT-FT. 


Writ**  for  free  booklet  that  nhown  how  duct  in«f filiation  eoHt.n  ran  he  lowerc»d    anil 
fuel  nwt«  reduced  ft»r  your  clients    with  Kuiner  Alumintim. 
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Insulation  •  Air  Ducts 


The  Philip  Carey  Mfg.  Company 


PRODUCTS 


Lockland,  Cincinnati  15,  Ohio 

District  Offices  In  All  Principal  Cities 


CAREYDUCT  is  recommended  where- 
ever  quietness,  case  of  installation,  fire 
safety,  fume  resistance  and  good  appear- 
ance are  desirable  or  essential.  Widely 
used  in  air  conditioning  systems.  Carey- 
duct  has  proven  itself  on  some  of  the 
largest  governmental,  industrial  and  com- 
mercial installations  in  the  country. 

Write  for  engineering  performance  and 
installation  data, 

ACOUSTICAL,  Careyduct  is  a  natural 
sound  absorber  and  non-conductor  of 
sound.  QuietH  fan  noise;  won't  pick  up 
and  "telegraph"  other  outBido  noises. 

INSULATED.  High-eflinency  insula- 
tion awsures  delivery  of  hot  or  cold  condi- 
tioned air  to  outlet**  with  minimum 
change  in  temperature. 

AIRTIGHT.  Won't  "breathes"  or  vi* 
bratc  at  high  vclocitieH.  iSHpjoint  con- 
struction prevents  leakage, 

SAVES  SPACE,  Being  40  per  cent  to 
50  per  cent  quieter  than  ordinary  duct, 
Carcyduet  handles  higher  velocities,  per- 
mitting the  use  of  smaller  si  send  duetw, 

*EASY  TO  INSTALL,  Prefabricated 
Careyduct  nnitw  arc  euny  to  hiHtall  — 

particularly  in  tight  plaeeB,  Simple  low 
cost  fittings  ean  be  mude  in  the  whop  or  cm 
the  job, 

FIREPROOF.    Iking  100  pi»r  rent  EH 
bofltos  coiiHtrufltum    (Jareydurt    won't 
smoulder  or  burn.    Approved  by  Undnr* 
writer*  Laboratory®,  Inc. 


ca  , 

Shmt  Mrtal  \l  orkwt,  A,  F» 


GOOD  LOOKING,       Surface  arc 

smooth  aiscl  fn»<t  from  nrt«i^htly  rained 
seainH  or  joints,    No  «f  ifli*iiur«  or 
Blends  well  with  tandem  ifiteri«r«. 


5  TYPES  OF  CAREYDUCT 

Insulated  and  Acoustical  Typt*      UX) 
per    c'i'lif    nHb«»Kt<tM 
duct  and  it 


Key-lock  Type*  Fur  high  fwujii'rMure 
water. 

Single-wall   Type.    For    iuntUug    and 

ventilating  HyHtwiw, 

Reinforced  Corner  Typ«,  Pabriimird 
of  CJart?y  Hrefoil  or  inmituti'd  »h<*af  l\in#t 
An  idftul  dwi  for  lm«m  I  IP  If  IH!  rial  inxtii!* 


Asbest09*c«mitnt  Type*    M»di*  of  ;w 

bf*»lon-ewii«tiit    wultboard    lit    fliffi*rt*nfe 

t hi cknf          Hi /,!*«;  2tl|  in,  ami  «p, 


Insulation  • 


The  Philip  Carey  Mfg.  Company 


Lockland,  Cincinnati  15,  Ohio 

District  Offices  In  All  Principal  Cities 


PRODUCTS 


CAREYCEL  FOR  AIR  DUCTS 

Uses;  A  fireproof,  low  cost,  high  efficiency  asbestos 
board  for  insulating;  ducts  and  all  types  of  air  condition- 
ing equipment. 

Description:  Composed  of  142  to  14  laminations  of  in- 
dented (not  corrugated)  asbestos  felt  per  inch  of  thick- 
WVSB,  Weight:  approximately  1J  Ih  per  board  foot. 
Sheet  Size:  30  in.  x  36  in,,  or  cut  to  order.  Blocks:  6  in, 
x  30  in.  Thickness:  J  in.  up. 


CAREYCEL  FOR  HEATING  SYSTEMS 

Uses:  Pipe  coverings  and  blocks  for  pipes,  boilers, 
ovenH  and  other  apparatun  where  the  temperature  doesn't 
exceed  3(X)  F. 

Description:  Pipe  covering  sectionn  80  in,  long  by  1 
in.  thick,  finished  with  cotton  duck  jacket  and  hands, 

Iflockn:  0  in,  x  30  in.    Sheetn:  30  in.  x  36  in.,  or  cut  to 
order,    ThickneHn:  J  in.  up. 


CAREY  IMPERVO  FOR  COLD  PIPES 

Uses;  A  high  efficiency  iimulalion  for  cold  or  ice  water 
pipes  keepH  the  water  col<!  and  prevents  BW eating, 

Description:  Laminated  insulating  felt  with  water- 
proof liner  and  jacket.  30  in.  long  in  «J  hu,  1  in.,  double 
|  in,  and  double  J  in,  thick  nectionH,  fmwhed  with  cotton 
duck  jaeketHnnd  bun<l«. 


CAREY  PROTECTO  TO  PREVENT 
FREEZING 

Usen:  DenigrHfd  wpecially  to  reduce?  the  (lunger  of 
fmwiiK  of  exj>oH<*d  water  pipes. 

Description:  OonwHfK  of  two  inner  !ay<T«  of  hair  felt, 
a  waterproof  felt  liner  and  an  outer  layer  of  hiHuktmg 
fell  fwool  felt)*  I'V  never**  rowlitioiiH  \im  two- inch 
thic^kiu'HH,  30  in.  lout?  HW.tUmH  with  cotton  duck  ja«kot 
jiiiil  bantlH.  Stnndarti  thiekneHB-  approximately  1J  in* 


Insulation  *  A  r  Ducts 


Grant  Wilson,  Inc. 

141  West  Jackson  Blvd. 
Chicago  4,  Illinois 


ASBESTOS 
PROTECTED 


DUX-SULflTIOn 


Designed  for  efficient  insulation  of  metal 
ducts  in  Heating  Ventilating  and  Air  Con 
ditioning  equipment, 

DUX-SULATION  is  composed  of  fine, 
flexible  fibres  fabricated  into  a  strong  felt 
with  millions  of  dead  airnpaees,  producing  a 
thermal  insulation  efficiency  of  70  per  cent 
(K  Factor  0.27  lUu).  Savon  75  per  cent  of 
hare  duct  heat  I  own. 

A  heavy  awhostos  tnemhrane  i«  woven  in 
to  the  felt  body  below  the  .surface,  giving 
the  protection  of  fireproof  anbe.sfos, 

The  outer  nurfaee  in  heavy  woven  fabric. 
A  high  sound  deadening  surface  "-abHorba 
70  per  cent  of  air  borne  noisen  with  low 
frictional  remstancefF  *  (UXX)KVJ2), 


Complete  Package:  -  A  flexible  insulating 
blankest  ^ithand  1  in,  thick,    Ortiuss  com 
pltkte  with   corner  tape  and   ndhewve   for 
ceinent  ing  on  to  sheet    nietat   duct    work 


Asbestos  Protected  DUX-SULATION  in 


DUX-SULATION  coiner  M  in.  \vid<*  in  a 


roll  containing  10!)  s«j  ft,     Will  not  rot. 
applied  to  round  pipes,  rectangular  ductn     (»hjj>  or  crack, 

or  irregular  surfaces.  It  bends  in  any 
direction,  even  to  very  sharp  and  abrupt 
angles.  The  tape  in  applied  to  Urn  cor-  Sttrfa?e  . !«?!»»'««.  ^ 


ners  and  joints  us  illustrated. 


In*    DUX- 
SULATION  applied  to  Metal  Duct 


DUX-SULATION  is  aim*  applied  to  the 

inside  of  duets,  m  illu8tratodr  for  hip;h 

sound  absorption  efficiency. 

Acoustical  Valuts 

70  Per  Cent  Reduction  in  Loudaeis 
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Insulation  *  c<mdui 


Durant  Insulated  Pipe  Company 


1015  Kunnymedc  Street,  P.  0.  Box  88 
Palo  Alto,  California 


TWAHT  MARK 

R{  ti,  u.  :;.  PAT,  01 1 , 


•i'. 


BLZHE  3£Lj: 


T.  M,  REG.  U,  S.  PAT,  OFF. 

ADVANTACJKS 
Molded    insulation    of    su- 
perior quality 
Completely  waterproof 
Long  term  dependability 
Requires  no  sub-drains 
Electrolysis    and    corrosion 
eliminated 
Lower  field  costs 
Eliminates  field  welding  of 
casing 

Minimum   field    work    and 
trenching 

Needs  no  tile   or  masonry 
protection 

Low    initial    cost    and   low 
maintenance 


DURANT  Pre-Sealed  INSULATED  PIPE 

POSITIVE   PROTECTION    FOR   UNDERGROUND    CONVEYANCE 
OF    STEAM,    HOT   WATER    AND    REFRIGERANTS 

Construction    The   Dl'KVNT  Construction  Principle  is  wimple*  and  HTrctivo,  and 

f  htmx'tndri  of  Jtt>falJnl  ioim  hjive  proved  its  reliability  over  long  term  periods. 
I).  I  I*,  is  (Minstrtirtcd  hy  nwawng  pipe  in  (he  most  cfhYiont  and  dependable  typos 
of  molded  insulation,  This  "m  then  enraHed  in  a  lieavy  layer  of  high-melting-point, 
(ton  fiomtiN  jispluilt,  \\  hirh  in  applied  by  pouring,  when  hot,  into  a  ho«,v,y  gage  nietal 
*\i^iti|s  around  pipe  and  insulation,  Design  and  construction  iiiHiiren  n  1  in.inininium 
;Hf»h;dt  fliirkiHv.H  and  proper  load  hearing  supports  within  the  completed  conduit. 
TIs<*  nnubhtaf i«»n  of  a«phalt  and  sheet  metal  casing  represents  a  completely  water- 
proof"  harrier  which  uill  resist  tnoislure*  acidst  and  alkalis,  as  well  as  rnecluuucal 
*h<«'K>,  tfrouitd  pressure,  and  similar  liaxanln. 

Jon  purposes,  HUflieicnt  bare  pipe  in  left  expoH<*<l  at  each  end  of  D.  I.  P. 
io  permit  connections  in  the  field, 

Installation  Field  operatiotw  For  installing  1).  I.  P.  are  limited  to  placing  pipe 
h'ligth^  in  position,  conneriing  them, and  after  pix'ssure  teHtH,inHulatingan<l  Healing 
the  jowl*,  Ki«*J«l  joint  work  in  relatively  simple.  Materials  are  always  supplied 
In  tfti*  fartori »  idong  with  compl<*t<*  instructions.  The  IM'HAXT  Synlein  is  dice- 
ini'I.v  applied  to  pipe  in  rlts,  teen,  expansion  loops  and  bernln,  short  lengths,  and 
^jii'ri'a!  fitting*'  «f  eafalog  a  \vlde  variety  of  Htandard  factory  Imilt  fittings,  ready 
|oi  inHtaliafion  on  the  job, 

I'ittHjtlt'ti  tjtttiilul  tnfurniHttwi  nut!  cnnxtrnelinri  tlttta  available  ttti  r<(r/;/r«/.     V'A/t 

M  /,  /',  Knyinnriny  tifttff  tnll  he  glatl  to  ww/rr  on   tjtntr  pi  {ting  /jrMrttw. 

Itt'lirtM'nhitiri'N  in  I'rini'ifittt  C'idt'H. 

I*r«:i««w  and  Prwluctit  lire  yrotect^d  by  Registecd  U".  S,  Putonts  and  Patettts  Pending 

4  SIMPLE  STEPS  IN  SEALING  FIELD  JOINTS 

1.  Field  joint  ready  for  inspection,  2, 
Joint  covered  with  standard  pipe  Insula- 
tion* 3,  DURANT  joint  casing  in  place 
ready  for  asphalt*  4*  Asphalt  poured  in 
slot  making  a  positi?e  seal. 


Insulation 


Conduit  and 
Underground 


H.  W.  Porter  &  Co. 

INCORPORATED 


817-G  Frclinghuyscn  Avo.,  Newark  5,  New  Jersey 

Permanent  Protection  and  Insulation  for  Underground  Pipe  Lines 

B  ALT  I  MORE  ,  M  D  .  G  II  A  R  LOTT  IS  ,  N  .  C  .  K  I  <  '  H  M  O  N  I  >  ,  V  A  . 

Also  sold  and  Installed  by  Johns-Manville  Construction  Units  in  all  principal  cities. 


Nine  Outstanding  Therm-O-Tile  Advantages: 

1 — Superior  insulation.    A  permanently  DRY  conduit.     Higher  efficiency. 

2 — Considerably  stronger  than  required  by  A.ti.T.M,    Arched  construction, 
footing  foundation. 

3— Longer  life.    The  initial  grade  is  maintained  PMRMAXKXTLY. 

4-— Positive  sealing 
throughout.  No  leak- 
ago, 

5— The  concrete  '  Hide- 
walk"  inakoH  inntal- 
hition  earner. 

6— -No  condensation  pock- 
ets at  any  time. 

7~~ Highest  economy. 

8— Backed  by  experi- 
enced engineering. 

9--Tha  first  cost  is  (,K)M- 

PBTJTIVK,  and,  the  ul  ^  .,  /  A    , 

timate  cost,  in  LOWER.  ^  /«v<w«   »f  tto  >***i*t»m 


Spread- 


THERM-O-TILE 

STEAM 
CONDUIT  SYSTEMS 

"Everlasting"— Now  that  Thenn«O~ 
Tile  has  been  on  the  market  so  many 
years,  and  its  design  in  BO  well  known  by 
ail  leading  heating  and  ventilating  en- 
gineers, we  wish  again  to  emphasize  the 
importance  of  "Permanent  protection," 
It  is  not  difficult  to  provide  TEMPO- 
RARY protection  and  intmlalion  For 
underground  pipe  lines.  Threadw  and 
joints  don't  fail  immediately.  Founda- 
tions don't  «ag  immediately.  Hut  un- 
less the  job  is  properly  done  in  the  first 
place  it  won't  bo  long  before  water  «ccp« 
in  and  ruins  the  insulation.  80,  be  <*ar<» 
ful.  With  wet  and  ruined  insulation, 
efficiency  drops  drastically.  And  unleHK 
the  conduit  IH  built  on  a  truly  .solid 
foundation  there  will  be  Magging  and 
collection  of  water  in  pockets* 

Always  Well  Drained—In  th<%  Therm- 
0-Tile  concrete  bane  there  in  a  drain- 
age channel"- -clearly  visible  in  the 
photograph- which  carrier  off  all  water 

Single  or  Mul- 
tiple Pipe  Lim*B 
Using  S<»rti(>nj*l 
Pipe  IitHulation. 

Mhftwinff  «  tupiftti 
Therm  O'TUtt  pip 

when  there  are  tow 
pipe  linm,  Mrf*  thr. 
channel  drain  vAiM 
"pwavtnwtly  m  pro* 
t($(*tn*'  tfai  s" 


(hut  may  <*nti*i'  tin*  t*omluit  from  any 
.source,  iherebv  keeping  th<*  insntation 
PKRMAXMNf  LY  dry.  Driiinagc  M  HV 
tirely  iitlenuiL  ()p«»n  t«*  fhorotigft  in 
HpeKion  at  any  titn«»  at  titanhitlt^, 
Amply  liirgi*  to  lieep  flu*  j>ip«*  HJ»;M*«'  dry 
at  all  f  im<»H. 

"Spread  ^  Footing**  Foundation  11i<» 
Th(*nn-O-TiIt«  MSpn*a«l  Footing*'  fuumia- 
tion  ba,s<»  in  a  thick  rt«irn»fr  slab  |»«tin*d 
directly  in  the*  trvnrh  tn»tt«»w. 


( 
The  original  ronwf  «loj»t*  iw   l*K!f\IA 

NKXTLY  niaifit;iji}<*il  ,«j  that  f<t#ftfif*iwnff* 
or  otlu*r  |HH*ki»ls  eufifurf  form,  Stwl 
n»inforc<»(l  or  pliic^nl  on  pil«*.s  \vlu*n  in- 
«tiill(*«l  over  filled  or  boggy  ground  to  itt» 
wxre  PKHMANKNT  protWtion, 

Other  Details  In  pr<*vifHw  iwues  of 
thin  CtTIDK  we  gave  *!«*iail«  regarding 
tlu*  Tile  Kiiv**!»|ii»  which  pr<Hlit*i*i^  27 
difTerent  condiiifcrfifWfi  wpti**iirt,  W*t  fold 
about  the  ideal  itemwibtltty  of  thin  eon- 
duit,  itH  great  HfnniKth,  how  tt  irtwnter- 
proof«»dt  anti  #<»  on.  For  complef  i*  lufur 
iniitiou  a^k  for  a  flopy  of  HuIUftiu  JIHI, 

Cost  is  Competltivf*  l)i*Mj»iie  thi*  hi^Ii 
en*icif*»ey>  greater  Htreugth,  defwiidsibil* 
ity,  and  otiwr  featitiyH  thai  are  «4itfdrii'»l 
in  TIienu-O-Tile,  II  w  ftHVWtfifliw  rojn- 
|>f*tittv(*  in  t<jfal  fiwt  nmf,  Kitiii! 
m  wueh  I«***H,  tiuutkx  l<*  its 

Experienced  Engmeera    <  >ur  w 
hav«  hud 
«igiil»g  mid 
ec|iilpii«*iit  f«»r  nearly  every 


J3S4 


«  Conduit  and 
•  Underground 


The  RIc-wiL  Company 

INSULATED  PIPE  CONDUIT  SYSTEMS 
Union  Commerce  Bldg.,  Cleveland,  Ohio  •  Agents  in  Principal  Cities 


There  i.saHi('"\viLinmilatc<lcu)iuluiisystom(>ngiiHuTcd  to  your  specific 
needs  -the  transmission  of  steam,  hot  water,  oil,  hot  or  "refrigerated 
process  liquids  -providing  heat  transfer  with  the  lowest  possible  loss. 


1.  Ric-wiL  Hel-cor  Insulated  Pipe  Units 

Prefabricated  complete  units  with  one  or  more  pipes  —  in 
any  specified  combination—  in  helical  corrugated  conduit, 
coated  and  wrapped  with  asphalt  saturated  asbestos  felt. 
21  -ft  lengths  for  easy  installation.  Insulation  is  applied 
to  any  or  all  pipes  in  any  thickness  specified, 

2.  Ric-wlL  Cast  Iron  Insulated  Pipe  Units 
Completely  factory  prefabricated,  with  pipe  and  insu- 
lation, an  specified,  housed  in  cast,  iron  conduit  of  great 
structural  strength,  high  corrosion   resistance.     LS,1/^  ft 
long  units  are  easily  connected  in  field  with  solid  sleeve, 
.standard  mechanical  or  Hanged  joint. 

3.  Rlc-wiL  Foilclad  Insulated  Pipe  Units 

Pipe  and  insulation  are  protected  and  waterproofed  by  a 
double  coating  of  machine-applied,  high  temperature 
asphalt.  Unit  in  then  wrapped  with  asbestos  felt  and 
covered  with  a  final  spiral  wrapping  of  copper  or  alu- 
minum foil  for  maximum  insulation  and  protection. 

4.  Ric-wlL  Standard  Tile  Conduit  -Type  F 

Vitrified  glazed  A.tf.TM.  Standard  Tile  Housing-—  add 
and  waterproof  with  foundation  type  bane  drain  sup- 
porting weight  of  piping  through  correctly  engineered 

pipe  supports,  Positive  locked-in-placc.  eemcnt  seals  on 
sides  and  encfe,  For  single  or  multiple  pipes, 

5.  RiowlL  Super  Tile  Conduit-  -Type  F 

Kamc  advantages  HK  Standard  Tile  but  with  walls  ap- 
proximately double  thick  for  strength  under  heavy  traffic 
or  where  overhead  load  in  above  normal.  Will  support 
oncentrated  static  load  of  f»  tons  jjer  wheel  under  actual 
conditions.  Base  drain  of  extra-heavy  tile* 


6*  Ric-wlL  Cast  Iron  Conduit  Type  F 
Heavy  reinforced  cant  iron  conduit  for  u>se,  where  under- 
ground pipe  lines  run  close  to  or  under  railroad  tracks. 
Durable,  water-tight  and  vibration-proof.  Positive 
loc'ked-in  -place  cement  ^eiiln  on  Hides  and  ends  with 
metal  clamjiH  for  extra  tight  mm 

7.  Mc-wlL  Tile  Conduit  -Universal  Type 
Where  wHtalhUion  conditions  dictate  Urn  UHCJ  of  a  eon- 
crrttt  pad  Rtc-wiL  Uni  verbal  Tile  Is  rec,<»amend<«l,    Hicltt 
wnlln  ant  doublc-ec!!!  vitrifietl  trape/,t>idal  block  design  , 
Arch  may  tw  Htandani  Tile,  Hu  per  -Tile,  or  (?awt  Iron. 


f«  are  avnilrtlilf  in  all  type  syHtwiw;  wtundard  an<l  Hpcftia!  iittirig«, 
fabricated  w  fidcl  fitbrkmted  oxpftitnioit  d«vic«w,  Alignment  guides,  and 

.    Difurr ipii vit  bulletlm  on  rrcjucnt.    Write ;  The  KiowfL  Co*f  Dept.  27, 
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Insulation  •  oiass  stocks 


American  Structural   Products  Company 

Toledo   1,  Ohio 

Subsidiary  of  Owens-Illinois  Glass  Company 

INSULUX 

Gloss  Block 


Insulux  Glass  Block  Give  Better 
Control  of  Interior  Conditions 

Insulux  Glass  Block  are  hollow,  par- 
tially evacuated  units,  3J  in.  thick. 
Faces  are  smooth  or  ribbed .  Solid  panels 
of  these  block,  laid  in  mortar,  make  a 
light-transmitting  wall  of  high  insulating 
value.  Their  proper  use  aids  control  of 
interior  conditions  to  a  point  whcro  ini- 
tial and  operating  costs  of  heating  or  cool- 
ing equipment  are  reduced. 


Conductivity 

Tho  (/  factor  for  ribbed  ^lass  block 
panels  in  0,40;  smooth  facu  block  panels, 
OAil  'Him*  factofB  may  be,  unwl  as  con 
Htant  for  (jiUior  ft  in,,  8  in.  or  12  in.  block. 
Hoc  Chapter  i)  of  thin  volume!  for  addi- 
tional data. 

This  U  factor  in  only  43  per  wmt  of  that 
of  ordinary  lipjht-trariBmittmp;  materials. 
The  reason  lies  in  the  two  heavy  glass 
surfaces  separated  by  partially  evacu- 
ated and  hermetically  Healed  \kacl  air 
apace, 

i: 


Surface  Condensation 

Heeause  of  the  low  over  all  air  -to  air 
heat  transfer,  the,  room  eondensation 
point  of  a  glass  block  panel  is  much  lower 
than  that  of  ordinary  windows.  Thin 
will  permit  higher  humidities  for  both 
comfort  air  conditioning  and  in  indus- 
tries where  high  humidity  in  part  of  the 
process.  Glass  block  arc*  not  subject  to 
deterioration  caused  by  moisture, 

Infiltration 

luHulux  Glass  Block  an*  Healed  in  the 
building.  They  form  a  barrier  against 
infiltration  of  du«t,  air  aiui  vapor. 
Winter  drafts  and  summer  vapor  leakage 
are  cut.  Natural  ventilation  require- 
ments can  Ix»  met  by  insinuation  of  win- 
dows either  inset  in  the  panels  or 
installed  directly  below  tin*  panels, 

Solar  Heat  Gain 

A  comparative  test  Blmwwl  !H  j«*r  n*nf 
more  Molar  bejit  through  sfrt'l  sash  than 
through  ftlass  block,  However,  with 
sash,  ({lass  block  transmit  1«4KH  solar  tieat 
when  properly  oriented  and  shaded, 
Data  in  Table  iil»  Owi»ter  1U.  i»f  this 
(ltn>M  are  for  K**»f*^;$l  ptttpmr  blurk, 
Other  designs,  surh  ?w  tin*  No  «;lare  and 
Directional  Murk,  afford  further  rrdue 
lion,  Daia  will  be  sent  on  request, 

Design,  Sizes,  Erection 

<  JlaSH 


n 


ni; 

flir. 

or Indu« t  rin! 


7|  in,  ,\  7J  in* 
and  !IJ  in.  x 
111  in.  All  tint 
3?  in.  think* 
B!o<>k»  ur« 
eri*t*tf»d  by  lay- 
iiig  in  nil »r tar 
Hk<i  any  wuiwmry 
technical  tlnttitti 


Til  Iw  l/»tt 


Insulation 


American  3  Way-Luxfer  Prism  Co. 


<\:\\  S.  Dearborn  St., 
Chicago-5,  111. 


20-20  Jackson  Avc., 

Long    Island    City, 

N.  Y. 


AMERICAN  GLASS  BLOCK  SKYLIGHTS 

Light-Up— the  AMERICAN  Way! 


American  3  -Way  Rooflights  make  use  of  (ilass  Blocks  of  special  design  and  strength, 
manufactured  by  the  proven  process,  incorporating  designs  on  in  ner  surfaces  of  plains, 
resulting  in  uniform  even  li^ht  distribution  over  wide  areas,  leaving  top  and  bottom 
.surfaces  smooth  for  easy  cleaning, 

I  *lass  Hloeks  are  U  in.  x  U  in,  x  42'  i  in.  and  spaced  approximately  10s  6  in.  on  confers. 

Low  Heat  Transfer 

Tests  eondueted  by  me!  bods  suggested 
by  the  A.  S.  II,  Y,K."  Conductivity  Test 
<{nde  j-diow  that  Glass  Block  Hoollights 
have  about  two  and  one-half  times  the 
insulating  value  of  .sheet-  metal  skylights 
uifh  no  heat  losses  by  "escape/'  sinee 
the  iMtnst  ruction  is  air  tight, 


Re 


Solar  Heat  Transmission 

duction  in  total  solar  jteat,  gnjn_ns 
itretl  \\i\\\,  ordinary  windows  is  in- 

tl    by    r«*hitive    values    given    in 
Tttb!*»  21  niiil  Tabled  in  Chapter  12, 


Triple  Plates  of 

Diffusing  Glass  units  may 


in*  aJfji*jh»*«l  <*» 


widit  of 


llms  ittitkinK  f*»r 
tiin*UMi«»niinu  evrn 


block 


Uon;  tilU*»  very 


iSV<'/»»«i  <rf  Amerirnn  (flas«  Muck 
tthwriny  Mrthml  «/  JHttrk 

Insulated  Construction 

Construction  of  rigid  reinforced  con- 
crete grids  can  be  arranged  with  insula- 
tion materials  sufficient  to  approxi- 
mately equal  the  performance  of  the 
glass  MOCKS. 

Condensation 

Due  Jo  the  nature  of  l.he  grid  cou- 
nt ruction  where  insulation  materials  are 
employed  with  H<*mi»ya<»uum  glass  blocks 
HHHeiublies  there  in  little  or  no  tendency 
for  condensation  to  form  on  the  under 
side,  Should  relative  high  humidities 
or  abnormal  conditions  exist,  further 
iimulation  treatment  can  be  provided. 

Glass  Block  Assemblies  for  all  on- 
vertical  iUTangeimmts  are  available. 
Detail*  will  be  ftinnnhed  on  request  , 

3-Way  Glass  Block  Skylights  may  also 

e  ftirnLnhed  without  «pec»d  insulation 
in  r«finforced  <*oncrete 


Write  for  Complete  Information 
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Insulation  •  Glass 


PITTSBURGH 


CORNING 


Pittsburgh  Corning  Corporation 

Room  L-00,  307  Fourth   Avenue  Pittsburgh  22,  Pa. 

PC  FOAMGLAS  INSULATION 


T/n'tf  /nV/j/rf  uluniw  htnr  /*(' 
Foamtftfw  in  applied  M  ?'«<)/«, 
7*Ar  /'\MiMf//««  *'«  mopped  to  (tie 
nwfdwk,  mid  the  specified  num- 
ber of  pi  ten  of  roofing  felt  ure 
built  up  on  the  firm  bane  provided 
by  the  biy,  nolid  block®. 


rnwr  floor,  pi'trenta*  hmt  tMinl 
In  tint}  /rttin  n  rootn*  //  A*7/>.''  /t^ 
i'mitrut  tetnpenttut'e  find  mint 
tnisen  cotitlenxttfioH*  Stmmj  Uh<( 
n'»;iV/,  IT  Foumtfln,*  nill  Hitppoit 
/iptwirr  thnn  normal  flwtr  Intnl. , 


In  >  nu'  ;<>j,\',,  |*f  *  /'»»m  ^  I  i  vj  jfi 

/IIMJM      ??,',     M'-»(      «.*|,;^      «    fcfrf       /,!»,/ 

lte(»,,<f.     Vf.f,     *»%„     W,,,*,  ,     .JHI/ 
JWlMf   M'^.f"'    *i?l>f     *tf'  'nj.  f  If,  |  4tti| 

,'*!*   JK'/         /?      /H1M*1'       'J        jf«*"  S^!  »,!*"»*. * 

«•««;»*<[  ^(r.i'iit 


inics.  It  w  widely  u.-*1'!  *»si  t!t»fu;«ts'bl 
cf|uipmcn!^  a-M  \\i*ll  as  in  wall.-;,  »»n  t'oof^. 
lloorn  and  reiiing,^,  A-^  j»i|>«*  insulation. 
PC  Konmglas  can  !«'  nsed  f«»  iiiMilaft* 
both  hot  anti  cold  pi)>ittK»  in»lot»i>  ;iii»I 
otltdooi'M, 


free   hook)<*ts,  ' 

want  to  kn*m  , 


When  installed  according  to  our  spcc- 
for    rocommcinded     applica- 
;*('  Foamglas  n^talns  its  original 
;  efficiency  permanently. 

A  true  glass,  PC  Koamghis  i,s  moisture- 
proof,  (ircsproof,  verminproof,  It  is  rc- 
mstant  to  fumes,  acid  atmospheres,  va 

pom  and  other  elements  that  HO  often  make  sure  that  >oti  havi 
cause  deterioration  of  other  insulating  ,  fonnation  on  PC*  FojimKl:« 
materials, 

The*  entire  strong,  rigid  block  is  com*  , 
posed  of  millions  of  wealed  glass  bubbles, 
They  form  a  continuous  structure,  HO  no 
air,  moisturo,  vapor  or  fumes  can  get  into 
or  through  the  Foanighis  block,  In  those 
closed  glass  Veils,  which  contain  still  air, 
HOH  the  socrct  of  tlie  tnafcriaPs  perma- 
nottfc  insulating  efficiency. 

1*0  FoamgluH  luw  proved  its  ability 
to  help  maintain  dewircd  temperature 
levels  and  to  nmtimbc  condensation, 
without  maintenaiute,  repairs  or  replace- 
mentn  renulting  in  worthwhile  econo-  | 


When  you  in$ulat€  with  PC  Poamglas  you  insulate 

mm 


fl»»  l;iti»;«*t  in, 
mgi;^',  S*»n»l  tor  our 
fi*ll   \»»u    «!i;il    you 


Insulation  *  G-lass  Blocks 


Pittsburgh  Corning  Corporation 

Room  L-09,  307  Fourth  Avenue,  Pittsburgh  22,  Pa. 
PC  GLASS  BLOCKS 

Distribution    through  Pittsburgh  Plate   Glass  Company  Warehouses  in  principal  cities  and 

fry  r/u-  ttf.  /*,  Fuller  Company  on  the  Pacific  Coast  and  by  Hobbs  Glass  Ltd.  in  Canada. 

Also  makers  of  PC  Foarnglas  Insulation. 


CORNG 


[pi  Glass  Blocks  allow  the  economical 
rCj  UKt*  °1'  large  glass  lighting  areas,  re- 
L™J  <|un,  heat  losj^  in  cold  weather  and 
materially  aid  air  conditioning.  This  is 
because  each  PC-  (Hans  Block  contains  a 
si'alnl  in  dead  air  space  that*  i»s  an  effee- 
tiv»«  retardant  to  heat  transfer. 

Thermal  Insulation 

Tests  run  by  nationally  recognized  lab- 
nr.tturie.s  luive  established  the  value  of 
Klass  M«»eks  for  instilatinn  of  light- 
transmitting  areas.  These  tests  have 
iunvi*d  that  with  glass  block  panels, 
lien!  loss  i.s  slight  ly  less  than  half  that 
experienced  with  .single  glazed  windows. 
F»»r  complete  data  on  heat  transfer 
\alues  nee  the  section  on  heat  transfer 
i"lwH\  here  in  this  Ouide  page  IIH5. 

Surface  Condensation 

I  hie  to  high  iwwlating  value,  condenHa» 
finis  \\ill  not  start  forming  on  the  room 

M»ir  »'f  glnn«  l»tock  paneln  until  tmtnide, 
:i$r  I»:i^  renrhed  a  temperature  much 

ln\vf'f  thun  that   neee«Hary  to     roduce 


aee<iinpaiiyiiig  chart  nhown  at  what 
f«'nif  uren    rnntien«afion    will    form, 


s 

**.£,*« 


f  #**w|imif  iP'fi  m/Mir*w  tit  |j»w<iwr<r 

m  !**,  with  ffwidk  air  at  7ff  F  awl 
humidity  at  40  per  cent,  wii- 
liftiHatmii  will  not  begin  to  form  on  Uw 
!i»ft*riw  ttwrfftw*  of  ft  ftlaHM  Mw»k  panel 
until  ?ifi  outdoor  temperature  of  inhiUH 
II  lirfl  «  rww'hwl,  HttiliT  ifimilnr  comli- 

moisture 


will  begin  to  form  when  the  outdoor 
temperature  reaches  33° F. 

Solar  Heat  Gain 

The  use  of  glass  blocks  for  light-trans- 
mitting areas  results  in  a  marked  reduc- 
tion in  total  solar  heat  gain  as  compared 
with  ordinary  windows.  This  factor  us  of 
considerable  advantage  in  buildings 
that  are  properly  air-cowlitionod,  but 
dotks  not  eliminate  the  need  for  adequate 
ventilation  or  shading  in  non-air-condi- 
tioned rooms. 

For  data  on  solar  heat  gain  through  glass 
blocks  nee  table  21  in  the  solar  radiation 
section  of  this  Guide— chapter  12.  Thin 
table  is  for  standard  pattern  gla«s  blocks. 

PC  Glass  Blocks  Aid 
Air-Conditioning 

Two  of  the  chief  aims  of  air-conditioning 
*  'temperature  control  and  cleaiiBing  of 
air  are  aided  by  the  UHC  of  PC  (UasH 

Blocks.  Heat  IOHB  in  lenn  in  winter— heat 
gain  in  leas  in  summer.  Ideal  conditions 
are  much  more  easily  maintained  without 
undue  condensation.  Kolar  heat  trans- 
iniwmm  and  radiation  are  reduced. 
Neither  dirt  nor  drafts  can  filter  in,  for 
each  panel  in  a  tightly  sealed  unit. 

Sizes  and  Shapes  Available 

t       n       PC  Glass  Blocks  are 

»   available  in  deeor- 
i  ativeand  functional 
1    patterns    the  latter 
designed  for  special 
control   &nd   direc- 
tion of  transmitted 
daylight.    For  com- 
plete     information 
on    the    HIBPS    and 
HhapeH  of  PC!  ChiBH 

Blocks,  arid  for  illustrations  of  the  many 
IK  avaihibl(%  write  the  Pittsburgh 
K< Corporation,  Pittwburtfh,  Pa, 


f 

1 4 

'i 


Additional  technical  data>  including  do- 
tailed  %ure«  on  thermal  iriHuiation,  nolar 
h<*at  gain,  mirface  conden«ationf  light 
tmmmimim  and  con«tructio«  data,  will 
bo  furnmhttd  on  request. 


Hist! 


Insulation  .£!ansdsows 


Libbey  •  Owens  •  Ford  Glass  Company 

Room  1038  HVA,  Nicholas  Building,  Toledo  3,  Ohio 


Thermopane  is  made  in  more  than  70 
standard  sixes,  all  of  which  can  be  used 
vertically  or  horizontally. 

Thermopane  Reduces  the  coefficient 
of  heat  transmission;  increases  the  room- 
aide  surface  temperature,  thus  promoting 
radiant  comfort  and  lowering  the  dew 
point;  furnishes  a  control  of  light  quan- 
tity and  quality  through  combinations  of 
various  types  of  glass,  and  deadens  sound 
transmission  to  some  degree. 

Double-glass  Thermopane:  Glazing 
of  wood  or  metal  windows,  doors  and 
window  walls  for  practically  any  purpose 
in  structures  requiring  heating  or  air 
conditioning. 

Triple~gla$$  Thermopane:  Large  sta- 
tionary units  such  us  insulated  glass  walls 
in  homes,  apartments,  public  and 
commercial  buildings  and  in  show 
windows  for  refrigerated  display  where 
temperature  differential  must  be,  con- 
Hidcred. 

Quadruple-glass  Thermopane;  Engi- 
neered to  meet  low  temperature  and  high 
humidity  conditions, 

Tests  Indicate  that    Double  Thermo 
pane,  consisting  of  two  lights  of  lj  in. 
plate  glass,  will  reduce  I  ransmi.ssmn  of 
common  sounds   approximately    II    per 
cent. 

Thermopane  Units  provide  a  high 
resistance  to  heat  (lo\vt  varying  with  the 
number  of  panes  and  the  thickness  of  the 
air  space  used.  In  summer  the  low  heat 
transmission  coefficient  reduces  the  load 
on  air  conditioning  syfi terns.  In  winter 
it  saves  heat.  The  greater  efficiency  of 
Thermopane  makes  it  possible,  to  incor« 
porate  larger  windows  in  houseH  and 
keep  the  cost  of  fuel  constant.  For 
example,  a  house  could  have.  115  nq  ft  of 
Thermopane  instead  of  58  HCJ  ft  of  single 
glassing  and  not  low*  any  more  heat. 
Thermopane  permit  H  the  influx  of  nolar 
heat  in  exterior  ghw/wg  of  buihlingH  with* 
out  a  prohibitive  compensating  loss 
from  conduction. 


THERMOPANE* 
Insulating  Glass 

L-O-F    Thermopane    is    a    transparent 

factory-fabricated  insulating  glass  unit 

composed  of  two  or  more  panes  of  gla.ss 

separated  by  J.f  in.  or,1  2 in.  of  dehydrated 

captive  air,  hermetically  sealed  at  the 

edges  in  the  factory  with  a  metal -to-glass 

bond.  •— 

The  over-all  heat  transmission  coef- 
ficient tr  varies  with  the  ranges  of  tem- 
perature at  which  the  coefficient  is  deter- 
mined. For  most  practical  heat  loss 
calculations  coefficient  t '  is  the  value  dc 
termined  at  10  outside  temperature, 
70"  inside  temperature,  15  niph  outside 
air  velocity,  0,2.5  mph  ;j\i*niige  inside  air 
velocity.  The  following  tnltle  give^Mteh 
f"  values  from  actual  tests  \\ifh  u?.'W 


.sixes  3(1  in,  \  I 


Numlrr  «t!  Panes 


tilav; 


Air  >l»» 


i  flliwa 


Xottr 


1.10 


Dmihlr* 


Tli«»rtm»- 

^nu*     air 


Triplr* 

(two  uir  H|»at(*«*'Hi 


,47 


The  Eoom-Slde  Surface  Temperature 


Keg,  U.  H.  OH   Fat, 


than   that   of 

radintorn  or  retftMf  en*  are  n*%mr 

In  htiildin^H  to  oflwt  r«»»d«rfrt!  heat  l*m« 

from  a  ruom  aiid  radiant  !<»HH  from  the 

Imdies  of  per.smiH  near  *^»ld  #Ias.H  areas, 

Hie  higher  ^)aKH  wirfae**  tnnj»*raf  un*  of 

rritenuopaite  jajrently  n»*lm*iv4  the  anttmiti 

of  heat  which  nnwf,  1m  «i|i}»I$<'d,  permit' 

ting   more   flexibility    in   rM«»m    ttr^ign. 

Another  Important  Bcaetit  from  Ther- 
tno|mne  IN  the  prevent  itm  <»f  i'rn?*f  or 
coiideiiKitticfii  froH^fortititig  on  tin*  rnoiit- 
Hide*  Kttrfurtt  of  a  «iugk*  jiaiM-  of  glaw*  in 
winter  (Iti«*  to  liiglitT  rooitt  tmitiidity, 
The  ahsi*nce  of  ("oficit'tHittiot!  *»it  the 
room  side  Hurftu*e  of  glasn  w  **f  ronj*i<h*r  •• 
abl««  importniint  where  rl**af  vtNihility  in 
a  factor  an  in  r«*«idi*iii?**?i,  »il  ty|w*w  of 
commercial  or  indiwlrliil  t»iiiii!iiig«  ant! 
ri'frigr  rated  il 


Ask  for  twhmral  data  ^hi*i*l>»  prrparetJ 
by  Hon  (Jnif,  a  ^ncrai  ttookh't  al«mf  the 
prodiH'f  ,  and  a  I»r«*ehtir*'  whirh  *li^riH,«<*w 
Solar  Housing, 
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Armstrong  Cork  Company 

Building  Materials  Division 


Lancaster 


Pennsylvania 


Ar.n  \\y 
ATL\N  r  v 

H  U.mmK 


f  INN  ATI 


COMTMHUH 

I)  ALLAH 

DKNVKU 
DKTWUT 
HAKVFOIU> 


Offices 

HOUSTON 
INDIANAPOLIH 
JACKHONVILLK 
KANHAH  Grnr 
Los  ANGKLKS 
Louts  VILLK 

M  KMl'IIXB 


MILWAUKEE 

MtNNlOAPOLIB 

NEW  ORLEANS 
NEW  YOKE 
OMAHA 


('u\iuj:<rM 

K\r  f  LMU 
Kt,  PN-«nt  T 
Foitr  \\  \v 

C  »UAM>  It  AT 


\  i!Il,  \V, 
»H  Win.. 
«  X\H  (  ' 
\t-,  INH. 

T'Hm,  Mir 


Joi'HN,  Mo 
Ln'ru  UtM' 
M  AMtaWiM 


. 

K,  A«K. 

,  \Virt. 


PROVIDENCE 

RICHMOND 

ROCHESTER 

ST.  Louis 

SALT  LAKK  Crry 

SAN  FHANPIHCO 

TULHA 

WASHINGTON,  D.  (<, 
Distributors 

VA,.. Oa;utnl  City  Supply  Co.       PORTLAND  4,  ORB Asbewton  Supply  Co. of  Oregon 

SAN  ANTONIO,  TEX...  .General  Supply  Co,,  Inc. 
SEATTLE  4,  WASH.  ,  .Asbestos  Supply  Co.  of  Seattle 
SOUTH  BKND  28,  IND Midland  Engineering  Co. 

SPOKANK  12,  WASH. 

Asbestos  Supply  Co.  of  Spokane 

SPUINOFIRLD,  Mo Southwestern  Insulation  Co. 

TACOMA  2,  WAHII — AsbeHtow  Supply  Co,  of  Tacoma 


..  . 

-c  Industrial  Sorviw  Company 
Midland    KtiKmot>rinft  Co, 

n 

Tony  Bntwiburjj;  insulation  Co, 
Laco  Hoofing  jfc  Anht^tOH  Co. 
Joplin  (  Vriiont  Co, 
Fiwher  Cement  <fe  Hoofing  Co. 

x^ttOHaml  C'ork  TiiMuktion  Co. 


Armstrong's  Contract  Service 
Anns!  rung's  (  Nut!  met  Service*  provides 
trainotl  <*n^in«Hkrst  .KtipfM'visorH,  ntul  in- 
stallation cn»ws  that  an*  thoroughly  ex- 
j)«*ri<*n<MMl  in  I  hi*  applirnf  io»  of  hot  h  hif^li  • 
iiisd  low  temperature  instilations  to 
»lt»et**,  ptpiufc,  ami  equipment.  Backed 
l>\  more  I  him  40  years  of  service  in  the 
iriMitafirirt  field,  thus  nation-wide  organi- 
/,aliofi  will  sr»e  that  your  joh  is  tlont1 
right  from  start  to  finish.  Your  nearest 
ArnMronj;  oflire  will  furnish  prompt 
I'Miwatt'rt  and  terhnieal  assist  anee  with 


out  ohl 

The 
for  in.-t 
Servin4 


following  products  are  available 

allatiim  by  AnnntnmgVj  Contract 
,  or  for  your  own  application  : 

Armstrong's  Corkboard 
Annnt  r»»ng\s  ( *orkboar<i  is  t  he  Hi  amlard 
Jitw  temperature  insulat  ion,  Properly  ap- 
plied iu  duets  and  other  air  rondi tinning 
a-pparatUH,  if   will  greatly  improve  the 
over  nil  thermal  efficiency  and  ilu*  opt* 
rating  rh»rat't<'ri«f !(»,•*  <»f  t!i«k  syHtotu,    It 
«.  HI  al?«»  pr**v<*nf  moist un«  (*on<l<»nH,"ition 
unit  f'o!i34t*«|iif*nf  drip  fn»r«  air  Condition 
ittfj  flui'tH  uuti  i»i|itip!u«*nt  «urfari*s, 

l*h«*  i*\rrptioii:il  (noistun*  n'Mirttuncf 
and  dtinitnlily  of  Arnwf  rott^VC  Corkboard 
»wM«r<*  Sa-Hllji^  inHulatiiiK  <»Hin«»nt»y, 
Strong  iittd  li^ht  in  weight,  thi«  material 
irt  f via \  1*1  liaudli' i»n  {lsi*joli»  It  m  readily 
rut  ;ii»d  worked  \\ith  ordinary  tools  and 
ftctv  I«»  hihnpwi  to  fit  rfirved  KUrfiiceK, 
ft  (trnvides  a  firm  bond  with  ail  ronven 

Sp**eifirjifioit    HIIC"5f»lb,   Sixes:   SO  in, 

IOIIK;  Ili  in,»  IK  in>«  *J1  tu,«  and  3I»  in,  wide; 

!et«»f  c|»*t;ul*^l  tUNfhtiirftl  iufonuHtiMt},  **a»tpl**'4,  ami  • 


1  in,,  1J  in.,  2  in.,  3  in.,  4  in,  and  fi  in 
thick.  f<  fiiclor:  0.27. 

Armstrong's  Cork  Covering 
AnnstronKV  Cork  Covering  haw  ih<k 
sanu*  high  insulating  oflioicney  and  gen- 
(U'ul  characteristics  us  Armstrong's  C-ork- 
bourd,  The  use  <;f  Armstrong'H  Cork 
Covering  on  cold  linos  prevents  from  SO 
to  more  than  90  per  cent  of  the  refrigera- 
tion loss  occurring  when  lines  are  left 
uninsulated.  Pipe  and  fitting  covers  are 
machined  to  accurate  wisse  and  finished 
with  a  heavy  mastic  coaling  which  pro- 
vides a  seal  against  air  ami  moisture 
penetration.  Pij>e  covering  is  made  iu 
!W  iu.  half-sections  to  fit.  all  standard 
pipes  and  tubes  from  i  in.  o.d.  tip,  Fit- 
ting covers  are  made  for  all  si/,es  of 
valves,  elbows,  tees,  and  othor  fittings, 
Covers  for  special  nixes  and  shapes  nuide 
to  specification  on  request.  Three  thick- 
//r.w.H."  Light  Duty  Thickness  (1,2  in.  to 
l.'JH  in. i  for  temperatures  from  H5K  up; 
Standard  Thickness  ( 1 .7  in,  to  110  in.)  for 
tempeniturew  from  (IK.  to  3f>'K;  Heavy 
Duty  ThieknesH  (2,(l'i  in.  to  10  in.)  for 
temperatures  from  ••"!#)  K  to  OF, 

Heat  Insulations 

In  most  areas,  Armstrong  IK  the  sole 
distributor  <>f  Keusbey  tir  Matti,son\s 
complete  line  of  heat  insulations.  TheHe 
material*  are  available  for  direct  Hale 
or  UH  inntnlled  by  ArniHirong\H  Contrnct 
Service.  They  include  S5  per  rent  nuig 
nesia  blo«k  and  pipe  covering,  air  cell 
block,  sheet ,  an<l  pipe  covering,  high 
lent|M*niture  bloek  nnd  pipe  covi*ring, 
wool  felt,  hnir  felt,  etc,  All  are  availnble 
in  Htitudard  six(*s  und  thiekm*sses. 
r¥*ri|>ttvtt  litwiittiw,  it»k  any  *ifFu*«  hf  di«tfiiHit*<ir, 
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Mundet  Cork  Corporation 

7105  Tonnelle  Ave.  INSULATION  DIVISION  North  Bergen,  N.  J. 

Manufacturers  of  Corkboard,  Cork  Pipe  Covering,  Compressed  Machinery  Isolation  Cork, 

Natural  Cork  Isolation  Mats,  and  all  kinds  and  varieties  of  Cork  Specialties, 

also  85  per  cent  Magnesia  Insulation  in  pipe  covering  &  block  form. 

Complete  Insulation  Services  for  High  and  Low  Temperature. 
Mundet  Branches 

ATLANTA,  GA.  CINCINNATI  2,  Onto       INDIANAPOHH,  INI>.  NKW  ORLKAN.H  10,  LA. 

BOSTON  (No.  CAMKKIDOK)  40     DALLAH  10,  TKJC.  JACKSONVILLE  15,  FLA.          PHILADELPHIA  39,  PA. 

CHARLOTTE,  N.C.  DKTUOIT  21,  Mini,        KANSAS  CITY  7,  Mo.  ST.  Lons  4.  Mo, 

CHICAGO  16,  ILL.  HOUSTON  1,  TKX.         Lo.s  ANUKLKH  (M»ywoo<n    SANKKANVisroT,  CALIF. 

Mundet  Distributors  are  Located  in  the  Following  Cities— NUIUOR  uiul  Addmsstvs  on  Hoqncst 

ARIZONA        PHOENIX,  TUCSON    MONTANA 
COLORADO  DENVKU    OHIO 

CONNECTICUT          HAHTFOHD    OKLAHOMA 
D.  C.  WASHINGTON    ORKGON 

IOWA  AMANA    RHODE  ISLAND     PUOVIDKNCK 

MINNESOTA  MINNKAI-OLIH    SOUTH  DAKOTA      HHOOKINUH 

MARYLAND  BALTIMOKK    TKNNKWSKK         JOHNSON  CITY 

KNOXVII-LK,  MKMIMHH,  NASHVILLK 


ANACONDA    THXAS  KL  P\so 

TOLKDO    KTAII  SALT  LAM;  CITY 

OKLAHOMA  CITY    VIRGINIA  NOWOLK,  HirnMoNi* 
PORTLAND    \VASI!IN*(»TON*  SKXTTLK, 

TACOVI.V 

\V,  VlHCtlNIA  rilAHMWON 

WISC'ONSIN  AiM'LKiM»N 


NEW  YORK,  AVKHILL  PARK,  BUFFALO,  PLATTHHUIKJ,  HOCIIKHTKH,  l*Tir\t  WKHTIU-UV,  L,  I, 


Natural  Cork  —( -ork  in  its  rial.ural  state 
consists  of  minute  hermetically  sealed 
cells  contain  Ing  "dead"  air.  Approxi- 
mately 200,000,000  cells  per  cubic  inch. 
Cell  walls  are  resinous,  resilient,  and  im- 
pervious to  the  passage  of  air.  There  is 
no  "  free/'  air  to  conduct  heat  or  moisture 
and  no  capillary  attraction, 

Mundet  "Jointite"  Corkboard 

—for  all  low  temperature  insulation  and 
for  acoustical  correction.  Natural  cork 
is  ground  int. oj.j  in.lor's  in.  granules  and 
compressed  under  limit,  in  moulds  to  pro- 
duce  Mumlet  Hat  or  shaped  corkboard, 
Air  spaces  between  gnmulen  aro  (ilitni- 
nated  by  the  pressure  and  the  nulled 
resin  in  the  coll  walln  cemenU  the  luann 
into  a  homojj;(Mi(^ous  ntruclure  retaining 
the  proportion  of  natural  cork. 


d 


Mundet     (!orkhoard     meets     I",     S, 

Government  Master  Specifications,  Its 
hojit  traiLsmlsHion  in  guaranteed  not  to 
exceed  ,'J(J  Btti  when  tested  in  accordance 
with  Bureau  of  Standards  regulations, 
In  actual  cold  Htorago  pmt-tire,  this 
figure  may  bo  nafoly  ro<!ur(«d  t<»  ,27  Btu. 
Sold  in  Htainlard  12  in,  x_  'M  hi,  sho«*t, 
Sturi(iard  thickiu^HHeH,  !  -,»  in,,  1  in,,  I{^ 
in.,  2  in,,  *i  in.,  4  in.,  (>  in. 
Mundet  **JointltfeM  Cork  Pipe  Covering 

Protects  all  typen  »f  low  teiapcnttur** 
lines.  Made  in  I{  tliicktics^OH,  \vith  coni- 
ploto  line  of  Ktandard  r«»vorn,  Htiit,*il»l<» 
for  pipon  carrying  nub  /rn>  in  5f|  F  toni 
p(»rnture, 

High  Temperature 

The  ne\v  Mundot  plant  for  the  nsnnti 
facturc  of  XT>  per  c«*nt  tn;itcnt'xi;i  in.stiln 
tion  makes  HVaiinbi^  tin*  tuoM  inoderh 
plant  facilities  fur  I  lit*  product  Inn  til  hi^h 
tontponituro  pipe  CHVrHftg  JUK!  M«*rk  in 


n 


for 


Section 
flitting. 


<tf  Mundet,  MttulM  fhtrtc  /*t^«  (Jttvfrinq  irilk 
Thti  pipe  f  wiving  i*  mad*  in  wtwn*  M  in, 

Ittng,  tu  fit  till  mn  $f  JUJ«L 


Mundet  Cork  Vibration  Isolation 
Machinery  vibnilioti  t*iif<i!jn|*»ff* 
hunting  an<l  vcntilnfiiiK  vvork  i>i  H 
lively  confp41«nl  hy  tl»»  u»»*  «f  Miti 
NuluniM'ork  iHoinlioi*  Mafx,    \V*» 
inantjfiu'f  uro  H!i«*i*t    illation   cork 
heavier  uiiU'hiiiory  lonrlx, 
Engineering  and  Spciicttlon  Service 
Our  ttngifiwriiiK  di^pitrtiiiifitt  IN  at  flit* 
Horyico  of  Ar**hih*t*tM  and  Kitjpitmv,  to 
nHKWt  and  suivt^tt  in  tit**  prt*|»inifi*»ii  f»f 
sjmoificaf  iorm,    Tlim  «f*rvrf<*  w  nvailahlo 
without  obligation, 

Muttdet  Contr«ct  Service 
C  Worn  tin*  wmi|»l**tt*  iiwtalljitloii  »»f  our 
produrtHf  in  ftcrdrdan*'**  with  fw»«t  iwtfib- 
lirthed  prticticf*,    Div*  l**«|  r 
m  nviiumL    Mntorialri  and 
arcs  guariuitfinL    Hinul  fur  nif;tt*»fj;, 


Insulation 


The  Celotex  Corporation 

General  Offices 
120  South  LaSalle  Street,  Chicago  3 

CELOTEX 


Celotex  Cane  Fibre  Insulation  prod- 
ucts are  made  by  felting  the  long,  tough 
fibres  of  bagasse  into  strong,  rigid 
boards.  They  art1  manufactured  under 
the  Ferox  Process  (patented)  which  ef- 
fectively protects  them  from  destruction 
by  termites,  fungus  growth,  and  dry  rot.. 
Integrally  water-proofed, 

Celotex  Insulating  Sheathing 

An  insulating,  weather-resist  ingsheath- 
ing  for  use  under  any  type  of  exterior. 
Surfaces  and  edges  are  moisture-proofed 

with  a  surface  impregnation  of  asphalt. 
Sixes;  35  in.  and  !.j  in.  thick:  4  ft  wide; 
S  ft  ,  tl  ft  ,*  10  ft  and  12  ft  long.  Also  H  in. 
thick:  U  ft  x  S  ft  with  long  edges-  center 
matched, 

Celotex  Insulating  Lath 

Regular  Insulating  Lath,  -  A  cane  fibre 
plaster  bane  of  high  insulating  efficiency. 
Surface  provides  a  strong  bond  for  plas- 
ter and  the  bevelled  edges  and  .ship-hip 
joint  provide  ndditinnal  reinforcement, 

Si/**;  IS  in.  \  IS  in.;  thickness:  }  %  in, 
and  I  in. 

Vapor-seal  Insulating  Lath  Also  a 
cane  fibre  plaster  basejnif  with  a  vnpor 
burner  in  the  form  of  u  special  asphalt 
nwfitig  on  the  buck  of  the  J  g*  thickness 
and  i«*tueen  two  laminated  layer*  of  the 

1"  tllU'k  IN'HH, 

Si/**H:  IS  iis,  x  IS  in.;  thickness  ^  in. 

and  1  in. 

Celotex  Roof  Insulation  Products 
Regular  Roof  Insulation  t  A  cane  fibre 

product    possessing  superior   hwulatlng 

properties, 

Si/e;  &'i  in,  x  17  in.  or  lit  in,  x  4K  in,; 
*  .»  in.,  " 


EDO!  Insulation  A  e 
product  routed  w  it  h  a  speciitl  u 
IIP  fixture  protection  on  thi«  job, 
2Iiin,\  J7  ni,(<*r^n».  x  is  in.;  thickness 
JU  itt,,  i  Iii,?  lj'2  in*  and  2  in, 
"Vapor-seal  Koof  Insulation  An  ^  im- 
proved type  of  water  ri'MMUtnt  run**  fibre- 
|»*i{tiii  coiitefl  \\  il  h  h'mh  i^rmle  usphult  and 
lijivifig  of^ets  on  all  ed«t*H  HO  flmt  when 
nppitf^f  a  network  of  cimnnelH  next  to 

1  In*  roof  deck  provid«'^  «  ineun^ot'  et|U»i- 
i/.iiiK    tin*    flit*    PJ-  .»rt»re    therein,  ^  Sixe; 
21  in,  x  4Sin,;  thirkneH-s:  1  in.,  ij.jin.wtd 

2  in, 


"Flexcell"  Expansion  Joint 

Made  from  tough,  springy  cane  fiber 
saturated  with  asphaltie  compound. 
Resilient,  moisture  resistant,  high  insu- 
lation value. 

Cemesto 

A  completely  fabricated  fire  and  mois- 
ture resistant  structural  insulating  wall 
unit.  Consists  of  a  Celotex  cane  fiber 
core  surfaced  on  both  sides  with  a  J^ 
in.  layer  of  asbestos-cement  board. 

Sixes:  4  ft  x  4  ft,  4  ft  x  6  ft,  4  ft  x  8  ft, 
4  ft  x  10  ft,  4  ft  x  12  ft;  thicknesses:  }J- 
in.,  IJa  in.,  1^\  in.  and  2  in. 

Celo-Block 

( Vlo-Bloek  ("Sold  Storage  Insulation 
consists  of  }£  in.  low  density  cane;  fibre- 
boards  bonded  together  with  asphalt 
mastic  and  surfaced  front  and  back  with 
asphalt,.  (Vlo-Bloek  has  excellent  in- 
sulating qualities.  Sue:  12  in.  x  3(>  in. 
or  IK  in.  x  H(>  in.;  thickness:  2  in.  and  3  in. 

Celotex  Rock  Wool  Products 

Available  in  the  following  forms— 
Loose,  (Jranuhited,  Paper-eneaned  Baits, 
and  Halt 'type  Blankets.  (Vlotex  Rock 
Wool  is  made  from  the  clean  fibres  of 
molten  rock.  Incombustible  and  inte- 
grally waterproofed. 

Q-T  Ductiiner 

A  sound  absorbing  material  designed 
especially  for  dud  lining  in  air  condi- 
tioning systems.  Made;  of  ( Vlotex  Hock 
Wool  and  special  binder.  Will  withstand 
uir  duct  humidity.  Is  fire  resistant ,  and 
will  not.  smoulder  or  support  combustion . 
Thermal  conductivity  of  0.30. 

Celotex  Sound  Conditioning 
Products 

(Vlotex  Sound  Conditioning  Products 

comply  vvith^  every  requirement,  speeifi 

cation  or  building  code, 

Celotex  Interior  Finishes 

(Vlotex  has  ft  complete  line  of  Interior 
Finishes  in  both  tile  and  plank,  In  new 
color  blends  ulsu  building  uml  utility 
board.  Detailed  infowwtSon  in  ^S/n-r/'a 
/*'///!  or  direct.  Your  inquiries  invited, 
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EAGLE 

G1 

PICHER 


The  Eagle-Picker  Company 

General  Offices:  American  Building,  Cincinnati  1,  Ohio 

Offices  in  Principal  Cities 


EAGLE-PICHER 
A   Remarkable  Insulating  Wool 

Made  From  Minerals 
Years  ago  Kaglc-lMchcr  pio- 
neered a  method  of  fusing  and 
fibcminK  carefully  .selected 
minerals  into  adnrk  gray  insulat- 
ing wool.  This  mineral  wool 
is  chemically  inert.  Fibers  are 
mechanically  strong,  extremely 
resilient  and  flexible.  They 
withstand  expansion  and  t  con- 
traction without  loss  of  edlciency 
even  at  elevated  temperatures. 
From  this  mineral  wool,  Kagle » 
Richer  has  fabricated  a  long  lint 
of  insulating  products  to  moot 
a  wide,  range  of  temperatures 
and  operating  requirements. 

H-2  Loose  Wool 


A  clean  (ill  insulation  that  is  highly 
ellicKMit  for  temperatures  to  J2(H)"K 
Averages  considerably  lighter  in  weight 
than  many  rock  and  slag  wools  goes 
farther,  fibers  are^  soft  and  flexible. 
Kagle-Pieher  Insulation  is  as  fireproof  its 
the  minerals  from  which  it  is  mane.  He  - 
tains  physical  and  chemical  stability  in 
presence  of  water.  Packed  in  40»Ib  bags, 

H-l  and  7-B  Granulated  Wool 

Another  grade  of  fill  insulation  that 
has  all  the  advantageous  properties  of 
Magic  11-2  Loose  Wool,  It  ronwHtH  of 
small  pellets  averaging]  s  to  l  %  in.  in  m/,(«, 
For  all  fill  jobs  in  irregular  span's,  H  1 
(ininuliih'd  Wool  for  Home  ttisuhition, 
and  7  B  (Jranulatwl  Wool  for  Induwlrial 
jjpplieation.s,  Both  types  packed  in  10 
Ib  bugs. 

Low  Temperature  Felt 

A  highly  efficient  insulating  material 
for  Hubzoro  and  low  tomperaturcH  (to 
4(KJ°Fj,  Available  in  doimithts  of  4,  (\ 

and  S  Ib  per  eu  ft,  Recommended  for 
refrigerator  roomH*  trucks,  refrigeratorH* 
HtovoHT  ct(s»  Bhodtt  water.  Kxtwiwvcily 

in  marine  field. 


con- 


Paper  Backed  Batts 

These    light-weight,    sturdily 
wtructed  bat  in  are  (•»H.V  to  apply 
Hide  in  protect  <;d   with  aHphull 
pnpcr  which  «f»rve,s  as  an  approve 


Nh«*ars. 
:iu<{ 


Two 
Si*nu 


por  barrier,  Slr«»n^  t 
(Quickly  cut  utih  luiilV  « 
<hicknesH<»s  Ftill  Thick 
Thick,  For  house  ttsi», 


Super  **OC>*'  Cement 

A  high  teinprnttur*1  inmihttin^  Cement  . 
Many  to  apply  and  trowels  to  n  wnoofh 
iiiii«li-  Actively  inhibitu  ruM,  Will 
Htick  on  uny  clean,  h^jitftl  «tirl'iif<*.  I  >ry 
ftppro\int!it4»ly  5(1  ,vq  ft  JHT  UK) 
per  rent  rcc)nitua)tif  up  to 


Ib.     KKf 

1201)  F, 
bngs  as 


i»iicki'd    in   flu*    »:initimr  .Vf  Ib 


An  fill-' 


Supertcmp  Blocks 

nrpow  high  tctnjMT.'itim*  block 
which  \\ill  wit  iiHtjytd  »»l*'Vatcd 
o  17<K*  'K  without  lo.HHof 

or  Ktnirtiint!   ulreji^th,    Fi- 
ant  WAti*rn*(«*Iirnt  .    Li^lii  wt-ight, 
cut  to  fit  irn^uhiriy  hhfijH'ii  wtr< 

faccK,    iitockn    wiflwlafid    itll    normal 
vibration  «,tui  lit^nwioft  i'iK*«witi*n*«i  in 
WMS  for  wliicli  tliry  »r*» 
All  Ktandfir<lHi/«t*H. 

InsuUeal 

A  protfHivf*  fwitbifc  fo 
Insulation  Hiattk«'tH*  ^tip«*ftt*iii|»' 
(!c*iu^nt  and  otht«r  kludn  of  tiimt 
lion.    Pfitvidiw  iijM*nHa»t«til  m*itl 
safi^iitrdu  insulation  agiii 
lion  ,  nioiHttifi),  wat(*r*  ftimi*«  ;  also  ag&iiwt 
vibration  and  abrasion.    I)<ji»«  nut  Http- 
port  comhuHtton. 

K*jr  mor<*  coiiijili»t(t  «|iwif!c:af,i<ww  and 
data  on  Hictii*  and  otlwr  Kfigl« 


fhtt 


or  Power  Plant 


Insulation 


The  Gil  man  Brothers  Company 

Gilman,  Connecticut 

SALES  OFFICES  IN:  NEW  YORK,  CHICAGO,  CLEVELAND 


FLAME- 
PROOF 


COTTON 
INSULATION 


CELLULITE  BLANKET  INSULATION   !  CELLULITE  ACOUSTICAL  BLANKETS 


Celhilite  is  up  to  IW  per  cent  more 
efficient  in  resisting  heat  and  cold  than 
am  of  ten  oilier  insulating  materials. 
CelluliteV  K  factor  in  0/Jf  Bfti  hr,  ft2/ 
'!•'  in,  thickness, 


Flame  and  Water  Pcnmi- 
nnil  h  Hameproof,  Celiulite  won't  flame 
or  nidi  under  the  concent  rated  lire  of  a 
hio'Alorefi  ft  ^hcils  wafer  fike  a  duck, 
xhou**  im  mildew  attraction,  Odorless, 
proof,  not)  irritating, 


Light,  Easy  to  Handle  Cellulite  is 
*«;t'.\  to  iitstnil,  liKht  in  \\einht  uiensifv 
J  4»l'  ;s  lit  |MTHf{  I'f  '«  won'l  p.'ick  or  net  lie. 

I  *ofii]iri";«*,^e«l  for  Htor.'ijjc,  t  rauHporf  at  ion 
iir  fu»\  l*;iiHlSiiin,  it  wpriuj^K  ri^hl  i»Mck» 
v.,»tt  ;nul  iltitf\  »  to  ifs  usiginal  shnpe, 

fill  III    Ji!I*l    tllM'lvflt'NS, 

Four  Efficient  Types    Hi  KSS    Com 

jijelelv  i*iic!<f^*'{  with  reflective  paper 
'  sM  |»i»i'  ('Hit  reflectivity*  or  with  nimur 
ii»iiif  foil  {ii.1!  per  cent  reflecfivil  v  i,  <U» 
I",  KiiU'iope  uith  aHpitJtH  hnckeu  vapor 
i»;tn'ier  *>n  nne  Hi«le,  nlrorm  perforate*! 
kf.-fff  »'«*VfirinK  on  other  Hide,  ''it  II 
witti  vapor  harrier  i»u  one  Hide  only,  rli 
Am  couthinatioh  of  nliove  typen,  Pack- 
«K«4*i  in  roll  form,  (Vjiulite  comes  in 
!  in,,  l*1  in,  mid  *!H  in,  thickm'jwcs;  12  in,, 
1*5  in  ,  l*!J  in,  .'it»«I  21  in.  widlfjK, 


\Voi«h(  for  weight  CKLLliLITM  is  ono 
of  Um  most  <kflici(»nt  hlank(*<s  a,vailahle 
for  increasing  noise  reduction  through 
walls.  Tests  by  a  renowned  firm  of  acous- 
tical consultants  prove  a  <  riplc  thickness 
CKLU'LITK  blanket,  enclosed  in  kraff, 
paper  adds  5  dbs  to  the  noise  reduction 
through  a  properly  separated  slavered 
stud  wall*1,  yct>  adds  only  0,28  Ihs  per 
HCJ  ft  to  the  weight  . 

Cellulito  Acoustical  Blanket  Specifications 


A|>i»ro\;  i" 
Approv,  2" 
A|M»ru\;  \\" 

*  7V  af:t  hi/  titt'r 


lb,ft2t 
(f  (HI5 
«)  HJ 

It  22 


44  0 

-I,*}  ,1 


Thf  t  ransmisHitm  IOMH  in  dlis  i«  calculated 
for  a  standard,  nta^crcd  .stud  const  rue 
lion. 

CELLUUTE  <»onsiH(H  of  flameproof  cot 
ton  covered  on  both  Hides  with  creped 
krafl   paper  secured  by  JiwH  of  cot  Ion 
Htitehinjz;  running  Ic^ii^lhwiHe, 

CELLUUTE  w  also  an  efTec,fivc  Mound 
absorbing  malc»riaS  whrju  placed  bchiiid 
n  perforated  type  facing  *»,ud  is  equal  in 
performance  to  mineral  wool  bhudioln 
of  identical  thick  WAS,  In  addition*  its 
well  matted  fibres  can't  wift  through 
perforutiouK.  Si/on:  \  ft  \  H  ft  Special 
HJXI»H  available  on  request* 


Insulation 


INSULITE 


General  Offices 
500  Baker  Arcade  Bldg.,  Minneapolis  2T  Minnesota 


For  30  years  engineers  and  architecta  have  specified  Insulite  materials  for  structural 
uses,  interior  finish,  low  temperature  duet  lining,  and  for  other  thermal  insulation  and 
sound  control  work.  Insulite  materials  have  proved  themselves  practical  through 
their  performance  on  the  jol>2 

STRUCTURAL  MATERIALS 


Sealed  Lok- Joint  Lath— An  insulating; 
plaster  base  of  Grayiitc,  wealed  on  stud 
space  aide  with  an  effective  vapor  harrier 
of  asphalt.  Has  patented  "Lok"supports 
on  long  edge. 

Thickness:  }&  ?,j*  at»d  I  in.    Size:  LS  x 

48  in. 

Bildrite  Sheathing  in  integrally  asphalt 
treated  wood  fibre  insulating  board 
manufactured  under  an  exchwi v<k  proc- 
oss  that  increases  strength  and  moisture 
resistance.  It,  is  25-32  in,  thick.  Thermal 
conductivity  maximum:  ^M  Btu  per 
inch  thickness.  Available  in  sixes  4  x  S  ft 
up  to  4  x  12  ft  with  aH  edges  square,  Also 
available  in  2  x  S  ft  sixe  with  V  joint  on 
long  edges. 

Condensation  Control— Where  low  out- 
side temperatures  and  higji  inside 
humidities  may  occur,  authorities  recom- 
mend "waling  the  warm  Hide  and  vent  ing 
the,  cold  Hido'J  of  the  wall  to  prevent 
condensation,  An  adequate  vapor  bur- 
ner, Sealed  Lok-Jornfc  Lath  should  be 
used  on  the  warm  side,  of  the  wall  thereby 
effectively  reducing  vapor  trnnHmirowm 
into  the,  Html  space,  Bildiite  Sheathing 


!  is  designed  to  allow  any  surplus  vapor  in 

I  the  stud  space  to  "bre-a't  h«»"  or  be  vented, 

|  If  vapor  i«  trapped  within  the  Ntud  Hpace 

i  and  cannot  <»Heape  through  the  nlieaf  lung, 

I  destructive  eontlenaationinay  occur* 

i  THE  APPROVED  INSULITE 

WALL  OF  PROTECTION 


This   construction    con**wts   **f 

Sheathing  on  the  exteriur  of  the 

work  and  Sealed  Lok  Joint    Lath 


n  the 


interior.    Transmission  coHhcieni  l\fi  is 
Hhown  below. 

|  Ifttr  rwr  I  in  win 


ii  Shrathiiig 


n^  BiWri^i  Bhnthiny 
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Insulite 


Insulation 


ROOF  INSULATION 

Insulite  Hoof  Insulation  is  fabricated 
from  Ins- Lite  (or  Graylite)  hoards.  J  in. 
thickness  has  square  edges.  1,  1J  and  2 
in.  thickness  are  multiple  layer  and 
stapled  together  with  either  square  or 
offset  edges.  Size  23  in.  x  47  in. 

INSULATING  WOOL 
The  basic  material  is  composed  of  a 
mans  of  long  fibers  of  glass,  lightly 
bonded  together  with  a  thermo-ssetting 
resin  to  form  an  insulating  air  space.  In- 
sulite insulating  wool  is  manufactured 
us  n  pouring  wool,  roll  or  blanket,  from 
low  density  PF  (Preformed)  insulation 
produced  by  the  Owens-Coming  Fiber- 
glan  Corporation.  Available  in  all  con- 
venient and  economical  sizes. 

INDUSTRIAL  INSULATION 
Industrial  Insulation  is  n  wood  fibre 
board  for  use  in  all  types  of  manufactur- 
ing industries  fabricating  refrigerators, 

coolers,  showcases,  brooders,  partitions 
and  cabinets.  It  can  be  cut  to  sixe  and 
fabricated  to  the  customers  *  specifica- 
tioiiH.  Three  typos  of  industrial  board  are 
available. 

Lowdensite    Industrial    Board  -A    10 

to  14  lb  density  board  with  an  average 
terwile  strength  of  KM)  ib/sq  in.  and  an 
uviM'uge  conductivity  of  0,30  mu/hour/sq 
ft  K  inch  thickww. 

Ins-Lite  Industrial  Board  A  14  to  jIH 
lb  d«Minity  board  with  an  average  tensile 
utri'ngtii'of  250  Ib/nq  in.  and  an  average 
conductivity  of  0.33  Btu/hour/sq  ft/F/ 
inch  thickncHs, 

Graylite  Industrial  Board  -Differs 
from  the  above  two  products  in  that  it 
hn*  nn  integral  anphalt  treatment,  which 
provi«irHin<*rrHHwtHtr<mgthand  moiwture 

rfWBhtiKT  an  well  an  minimum  thickw*HB 
and  linear  expannion,  A  10  to  20  lb  den- 
sity hoard  with  an  average,  terwile 
,«4trVngth  of  350  Ib'Hq  in.  and  an  average 
f-ondtjHivity  of  0,35  Btu/hour/Hq  ft/F/ 
inch  thirkni*H«. 

HAEDBOARD  PRODUCTS 
fliird  Board  materials  are  tough,  dur- 
able, grninl«*HH,  pnwwd  wood  fiber  boards 
with  ;t  hard,  waooth  «urf*ww,  Available 
in  a  niw  of  dim«ific*H  from  55  to  OH 
lb  fit  ft,  ThU'kwwH  from  I  to  &  in,  and 
mm*  of  I  x'JJft  to  4  x  12ft. 

INTERIOR  FINISH 
GmyHte  Building  Board  -An  intepil 
frtraffd  .uKpIiiilt  oontniuing  Wi»od   fiber 
bourd    nf    grayi»h    brown    color-burlap 
awl   lirn'ii    fexttirei!  «tirfHc^«,   Thermal 
nominal  0,3f>  Bin  per  inch 

I! 


thickness.  Furnished  in  thicknesses  of 
J,  J  and  1  in.  and  sizes  4  x  6  ft  to  4  x 
l>j  it. 

Smoothlite  Interior  Board—  Factory 
coated  insulating  board  with  smooth, 
finished  surface  one  side,  having  68  per 
cent  light  reflection.  Furnished  in  $  in. 
thickness  only  and  in  sizes  4x6  ft  to 
4  x  12  ft. 

Wevelite  Interior  Board—A  factory 
coated  board  having  a  textured  surface. 
Color:  Ivory  White.  Further  decoration 
not  required  although  it,  can  be  readily 
painted. 

Lusterlite  Interior  Board—  A  smooth, 
predecorated  interior  board  with  high 
light  reflection.  Factory  applied  oil  base 
paint  provides  a  durable,  ('loanable  sur- 
face. Colors:  White  and  Ivory  White. 
Easily  repainted. 

Durolite  Interior  Board—  A  textured, 
predeeoruted  interior  finish  with  a  sur- 
faoM-liat  is  ('loanable  and  resistant  to 
scuffing  and  abrasion,  Kanily  repainted 
when  change*  in  color  scheme  is  desired. 
Colors;  Ivory,  Pale  Green  and  Varie- 
gated Woodtones. 

Tile  Board  -Available  in  Lusterlite 
material  ^with  a  flanged  tongue  and 
groove  joint  that  permits  concealed  fas- 
tening with  either  nails  or  Ntaples.  Avail- 
able* in  smvH  12  x  12  in.  to  10  x  32  in. 

Plank-  -Available  in  Durolite  material 
with  strong  flanged  tongue  nnd  groove 
joint  for  concealed  fastening  with  nails 
or  staples, 

Acoustilite  -A  high  efficiency  acousti- 
cal material  for  sound  control.  Co- 
efficient of  sound  absorption,  at  512 
cycles,  IK  0.7!)  when  mounted  on  solid 
background  and  0,«SO  when  on  furring 
ntripH.  NOIKO  reduction  eoeJIieient  is  0,05 
when  mounted  on  solid  background  and 
0.75  when  on  furring  Htripn,  Factory 
painted  in  white  (light  reflection  80 
percent),  Units  have  a  butt  joint  and  are 
beveled  on  four  edges.  Thickness  |  in., 
12  x  12  in*  to  10  x  32  in, 


Fiberlite-  An  efficient   nound  absorp- 
tion and  decorative  material.  Coefficient 

of  Bound  absorption,  nt  t<512  evclen,  is 
0,53  when  mounted  on  solid  backing  and 
0.72  when  on  furring  Htrips,  Noise  reduc- 
tion coefficient  IH  0.55  when  mounted  on 
Holnl  background  and  0.65  when  on 
furring  Htrip«,  Factory  painted  in  white 
(light  reflection  HO  per  cent").  Unitn  have 
a  butt  joint  and  arc*  biwdnd  on  four 
ftdgoH.  ThiekwMW,  i  in.;  HIK^H,  12  x  12  in. 
to  lf>  x  it*  in, 


Insulation 


Johns-Manvllle 


Executive  offices:  22  East  40th  Street,  New  York  16,  N.  Y. 

Offices  in  All  Large  Cities 


Johiis-Manvllle  Home  Insulation 


For  New  Construction: 
Super-Felt*  Batts 

Super-  Kelt  Hoine  Insulation  is  furn- 
ished in  pre  "fabricated  baff.s  of  tmifonu 
t-hickness  and  density,  in  both  full  stud 
thickness  and  semi  thick,  in  si/e^  15,,  I!), 
aiul  23  in.  \\ide  b\  21  or  is  in.  !on^.  d«» 
signed  to  fit  the  ^pace  hi't  \\eeu  studs, 
joists  and  rafti*rs  un  the  usiin!  centers. 
The  siurdy  felird  "uoul"  is  hi  rung 
enough  to  be  handled  rapidly  without 
damage.  The  l»alf>  a,  re  b;icki*d  \\ith  a 
vapor  st»nl  jmper,  estendiitj^  «»ti  bf»fbthe 
lonp;  sides  in  I  !  •»  in  wide  liangi"*.  1»\' 
which  the  half  is  fasfeui'fl  in  plan*  find 
which  also  aid  in  se;iitiig  the  joints. 
Tills  backing  pr»M<*cts  auaii^l  pM.-^njie 
of  abuonaa!  hitittidii  \  t  I  hat  sua'\  !H«  pt«» 


Ftit  hutta  in  new 


JohnH-Manville  Rock  Wool  Home  In- 
Huluiion  in  a  light,  fluffy  mineral  wool, 
highly  efficient  in  heat  -proofing  praeti- 
cally  any  building,  ^old  or  new.  It  is 
durable,  rot-proof  «  fin1-  proof  and  odor 
le«H,  and  will  not  corrode*  or  Nettle.  Ftill 
Htud  thickness  of  this  material  can  wave 
up  to  HO  percent  on  fuel  in  winter  and  help 
keep  rooms  up  <o  15K  cooler  in  hot  lent 
weather,  J  M  Hock  Wool 


sen! 


-frtict»iii' 


For    Existing    Homes    and    Buildings: 
J-M  Type  A  "Blown'*  Rock  Woo! 

,1  M  T\JM»  \  Hock  \\tutl  i>  blow  it  pfifii 
tiuit  icnlly  into  the  i-|»are,"  hrlNreti  .-fud-- 

iu  outer  \\alls  ais«l  bet*Ai»«*?t  romi  raffias 
.,     he>ut;if  i«it>   thirk 
ptni*i'.  to  -hid  depth, 

in     lfhr  uiisS**iiii  till 
llnTiua!    fthrjenr^ 


Home 

tion  IB  furnished  in  (.wo  fortuH:  for  new 
o.onHtruction,  in  ^  easily  handled  but  in; 
for  exinUng  buildings,  in  nodulated  form 
to  bo  installed  pneumatically, 


or  attic  tloor  joi^t 
ness  in  wall,1*"  «>f»rre*' 
jippr«>\iniMteU  ,'{'. 
MSKuren  iiiaxtiiiiitii 
1'hih  type  of  in'<uht 
b\  .Johns  M;nivt!ir 


\|t|»r«*\***}  ,1  \l 


Airaeoustic*  Sheets  for  lining 
Air-C'onditioning  Ducts 


Shc»e<Ht   for   dtict 
of  air  conditioning  HynteiiiH,  are  flame 
proof,     highly     Hound  absorbent     and 
*  reniHturit,  with  n  nurfact*  which 


will  not  iiiftf 
in  llie  duct 

are 


\triMn»u«tir  Sh* 

iiM  !  ;s  t  atid  I  f  ; 


John$~Manville  Pipe  and  Boiler  Insulations 


Pre-Shrunk  Asbestocel* 

Cellular  type,  of  itmulution  for  pipes 


oarr 


rrying  low  prctHHure  Htwtiii  or  hot  witter, 
Matto  up  of  alternate*  layers  of  plain 
and  corrugated,  special ly-treatwi,  moi«t- 


*  Keg.  U.  8.  Put.  Off, 


ure  n^iHtaiifn  rt^tiesfiw  f^fiH, 
iwhcH;  (tlax^fl  White  ft>r  «pi 
tion,  will  n<it  carry  Hnmi*;  iwl^ 

and  regulftf  TJIIIVIIH  COVIT, 
Fiinit«li<»*l  in  '{xf^ot  «i'«tioi 

rii*n«4»K  of  2  tlir*ni|jli  H 
*4  in,  t 


Titri*« 


ply 


Johns- Manvttle 


Insulation 


JOHNS-MANVILLE  PIPE  AND  BOILER  INSULATION,  Cont'd 


J-M  85%  Magnesia 

Recommended  as  the  most  widely  used 
insulation  of  the  molded  type  for  temper- 
atures tip  to  ()()()  F.  Pipe  insulation  is  fur- 
nished in  sectional  or  segment  al  form  for 
iill  standard  pipesizest,in  thicknesses  up 
to  ,H  in.  Blocks  are  3,  0,  0,  12  in.  wide 
and  IN  and  HO  in.  long,  lint  or  curved,  1 
in.  through  1  in.  thick.  Minimum  thick- 
ness for  curved  blocks,  I1  ,  in. 


Jf-M  Prc-Shrunk  Wool  Felt 

J  M  Piv  Shrunk  Wool  Felt  is  equally 
H'irrfw  and  durable  on  either  hot  or 
cold  wafer  service  piping,  PreventH 
Mvi'iititiK<m  cold  water  pipcn.  Made  of  a 
upreially  indented  wool  felt  and  provided 
with  n  dual  service  liner, 

Supplied  In  cms  van  finish  in  3  ft  m*« 
tiniiM  in  f  hirkncHHCH  of  f^  in.y  $4  in.t  I 
In,,  !h»ut*it»  J'g  in,,  and  Double  Jtf  in,, 
lor  itl!  ritundan!  pipe  HI /,<*«,  t 

AftbestO'Spong**  Felted 

Uf<rt»nimt<n<ic»<i   on   all    high   preKwure 

tfti'jtw  piping  lit  temperature  to  7CK)  F 
win«ri*  iimulation  may  Iw  Htihjectwl  to 
rutt^h  iwitg«  or  where  both  maximum 
rilidt'ficy  and  durability  ant  dejiml. 
Fiintiwlictl  in  3 -ft  H<jction»  up  to  3  in. 
thick,  for  al!  standard  pi  pet  mzt'tf.t 
*  UfHt  U.  H  Fill.  <m, 


Superex*  Combination 

Supcrox  Combination  Insulation  (an 
inner  layer  of  high  temperature  Supcrex 
and  an  outer  layer  of  85%  Magnesia) 
is  recommended  where  temperatures  ex- 
ceed 000  F.  Both  Suporex  and  85%  Mag- 
nesia insulations  are  furnished  in  sec- 
tional and  scgmontal  pipe  covering,  as 
well  as  in  block  forms. 

Asbestocel* 

Asbestocel  Sheets  and  Blocks  are  used 
for  insulating  low  pressure  boilers, 
food  wader  heaters  anil  warm  air  ducts. 
Temperature  limit  300  F.  Furnished 
()  to  30  in.  wide  by  36  to  96  in.  long,  from 
Jo  in.  through  4  in.  thick. 

Rock  Cork* 

Rock  Cork  is  made  of  mineral  wool 
and  an  asphaltic  binder  molded  into 
sheets  and  pipe  insulation  for  all  low 
temperature  service  to  minus  400  F. 
Jt  IH  strong,  durable,  and  will  not  support 
vermin.  Because  of  its  unusual  moisture 
resistance,  its  high  insulating  value  is 
maintained  in  service. 

Furnished  in  sheets  IS  in.  by  IS  in.,  in 
1  in,  thickness;  ,'W  in.  by  IS  in,,  in  Po,  2, 
3,  and  4  in.  thicknesses.  Lugging,  for 
curved  surfaces,  supplied  IS  in.  long  by 
PI*  through  4  in.  thick,  2  to  0  in,  wide, 
depending  on  diameter.  Pipe  covering 
furnished  in  Ice  Water,  Brine  and  Heavy 
Brine  thicknesses,  for  all  commercial 
pipe*  .si/.os.f 

Zerollte* 

Xlerolite-  in  a  newly  developed,  resin 
bonded,  mineral  wool  insulation  for 
temperatures  to  minus  400  F,  In  addi- 
tion to  possessing  the  same  basic  charac- 
teriHticH  as  Rock  Cork,  Jforolito  JH 
highly  firo-retardant,  resiatn  petroleum 
and  organic  8olvt*ntH,  and  has  the  added 
advantage  of  6  to  10  per  cent  lower  con- 
duct ivity.  Furnished  in  sheets  ,*W  in. 
by  12  in,  and  IS  in.,  in  1  111,  through  1  in, 
thickness.  Lagging  furnished  in  sumo 
an  Hock  (  'ork, 


Details  on  Keenest 

For  further  information  about.  J-M  In- 
Huliitioiw  and  J  -M  Application  Service, 
writ*1  JohnN'Manvilics  22  ICant  401  h 
Street,  Now  York  10,  N,  Y. 

f  AIw>  iivailftble  m  ««tt,i<*rw  to  fit  sftriiighfc  rumi  of 
copjxsr  phw  or  tubing  with  nominal  <Iitwn0tw»  of 

?i  m.  awl  larger, 


Insulation 


Kimberly-Clark  Corporation 

Neenah,  Wisconsin 
Now  York  17,  N.  V. 

gP  •  •  •  -W  I '.'irk  Avenue 

m"  •  •  •          Atlanta  3,  (Georgia 
JftU  L  22  Marietta  St.,  N.  W. 

vfSTr^^  ^^       Chicago  8,  Illinois 

8  S.  Michigan  Avenue 
San  Francisco  4,  Calif. 

155  Sansome  Street 


\  Kimberly; 
'     Clark    1 


KIMSUI/  is  unique  among  building  insulations  and 
acoustical  materials  because  it  i«  made  of  inuny 
individual  plies—  each  one  a  continuous  separate 
layer  of  soft,  clean,  ereped,  asphalt -treated  celluloHe 
fibers.  Kach  ply  is  controlled  carefully  in  manufac- 
ture both  iiH  to  thicknosH  and  crepe  nt  met  are.  Hie 
result  is  a  flexible  blanket,  inherently  uniform  in 
thickness— -an  important  factor  in  a  thermal  or  sound 
insulating  material.  The  Kimsul  plies  and  rover  of  the  creped  Pyrognnl*  or  ereped 
lieflective  Yaporsenl  are  held  lo^^tluM1  with  rows  of  strong  ntitrliing  that  prevent 
sift  ing  and  settling.  No  heat -len  king  thin  spots,  no  money  wasting;  thick  spofn  in  the 
Kimsul  blanket.  Reduced  to  ',-J  its  installed  volume  for  easier  shipment,  handling 
and  storage,  the  Kimsul  blanket  is  expanded  in  installation.  The  «f itching;  controls 
expansion  (o  the  density  of  maximum  eflteiency. 


KIMSUL  INSULATION  IS  NOW  MADE  IN  TWO  GRADES 

REGULAR    SEE  PAGE  OPPOSITE 


REFLECTIVE  AND 


Flexible—fit H  into  tcor- 
nerH,  t ticks  behind  pipes, 
electrical  wiring  and 
other  "tight  spots,"  No 
arwiH  unprotected, 


Clean  no  sharp  part  ielen 
lo  irritate,  nothing  to 
sift ;  Ht itched  ply  con- 
struction prevfinttf  net- 
tling or 


Insulated  FasteEin^  Edge 

"7'The  nuiny  layer  Kinmul 
blanket  m  extra  wide:  to 
provide  fully  inHulaled 
litwtoninK  cd^H,  and  to 
eiiHum  completely  filling 
BpacfiH  where  framing 
may  bo  nlightlyolT center, 


*T.  M,  l 


Com- 

presBibiHty  Kmwtil  iu 
Kulation,  injiy  hi*  easily 
<*u!nprc*#Hf*(i  over  frantin'g 
laembefH,  Ivperinlly 
vnltiable  for  4K  In,  wide 
KintHui  -Hiiit  nhh*  for 
mum  or  p  re  f ti  It  r  I  <*  n  t  o  <l 


Catilkubift    on**    ply    «»r 
iniifiy  plii»w  tuny  hi*  ***nn 
jtreHHi»d  to  high 
in  iifirrtiw  or  \vi«lr 


Kill!  Mil  I 

plmlt  lrt*ftti»*l  W«»+M!  fiber 
t*M  i»*»f  hri*nk  lift 
or      ta 


Any  Width,  Any  t«ngth 
it '«    **u>»,v   to   «*ut   **\iwt 

ieii^l!iK»»r  narrow1  tvitithi*. 
A\oi<N    iiitiMH    nfttt 
Wotiiiii«*!$  fill  a  fiwt » 
jtib  •  'U'iffi  I\im«uL 


MOO 


Kimberly  Clark  Corporation 


Insulation 


Now  Available— Reflective  KIMSUL*  Insulation 

The  text  of  these  two  pnges  applies  to  both  "Regular  and  Reflective  KIMSUL  Insu- 
lation. The  differences  in  the  two  types  are:  Reflective  KIMSUL  has  a  cover  of 
ALUM  IXUM  Foil  that  acts  both  as  a  vapor  barrier  to  shut  out,  condensation,  and  as 
a-  highly  efficient  reflective  surface  to  turn  back  radiant  heat:.  Reflective  KIMSUL 
has  strong  reflective  tacking  flanges  for  easy,  secure  attachment,  to  framing.  Re- 
flective KfMSUL  is  made  in  two  specifications  only  -Standard  Thick  and  Double 
Thick,  whose  Thermal  Resistances  ("R")  are  equivalent  to  the  Standard  and  Double 
Thick  Specifications  of  Regular  KIMSUL.  (Note:  For  heat  flow  downward,  Reflec- 
tive KIMSUL  provides  additional  insulating  value.)  Regular  KIMSUL  has  the 
Pyrogard  Fire 'Resist  ant  Cover. 
Fire-Resistant  -Special  permanent  chemical  treat- 
ment makes  Kimsul  resist  fire. 
Pyrogard*  Fire-Resistant  Cover --(safety  feature  of 
Regular  KhusuH  resists  flame-spread. 
Creped  Aluminum  Foil  Cover  (a  feature  of  Reflec- 
tive Kimsul  >  reflects  heat ,  shuts  out  condensation. 
Moisture-Resistant  asphalt  treatment  of  each  ply 
sheds  wafer. 

Resists  Mold,  Rot,  Vermin    The  materials  of  which 
Kunsul  is  wade  oiler  no  subsistence  to  vermin  or  in- 
Herts,  Special  chemical  treatment   resists  mold  and  fungus. 
**k**  Factor    0.27  Btu  sq-'ft  hr;"F. 

Air  Spnctt  IH  a  prime  requisite,  Tse  a  vapor-pcrmcnbic  building  paper  under  exterior 
timsh,  Ventilation  in  attics  and  floors  should  never  he  omitted.  Use  approximately 
one  ««|  ft  of  louver  area  for  1000  sq  ft  of  ceiling  urea. 

SOUND  CONTROL 

Sound  Deadening  (tw  nunn  to  rJw>Mn*»»  Kim> 
mil  hVuble  blanket  used  in  staggered  stud  con- 


I  t  \bs4o  pirn  sound  from  diaphragmatic  action  of  wall  panels. 

'Jti  Ahnorbrt  sound  which  leaks  through  joints,  thus  maintaining  original  sound 

Hi  riwhioiw  wall  .surface. 

I*  Prevents  accidental  bridging.  //////////////S/////////////. 

Hound  Absorption  \ml\\ln  n  mow*.  The  blanket 

of   Kiiiwul   makes  it    inexpennive  art  a          ^^ 

ttiMorhintf  element,  Hee  coefficients  be-  MP*»POHAT»  BOARD, FABRIC 


low, 
•T  M, 


L  0«  WI«S  SCREEN  FACING 

REO0LAR  KIMSUL  INSULATION  SPECIFICATIONS 

Timrnwi  H«»-     Houiifl  Ab     ,  H«jtmri'  Fwt  IVr  Roll  Htfiwlnrd  Widtlw 


"K" 


t  , 


!uAv,»;     It},  20,  24  in 


100 


4H  hu'li 
5(HI 

not) 


REFLECTIVE  KIMSUL  INSULATION  SPECIFICATIONS 


3,70* 

7,40* 


,45 


'200 
100 


250 


t  How  < 


^'f*-    «iw«ji  «»*  »  ,  ,  , 

l»  vrtii  1^  fnnrh  |trr;tfi*rf  «ti«!  MnuiiM  »l»t»w»  will  UM'»|uiv»l<'iit  to  grnit*»r  thi«'knc'a>*<'H. 
f  lBl»l«"t  ^'**  h^M'iti*1  niforwntt«*n, 

Fur  further  information  writit  t,(* 

KIMBKHLV~(;LAHK  croupouATiox—  NKKNAU, 

1401 


Insulation 


LockpOlt  Cotton  Batting  CO.         Lockport,  New  York 


THERMAL 


ACCOUSTICAL 


Comes  in  four  featured  typos  to  moot 
every  insulation  need:  (1)  titandani, 
open,  blanket  roll,  baeked  by  tough, 
waterproof,  asphalt-coated  kruft  paper 
to  form  an  elective  vapor  barrier.  (2) 
Enclosed  Blanket.  Insulation  i«  com- 
pletely  enehwed  in  envelope  made  of 
asphalt-coated  paper  on  one  side*  and  a 
porous  or  "breather"  typo  paper  on 
other  Ride.  (3,)  ()pc,n  Alwriinwn  Foil  *•- 
providing  all  the  features  of  open  Type  I 
pi  uw  the  extra  value  of  aluminum  foil 
hacking.  Forma  nn  elleettvc  vapor  bar- 
rier-" Htopw  90  per  cent  of  radiant  heat, 
(4)  Enclu&cd  Aluminum  Foil.  Httperior 
in  insulation  plus  values  and  thermal  effi- 
ciency. Provides  greater  convenience, 
comfort,  economy  and  performance, 

Thermal  Conductivity  The  '  V  value 
for  cotton  is  0,24  Btu/hr/Bq  ft/degree 
F/inch.  (to  /aW<?,) 

Light  Weight  -  Weight  of  I  r ti  ft  is 
Ys  Ib.  (to  table.,) 

^lame-Proofed-  WithntaiKln    IKUII"1 
blow  torch  beat. 

Moisture -Resistant "» C  "hemiral  treat  - 
ment,  conibincti  with  natural  proUwtivo 
coating  on  cotton  fibren,  (»nahi(*K  cotton 
to  effectively  resist  iuoi«tun!,  PreventB 
rot  and  nul(i<tw* 

Smooth  Texture  -  ( Jot  ton  rout  HUM*  none 
of  ( tho  sharp  particles  that  irritate  the 
skin. 

Flexible-— Cotton  butt  may  be  ex- 
panded or  contracted  to  fit  any  ttnrl 


Easy  to  Warehouse  and  Handle.  <  HlVw 
far  more  *V"wpri»,s\Hibilifv.M  HiMjiiirrrf 
one  third  fbr  trurkitig  rt»d  wan»it*wf* 

npare  of  nrdinury  iiiMuIalioit, 
^  Simple    and    Bconomictl    to    Install. 
Haven  from  25  to  40  per  «'Hif  in  m^tn. 

Designed  to  Maintain  Maximum  Utility. 
Itiw.st.H  all  typi»w  of  d^terinnitiHn,  Wun*! 


ThickiM'ssrs    iiteiifs!  it 
Width    UK  20,  21  in,  n«i»fi* 

Htaudard  from  12  ft  up, 


in(  lifts  tmr 


("otton:  Iiinwlntiriic 


from  g!tt,f^  f 
Utjtitl  Itwiilst 
rnne  ftt.w 


f'i   J    Vi*!»r 

I,M '   o  ai 


fit*w 


and 
litnitkt<c 

;  V«rio« 
l;  No 

i>!isfj#»H 

r«  b«iiril 
i)  anti 


s    !}  «  <i*    |    fl  ,  2ft 
27 


1  H>2 


Insulation 


Owens-Illinois  Glass  Company 

Kaylo  Division    Toledo  1,  Ohio 


PHILADELPHIA 


ST.  LODLS 
TOLEDO 


Insulating  Products 


Kaylo  Insulating  Roof  Tile 

Kaylo  Insulating  Roof  Tilths  nre  pro-cast 
units  for  construction  of  non-combusti- 
ble, structural  roof  deek.s  on  Hied  or 
uood  framing.  Kaeh  tile-  measures  l>i  in. 
x  IS  in,  \  ,'W  in.  and  weighs  only  about  ±i 
His,  Although  lightweight,  Kaylo  Hoof 
Decks  arc  more  than  strong  enough  to 
support  typical  roof  loads. 

Kay  So  Hoof  Tile  is  predominantly  a 
calchifn^  {silicate,  or  combination  of  cal- 
ciuni  silicates,  plus  reinforcing  fibers.  Ad~ 
difmnal  strength  is  provided  by  reinfore 
inquire  mesh.  Density  in  about  20  pcf. 

K»>  lo  Hoof  Decks  otter  an  exceptional 
nmibifiaiioit  of  advantages:  light  weight 
I  hat  reduces  dead  load  and  affords  use  of 
lighter,  more  economical  supporting 
ntembere;  lire  protection;  thermal  iriKuhi 
turn  i"P*  with  built  up  roofing  (),!!>); 
little  maintenance  required,  and  excep' 
ijoitalh  e,w  application.  Light  n»flcc 
ttvif\  in  more  than  S<l  per  cent  and  the 
un»ier,side  of  a  Ka\lo  deck  provideH  an 
jfiinictive  ceiling,  without  li 


IY1*O  jf»>,*itifirft/  IjW  Tihrihtrbtut  insult  iiitdin* 
OftiH'iutitt  <>ttfl  wfwfH/i,  nf  Hwtttl  ift  trtxxl  nrint# 
A'wf  iittft>,  rtit  wtiuittl  timl  twtjjtHi  witt'iuil  w  tiitjttbd 
t*?i  dn  ft**-,  A'*II/!«  VI/M  nn  rii-ithj  /wivr/,  rut  uf  wwd 

Kiylo  Structural  insulating  Block 
KuUdSiruf'tura!  Insulating  Block  can  be 
d  with  \\ooil,  papcj\  me  fid  or 


litth*  vv«*i«;fit  uippnn,  2ii  pcfi;  in,sulnfic»n 
value  <"K"  iUI5i;  non  t*oml»UMtihii»ty; 
.?*i  met  tint!  ^treft^th  r  average  fiexural 

f-t  wig!  h     17^  psi  f , 

HJoek    ni/4'H:    \udllt8    12    Af    IS    I 
IfiigtlH     IS  A  ;if!  in,;  thifkne.«w**i     IJ 

tfi  m 


TEST 


*>/  A"a//^o  Mtrurhtral 
ImidatitKj  Hhx'k, 
shown  in  the  door  at 
the  left,  i'ndtr  the 
flame  conditions  the 
ordinary  wood  door 
on  the  right  /KM 
tmrned 
through, 


Kaylo  Heat  Insulating  Block  and 
Pipe  Covering 

,  limit  Insulating  lilock  and  Pipe 
V'vennjr  ;ire  compo^d  of  u  ^n^  ma{e- 
nal  which  alomi  efHcit^ntlv  insulates  tom- 
peratureHJrom2()()  F.  up'through  1200  F 
No  luldit.onal  material  is  needed  and 
one  covering  with  Knylo  insulation  often 
handles  conditions  which  would  nujuiro 
two  thicknesses  of  other  materials 

Kjiylo  beat  insulation  is  strong,  resists 
ettects  ot  moisture.  It  is  light  weight 
mpprox,  11  pcf)  wwy  to  handle  and  can 
l«M'Ul  and  htted  with  stnndard  tools 

ivn.vlo  Iteut  Insulating  Block  and  Pine 

ovennKhavcM  "K"  of  0.41  nt  100  mean," 

1  igldy  ethcient  at  medium  femperat-ures 

they  uefmdly  improve^  in  efficiency  alter 


. 

fniwltitinti  It  lock  in  availabh* 
fnmi  3  to«in,;fi.and  I2-in 
and  :-m  in.  lengths. 

0,  {''/"'  <tiwriny  is   produced   in 

Ntmnhlied  Dimennional  Standards  of 
thickneHHf»H  and  diameters  forsnug  laver- 
uiK,when  necessary.  Available  In  th'ido 
neHHCH  from  1  to  3  in,  in  3(i..ja.  nectioriH, 
lor  pipe  Hi/e.M  from  i  to  12  in, 


TYPICAL  KAYLO  II  mt 
in  ttn  «/*irfww-»/  tMtw  ht 

Vltt  U  Hi1'*/,  ihttH  ttftltrtlnL 


tiw  HI*  1  in  Mint 


I  HKt 


Insulation 


The  Pacific  Lumber  Company 

100  Bush  Street,  San  Francisco  4,  Calif. 
35  East  Wacker  Drive,  Chicago  1,  111.       5225  Wilahire  Blvd.,  Los  Angeles  36,  Calif. 


WOOL 


I'll!- 

4,-K 

•'•  if  '* 

Mji  v>i"v>ON^    "*"  s^  ''^  •'•"'•?  i'  •• 

ii;:;:;n^%;^fc>>;t,  ,5',., 
" "'"tC.  ^^'"'^C-v •- </  -7" '"""" 


Tjfpienl  indhnd,  <//  awtfyinff  1/1- 
ai^a/toH  /or  <%<;ii!uij;  fy  Co/dH  *SJfor- 
«//<•  building,  Hhtwiny  ru;>(>r« 


and 


l  ttp  plication  af  innutttiwn 
mjinu  far  jjltwf  <»/ 


InstaUatfan  of  a  /uK  fnur'imk 
thicknnt  ofPalw  W»(tl  in  ceiling 


PROVIDES 

EFFICIENT 

INSULATION 


Here  are  some  of  the  outstanding  qualifies  that 
make.  Palco  Wool  an  ideal  inwulation  for  either 
private  home  or  low-temperature  refrigeration  - 
now  thermal  conductivity  (0,255  Btu?  makes  it, 
one  of  the  most  efficient  insulations  in  u;-ufc  today. 
Paleo  Wool  is  entirely  self  supporting  find  will 
not.  settle  or  compart  innide  a  wall,  Permanence 
is  further  insured  by  its  ability  to  withstand  m*»is. 
tunv  due  to  itn  n< m -hygroscopic  «'haractt«ristieH, 
it  will  not  decay  or  det«»rioraf«\  Paleo  Woul  repels 
insects  and  vcnnin,  It  is  odorlesn,  afj<J  will  not 
absorb  odors.  Specially  proi'i»ssrd  I*a!eo  \Vool  in 
SafVri/,e<l  undcu*  an  exclusive  process  which  makers 
it  ilnm(»"proof, 

Th<;  low  cost-  and  htj<h  t*Hici(*ncy  of  Pah'o  Wool 
ma.ke  it  your  choice  for  home  or  cold  stom^c  in- 
sulation.  (Joiwtant  low  ti*mp<*rntur<»  f*»r  r**fritf»»r,fi« 
t-ion  '-yi^ar  *rotuid  comfort  for  homen  -these  nre 
tint  benefits  offered  by  i*alco  \V«w»), 
Writ©  now  for  your  free  ropy  of  Uuw  b* 
The  Cold  Storage  Manual  or  the  Hum** 


Check  These 

8  Proved  Qualities: 

1,  High  thermal  elficioney 

2,  Kconomy 
i'i,  Durability 

4.  Nrm-StH-f  leiiieut 

5.  Odor  rn«»f 
0. 

7, 

8,  Fire 


tnfttill&tiun  in 

PtdfW 
mujfttr  and  an  ^ 
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Insulation 


NEW  YORK 


Wood  Conversion  Company 

IVpt.  22(H)  First  National  Bank  Building 
St.  Paul  1,  Minnesota 

DKXVKR  BOSTON  KANSAS  CITY 


DETROIT 


EFFICIENT  INSULATION  FOR  EVERY  NEED 


For  many  years  a  loader  in  the  insula- 
tion field,  Wood  Conversion  C Company 
manufactures  a  complete  line*  of  flexible, 
liber  and  rigid  insulation  for  all  induH- 
trial  and  domestic,  purposes.  This  in- 
Kulntion  in  the  product  of  scientific 
research,  and  is  especially  designed  to 
emlmdy  the  most  desirable  qualities  for 
every  UNO.  Backed  by  the  name  of 
Weyerhaeuner,  Wood  Conversion  Com- 
pany insulation  assures  high  efficiency 
and  long,  satisfactory  service, 

Balsam -Wool*  Sealed  Blanket  Insulation 
H  ;i  flexible  insulation.  The  insulation 
blanket  is  made  from  new  wood  fibers, 
completely  enclosed  on  both  sides  and 
edges  with  heavy  asphalt  saturated  and 
coated  kraff  liners. 

Y*'»t>  <>f  research  and  constant   testing 
nre  behind  each  of  these   linlsam  Wool 
tVat  tires     am!  if  provides: 
«  Integral,  continuous  vapor  barrier 

*  Sturdy  wind  barrier 

*  Special  spneiT  flange 

*  1  )niiliie  bonding  of  mat  to  liner 


•  Rot  and  termite  treatment 

*  Highly  fire  retardant 

In  addition,  Balsam -Wool  is  manufac- 
tured under  rigid  quality  control;  proved 
by  more  than  a  quarter  century  of  ex- 
perience. 

K-25*1  Fiber  Pneumatic  System— The 
modern,  high-speed,  automatic  way  to 
insulate  domestic  refrigerator  cabinets 
and  doors.  Fluffed  to  proper  low  dens- 
ity in  the  manufacturer's  plant,  K-25 
i«  blown  into  cabinets  and  doors  under 
high  pressure,  forming  a  tightly  felted 
insulating  mat  without  joints,  "lamina- 
tions or  voids. 

Tuffiex*-  A  soft,  felted  blanket,  materi- 
al made  from  fleecy  wood  fiber,  combines 
high  insulating  efliciency  with  toughness 
and  exceptional  remHtanee  to  heavy  im- 
pact blown.  Tufflex  us  light  in  weight  and 
nonabnwive— \vill  not  tear  or  pull  apart 
even  when  cut  into  narrow  strips.  Tuf- 
flcx  in  available  in  rolls  or  nheetn  of  vari- 
ous thicknesses  and  widths. 


/i|*fi!f/tw  .V«  Wttoi  txtfrittr  Fituah  Applying  fflaham  Wml  KttiltA  Inmlnlian 

NU-WOOD*  STRUCTURAL  INSULATION 

Nu-Wood  Interior  Finish  -A  multiply  j      NnrWood  t Sheathing-  -  a 

f.  irpoHi*  WHIH!  fiber  niiilerial  available  in  j   turali'      "  '*'      ''      Jl * 

tile,  plunk  Mid  i)i»nnl.    Nti-Wood  IIIHU* 


est,  d<*<fornt**H  »nd 

iVo««I*«  ei»liti"rt  an*  wtft  an 
will  m»t  fitdt*.  The  Nu-Wood  intiirior 
littinh  Hue  IjicIud^H  Sta-  lit-c%  nit  iusulattng 
iittrrior  lhii»!i  with  inure  than  70  per  cent 
light  reflitction* 


25,  H2  in.  ntui 
H.  Asphalt  inipregnafedfor 


Kii-  ^   complete  moisture*  protection.  Available, 

in  2  ft  and  4  ft  wi<lth«>ngf  lw  Sft  to  12  ft, 


Nu-Wood   Hoof    Insulation-'Will    fill 

all  requirements  of  Federal 


tical  thickn«»». 


Furnished  in  any  prac- 


Insulation *  Reflective 


American  Flange  &  Manufacturing  Co.  Inc. 

30  Rockefeller  Plaza,  New  York  20,  N.  Y. 
Plaza  7-2200 


Reg.  U.  S.  Pat.  Off, 

STEEL  INSULATION 

FULLY  L'UOTI'XJTKI)  BY  IF.  S.  AND  KOKKKJX  PATKXTS 
ISSUFI)  AND  PKXI)L\(J 


nmde 


Ftirro'T/wrrn  installed  in  u  rnltl  ntiinttft 

Ferro-Therm    Steel     In.sulation, 
from  rigid  nteel  nheetH  with  aupcci 

coaling,  reilcct/H  00  per  cent  to  !>a  per  cent 
of  nil  radiant  boat.  Thin  high  reflec- 
tivity, combined  with  extremely  low  heat 
storages  capacity,  providen  maximum 
iiiHuhiting  efficiency  in  :t  minimum  over- 
all UiioknoHH* 

Saves  Pay  Space  and  Weight 

In  cold  storage  <umMtriwt.iont  the  number 

of  shcetM  of  Ferro-Therm  depcmdn  on  tint 
temperature  to  be  maintained  and  the  t! 
value  required,  The  k  value  of  Ferro- 
Therm,  buHOci  on  t<wlH»  in  liHted  in  the 
Data  Book  of  the  Anwrirnn  *SV>r/V///  vf 
Ittifrigvrntintt  Nnffintwri*  UK  0,220  !Uu  per 
(lir)  (,H<|  ft)  (UK  ttnnperutur**  dillerenw), 
Labt^ratory  toHtn  and  thoiiHitndH  of  upt>li* 
oatioriH  have*  deniorwtrat(»jt  thait  a  wall  of 
Ferro  -Therm  will  provlrle  Insulating  effi- 
ciency equivalent  to  a  wall  of  maiw 
insulation  approximately  twice  HH  thick, 


I          Assures  Rapid  Pull  Down 
I  of  Temperature 

!  The  low  heat  storage  capacity  of  I'Vrro- 
I  Therm  is  e\tn*mely  important  in  achiev- 
I  ing  rapid  pull  down  of  temperature  T  and 
i  in  snvinK  refrigeration  co«<s  fur  the 
|  initial  and  each  subsequent  cooling  of 
|  space.  Specifically,  I  he  heat  storage 
I  capacity  of  a  single  sheet  of  No,  ,*iS  gauge 
!  mO.Oiii*  Htu  pcrthr*  tmj  ft*  \  'F  tetnp»*ra- 
I  (ure  difTereneei.  Tliis  is  lipproxiiiutt^Iy 

I    IB  of  the  heat  storage  rapacity  of  I  wj 

ft  of  I  in.  thickness  eorkboanl. 

Permanent,  Fire-Proof 
Insulation 

I'Yrro-Thenn  const  ruction  eliniiitatr.s 
trapping  of  nioisfun*  conii»*Hsaf*»%  with 
subsequent  drterioraHon  of  the  construe  - 

lion.  AH  it  is  al!'tu*"fal,  Kcrro  -Therm 
cannot  be  penH  rated  by  r»Mli*t»tH,  v**rini« 
or  t-ennites,  ami  is  absolutely  noit«i*otn- 
Inwfible,  Tin*  vabie  of  FerrM  Th<»rt«  for 
lire  protection  in  apparent. 

125'"  Below  Zero  Maintained  in 
Altitude  Test  Chambers 

1'Yrro  Therm  has  provi'il  if.s  ^iij»*«iriMrity 
In  builtiingK,  **«»l«i  storage  roonm,  r«*frig«*f« 
filed  cabineLH,  lurki»r  roonj.s,  dry  in*  rwi* 
taiiier«»  ri*frigeratrM|  railway  car  «*«M. 


storage  tankH    iti  f«ct.  jir;tt*f  ii'nlly  <*v*'ry 
type  of  application  where  hi^li  tii«ul;if  ing 
efheicwy  with  ri*<»noiiii**n  in  wp^ei'  ,'iiid 
weight-  are  u  reijuwiti*,    Th«*  most,  n<*t.^« 
blis  deitioHHtrutj<ifi  nf  Fern*  Tiit*riu  per- 
fortuunr**  IIJSM  bi*»»»  it,n  si*ii*t*fj*iti  ff»r  t!je 
n  of  aittttiiii*  clmmtH'rw  f'«*r  the 
*»f    Affity    ami    Nnvy    aviation 
it     un*!    p«*rf4oniKil  ,     In     th«»wi 


—  ll&VF  WIT**  jftaifjtaitM'fij  with  a  titiu* 
poratun*  drop  of  fTit'F  to  -70'K  in  10 
to  1*2  min. 

\tittndinnhillrttittn  rfrttiiii 
/'ferr0"5'/w;rm,   will   te  »««!    «;w«    My  WAI. 

MOO 


Insulation 

Infra  Insulation,  Inc. 

10  Murray  Street,  New  York  7,  N.  Y. 

Telephone:  COrtlandt  7-3S33 
THERMAL  FACTORS  OF  INFRA  INSULATION  AND  DRY  ROCKWOOL  EQUIVALENTS 


Type  6 

Down- Heat     C.044    R  22.72  *  7. J"  Roekwool 

l*p  Heat          C.OSO    R  12,5  -  -I"  Rockwool 

Wall  Heat        C.073    lUtf.OU  =  41"  Rockwool 


Type  4  Jr.,  in  ONE-INCH  Space 
0.097     R  10.30     =     3T  Rock  wool 
(1194    R    5.15     =     \y  Rockwool 
C1..15()    R    (>.6G     «     2'"  Rockwool 


Infra  Insulation,  Type  0,  is  a  tough  tt-aluminum-sheo.t  insulation,  with  0  heat-ray - 
roiloetivo  surfaces,  plus  two  outer  reflective  spaces,  and  four  rows  of  inner,  alternat- 
ing, reverse  triangular  air  spaces.  (Total,  0  spaces.)  It  is  easily  and  quickly  installed 
between  \\ood  joists,  furring  strips,  and  between  stool  trusses,  metal  beams,  and 
girders.  The  normal  installation  rale  between  wood  joists  is  2,000  sq  ft  a,  day.  The 
I ;!  eu  ft  carton  contains  500  sq  ft,  weighs  40  Ibs,  Standard  width,  for  12iuM  10  in,  and  24 
in,  renters;  standard  Typo  4,  for  12  in.,  10  in.,  24-  in.  centers. 

Heat  flow  through  wall  space,  which  is  air,  is  5  per  cent  to  7  per  cent  by  Conduction; 
lf»  per  ct'Jit  to  2S  percent  by  Convection;  and  by  Radiation,  05  per  con  Uo  SO  percent. 

\BS<  HU'TK  )N  and  RADIATION' :  Kaeh  of  Infra \s  0  aluminum  surfaces  THROWS 
B  VCK  il"  per  cent-  of  the  heat  rays  which  strike  it.  As  onrittive  surfaces,  they  omit 
ONLY  H  per  cent  of  heat  actually  absorbed  by  conduction,  convection  and  radiation. 
Praetieally  all  imilding  materials,  including* ordinary  insulations,  absorb  and  emit: 
M  per  rout  of  heat  rays,  against  Infra's  3  per  cent. 

( 'ONDH  TION  ;    Onesq  ft  of  Type  0  Infra  weighs  only  1J  OH,  has  only  IJ  eu  in.  mass. 

The  ratio  is  1  of  Infra  mass  to  -Wl  of  low  conductive  air.  Ordinary  insulation  has  a 

ratio  of  1  of  mass  to  2'i  of  air. 

CONYKCTiON  and  VAPOR;     Kachof  the;i  tough  aluminum  sheets  of  Infra  has  %KRO 

pounoal'tility  to  all  KUSOH,  including  heated  air,  cold  air,  and  water  vapor. 

\<>N  CONDENSATION  -FOHMINO;   The  tt  aluminum  sheets  together  with  TWO 

inner  aoenrdion  .separators,  wliich  permanently  prevent  metal  to  metal  contact,  form 

KOCH  inner  rows  of  alternating,  reverse,  triangular,  reflective  air  pockets,     I  he 

roit^f ruction,  and  the  lack  of  weight  for  heat  exchange,  intake  hilra  Insulation  ulwo- 

hitelv  non  nmdensation  forming.  Neither  can  it  absorh  or  store  moisture. 

Infut  hihulntiitn  uses  W.f>  per  cent  pun*  .(HK)K  in,  aiul  .0015  in.  aluminum,  mink  in 
•icronhnre  with  special  Infra  eniissivitv  reqmrementH,  It  has  15  Ibs  and  2S  Ibs 
i,ui>tir'itf  Hfrengfh  «MulIen  ti^t  I,  5IK)  pen-  cent  to  1700  per  cent  greater  than  ordinary 
toil*  T!tefenr5it«HtrenKtliiH20gramHand04  grams  (hhnondorf  test ).  I  hoHpeomllibor 
Hi'puniior?<  are  permanently  flnme  proof,  mold  proof,  and  vormin-prooL 
FIKt;  STOP-  Since  Infra  emits  practically  no  heat  rayn,  an<l  since  aluminum's 
hu'hin^  p<»inl  is  lltfo  F,  it  is  an  ellieient  lire  stop, 

S  \\  ITAIf  V ;  Infra  in  unnhary,  inhcwpitablo  to  vermin,  and  I)<)KS  NOT  RETAIN 
i«|V«'x  \Ii.flmiiM'H  like  to  work  with  Infra.  It  m  Cl.HAN,  free  of  Dlhl  or  lint,  with 
from  HfwliiiK  purticieH, 

INKHA,  TY1»H  4  JH.  in  half  fj)  inch  in 
depth.  CaitbeuH(kdin  1  in.KpuceH.between 
furring  Htripn  in  brick  or  manonry  \MI!  1«; 
around  metal  ductn;  and  under  floors* 
ordinary  or  radiant  heated,  between  ceo 
nornieiti  1  in,  furring. 

Write  for  a  copy  of 
the  new  41 -page  edition 
of  our  authoritative 
manual,  "Simplified 
Physics  of  Thermal 
Insulation," 
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Insulation 


Manufactured  by 

Reflectal  Corporation 

155  East  44th  Street 
New  York  17,  N.  Y. 
HEAT  INSULATION  for  ALL  PURPOSES 


Alfol  Building  Blanket  -for  all  Typos  of 
Building  Structures. 

Alfol  Building  Blankets  consist  of  Hpaml 
layers  of  Alfol  Aluminum  Foil  Insulation  «t- 
ta,ch«*(i  along  th<v  odgcs  to  a  liner  sln»c»f  of  heavy 
vapor  proof  paper, 

Pat'kngwl  in  handy  rolls  «>f  U"»0  sq  ft  <wh  for 
use  on  tl!  inM  Id  in,,  'JO  in.  or  -I  in.  cantors, 
Weighs  less  than  '  n,  !1>  per  sq  ft 

*  High  Insulating  Efficiency 

*  Positive  Vapor  Barrier* 

*  Low  Heat  Storage  Capacity. 

*  Negligible  in  Weight. 

*  Moisture  Proof. 

*  Durable, 

*  Odorless  and  Clean* 

*  Easily  Applied* 

*  Low  Cost, 


Specifications 


T.VI**    r 

I  1  nycr 

II, 


nv«*i  ' 

in. 


*AI,H 


NVi  \wi 

iir  i»."  ar  &w  n»i  ft 
in"  ytr  a*''  .V*M  ^i-  ft, 
ir  ur  ui*  'jM?«i'  ft, 

!»;*  2«"  24*    2»IJfl-i   ft, 


Htundy  ^aefsnff^-SSQ  *%  Ff  w/  Jn*ula(i'0n 


ALSO 

0  ALFOL  PREFABRICATED  INSULATION  PANELS 
For  TaukH,  Towero,  And  All  Types  of  Hoatttfi  Kq«ipnw*nt, 

•  ALFOL  ASBESTOS 

Aifol  Aluminum  Foil  lumtlaibn  LainiitfifHlTo  AHiwHtos*  Fur  Oyi*iw, 
Ja«k«tH,  Hot  Water  HoatorH,  Ami  All  High  T«i«i>«tnitun'  fii*»hti»w  1" 


\Vrt«ht 

;  ii  w, 


*.  H»»ih*r 


•  ALFOL  JACKETING 

Heavy  Itainforwl  Paper  <;«i«bir«'d  With  Aifol  Alutuinwin  K«*il*    !*rovltli*« 
tion  Ami  Vapor  Barrier  In  Onu  ('«nvRiii**«t  Fornt.    For  Ki»frwrat»r  I  nrw,  Irwrkw. 
H,  TrailcsrH,  Ktc. 

Write  for  complete  infonnttion,  ctttlogs  and 
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Insulation 


Silvercote  Products,  Inc. 

161  East  Erie  Street,  Chicago,  111. 


SILVERCOTE 


\  N  5  ULATI  ON 


Silvercote  Heat  Reflective  Surfaces— The  silver-like  surface  of  Silvercote  reflective 
insulation  con«int«  of  a  polished,  heat  rellective  coating  applied  to  a,  special  kraft 
paper.  The  importance  of  using  a  ftilvcrcote  radiant  heat  reflective  surface  in 
modern  building  coiust ruction  Ls  obvious  when  it  us  realized  that  from  50  to  SO  per 
mil  of  the  heal  transferred  across  ii  normal  air  space  is  in  the  form  of  radiation. 


REFLECTIVE  SHEET  INSULATIONS 

Silvercote  Duplex  A  thin  flexible  vapor 
barrier  and  insulation  consisting  of  two 
HhiH'fH  of  Silvercote  paper  bonded  to- 
H«»t  her  wit  h  asphalt  .  Thin  material  ,  con- 
tuining  two  oxpowd  Silvoreoto  surfaces, 
wifthM  approximately  65  Ibs  per  thousand 
,HI{  ft  and  IH  manufactured  in  500  «q  ft 
r»»!!rt  in  widtlm  of  $(\  in,  or  52  in.  to  span 
two  10  in,  or  21  in.  standard  framing 
Hpiiri's,  These  widths  permit  how  -in  of 
tint  SilvtTeoto  owr  the  room  Bide  of  the 
f  rawing  members  to  form  an  air  apace 
bi'twwn  the  insultttion  and  the  interior 
fmttfh.  Tin*  water  vapor  permeability  of 
Silvwot**  I>uph%  when  tested  in  acconl- 
finn*  with  th<*  dry  method  AKTM  tenta- 
tive standard  ('214-47  and  Hubnoquflnt 
modinVutiww,  5«  0.2,1  grains  per  nq  ft  per 
hour  JMMT  inch  of  mercury  vapor  pre«Bure 


Sllwrcote  Simplex  -  .....  An  economical  vapor 
jirn»i*abil«*  reflertive  Innuhition  <lf»8iKW?d 
for  UK<»  \vhiTi*  it  viipnr  harrier  IH  not  re- 
d,  Silvercotf*  Simplex  i«  a  singles 
'»f  jwpcoiHl  kruft  pnpor  coatecl  on 
both  Hi*I**H  with  t!w  Hilvcr<*otn  «urfaco. 
It  winghs  wpproximut^ly  30  lh«  j»»r  thou- 
hun*l  HIJ  ft  wnd  in  miimifttftiirwl  In  500  «q 
ft  ff»llps  in  Htl  In,  or  52  in.  widthfi  to  apan 
two  10  in,  w  U'l  in.  Htandard  framing 
Hpur«*H.  Th***wt  wldthn  |K*riuit  Imw-in  of 
flit*  HilviTrrjt^  OVIT  tfw  i*xt,i»rlor  wulft  of 
t  i»»*  f  nuuinn  nminbi'tH  to  form  an  air  «pac« 
ttt**  inMuIittittn  and  tho 
Ttit*  water  vapor 
nbiisty  of  Hilv««rrot^  HiinpIi'X,  when 
|f*»i*Mi  hi  n<fcorfla«(*<«  with  the*  dry  method 
AtiTM  Irntnltvi*  slandard  (''21447  and 
]RUbH<;qti^ut  mofiifu'fitionH,  in 
pt»r  «(j  ft  P<T  hour  pi*r  iw»h  of 
vapor 


REFLECTIVE  BLANKET 
INSULATIONS 

Blanket  Insulation,  Silvercote  on  Vapor 
Barrier  Side -"A  popular  building  insula- 
tion available  in  various  thicknesses  and 
faced  on  the  vapor  barrier  side  of  the 
blanket  with  Silvorcoto  paper.  Manu- 
facturers of  thus  typo  of  reflective  blanket 
apply  an  asphalt  coating  to  the  back  of 
the  frVilvercoto  paper  for  the  twofold  pur- 
POHO  of  bonding  the  insulation  material 
to  the  Silvorcote  j>ap<^r  and  to  lend  vapor 
reHwtiint  properties  to  th<»  blanket  at  the 
room  Hide  of  the  insulation.  The  oppo- 
site Hide  of  this  type  of  reflc^etivo  blanket 
in  a  plain  kraft  liner  perforated  where 
necessary  to  allow  ooinpn»HBion  packag- 
ing and  alw)  to  ansure  ampl(?  water  vapor 
permeability  at  the  so-called  breather 
side  of  the  blanket. 

Reflective  Blanket,  Silvercote  on  Breather 

Side-  -This  product  waft  developed  for 
application  in  structures  where^only  one 
air  space  adjacent  to  the  cold  side  of  the 

blanket  is  available.  An  air  space  faced 
on  one  Hide  with  a  Bilvercote  surface  will 
have  approximately  equal  effectiveness 
whether  formed  on  the  vapor  barrier  or 
the  breather  side^of  the  blanket.  Since 
Bilvercote  paper  IB  in  itnelf  not  a  vapor 
resistant  material,  it  can  readily  be  used 
on  cither  Hide  of  blanket  innulation.  The 
required  vapor  barrier  on  the  room  side 
of  blanket  insulation  IB  provided  by  the 
asphalt  bonding  agent. 

Reflective  Blanket,  Silvercote  on  Both 

Sides— A  de  luxe  insulation  material 
utilizing  thn  maximum  insulation  value 

of  blanket  insulation,  air  wpaees  and  boat 
reflective  surfaces,  The  vapor  barrier 
Hide  of  this  reflective  blanket  is^Hilvcr- 
coto  paper  bonded  to  the  insulation  rnti- 

tcritif  with  mi  asphalt  vapor  harrier  ad- 
hesive, The  breather  side  of  tins  efficient 
insulation  is  therefore  pkin  vapor  per- 
meable Bilvercote  paper. 
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Testing  Laboratory 

United  States  Testing  Company,  Inc. 

ttst.  hssn 

Main  Laboratories 

M  15  Park  Av<\,  Hoboken,  N.  J. 


PHILADELPHIA,    PA.  -< 'IIICAUO,    ILL,  ~  Lo*   AN<;KLKS,    <\LIP.     Dr> 

\YoONMOClv  J',T,      H,      I,*-"B<  liVroN,      M  \ss.    M 


H,      (  '<U,O.       X  I  \V      Y<»HK»      X,      V. 
i'III*.  Tl.NV 


The  I'nited  Males  Tcstiny  Conipanti,  Inc.,  /,s%  out*  of  America'^  luidtntj  unit  pendent 
tentiny  and  research  Idhomforicx.  Hstabljsheti  hi  /«S\SV/,  //  /,s-  twin  a  nn  institution  knnim 
and  recount  zed /rotn  count  to  coa.st  -on  institution  trhosc  seimtifie  ji  ndhi  ifs  nn  turtjited 
(js  impartial  and  unthorittitive,  />//  every  hranch  of  American  induct r if. 


<i  hnwatl  the  mrrfiMirit  fttutitwrnt  tn  ivnt 
and  mtc  hmtiny  builcm  in  ntrtn'tftiwt'  with 


In 


Our       Mn^inrcriu^       Lahorafory       is 
<M|nipp<Ml  with  all  fho  rM»crssnry  apparn 
(us  to  conduct  tosls  on  domestic  heating 
!><)il(»rs   for  <lcfcnnina{ion   of   fuel    con 

sumption,  draft  .loss,  stack  iempiTaturr, 
steam  t  quality,  Btu  output,  Hue  WIN 
analysis,  and  overall  efficiency.  Hating 
tests  are  performed  according  lo  either 
the  ti.HJ.  or  fJIJt.  codes,  as  \\elj  as 
under  simulal<nl  operitting  conditions 
for  <!ev«»lopmenf  purp«»,ses, 

Wat<kr    Inhalers    can    he    suhj«' 
capacity  tents  under  iud*'  tnu 

requirements  and  varied  heali!*^  loads, 
Hefrac'tories,  fui*l  additi\i»s,  valves, 
pumps,  burners,  and  heating  ;icces>«»rii»K 
of  many  types  «n«  ev.'tliiatrd  seieiitiftcails 

in  our  lahoratorie.s, 

Other  fnc*ilifies  inrhitle  nil  the  nec*\« 
sary  etjulpnietif  for  cottduefintf  exhaus 
five     tests     on     jiir     rl**anmjj;     de  vires 
according  lo  accepted   iinpiwniciit    or 
the  more  ree(*nl  di,Hei»loraf  inn  method^. 
These    lesls    iua\     l»e    pt*i'forii»f«I     wifli 
either  artificial  ur  natural  diMi*.  iiudf*r 
an  almost  iulinile  vitriel\   of  Hu\\    rat«*M 
and  dust  feed. 

OilYtiHertf,  griHexk  rejcinterN,  aud  dtir! 

venfilntorK  »re  regulnrh  ii^f**d  ami 
rale*!, 

SOUND  MEASUREMENTS 

Mf'HHIH'MItf'flf  J4  of  iHHIIjd  Iliisorp 


mf*nl^  »n*  h$il 

S\u»  of  ihe  typical  fe^Ni  in:idr  <fSi  ,1  wii'.ut 
vsiiiety  of  building  iu;sfcim!», 

Fi(*!«l  find  I;ibonilo!\  tf^t*.  un*  i't*^ulnrh 
roiidiicted  for  dHHiftiiiaitHii  nf  ^inntl 
ifiteiwit,y  in  tin*  ;tti«iihif  ruiigi*. 

Our  e\perf«  nn*  j»v»ihii»lf*  ft*r  rotirf 
testimony  in  roiiiii»i»flofi  \\ilh  any  of  flu* 

fewLs    wi*    perform,    in    Mtppotl    of    our 


Write  for  Dtwriptiv**  IJ  ternt  tin*  ;iiid 
Pricit  Li«f  , 


Air  Filter  bwt 
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ditioni  ng  theory  and  applications  in  more 
than  300  current  publications  through- 
out the  world.  Prepared  by  a  staff  of 
experts,  it  is  invaluable  for  those  en- 
gaged in  research,  design,  or  in  explora- 
tion of  unfamiliar  fields.  Five  issues 
annually  at  $7.00.  Subscriptions  can  be 
predated  to  include  the  January,  1946 
issue. 


The  most 
rapidly 
growing 
magazine 
in  th® 
refrig^ra  tio  n 


I  UN  it  zieknowl  edged  the  moKt  au- 
*Jfhorifative  periodical  in  the  field, 
/iVfyif/mili^j;  tintjinwriny  ban  added 
**te;ufily  to  tin*  practical  value  of  HH  con- 
tents, and  itn  number  of  rendera  han 
grown  in  proportion.  A  wide  variety  of 
material  w  presented,  all  from  the  view- 
point of  J!H  UHefulniJHH  to  tin*  reader  in  his 
mui  IniHmesB,  Tim  nwpjH/ine  in  a  miwt 
fur  men  who  keep  in  touch  with  all  that  i« 
new  iunl  important  in  refrigeration  and 
uii  emtditiomng.  The  annual  Mubnerip- 
l"inu  priee  i»  St. 

ASRE  DATA  BOOKS 
\ie  essential  t  uuls  in  tin*  refrigeration 
at  id  air  e«m»iitioniitK  iwhwtrieH.    It  IMH 

breti  |itth!i;ihed,  tiienuUilly  HJnee  ^ltKi'2  aud 
nppenrti  in  two  volume**,  puhli«lied  al 
frriettely    tim  Hu«i«  volunuf,  now  in  itn 
fli\lh  t*«fttion,  a  wtandaril  reference  work 

which    <i*'ulH  with  refrigeration    eydew, 
futuhiineiifni  <btJi,  induHlrtal,  domestic, 

iiini  rMJiiiiierria!  rtyMtetiw,  and  mr  rtm- 
4tfif*iati«;  th«  App!iimtion«  volume, 
nm/itMiutf  wholly  of  pritclical  how  it -in 
ii»p»f  rlisiptern  on  nil  the  known  uppllcu 
ti«*uM  ojf  refrigeration  and  uir  coud 
lug/  The  rnirreitt  ffiitiou  w  dated 
\*HliiiiieH  well  for  J7.0U  and  $O.IK> 
tivtflv  in  lli^  V>*  S. 


APPLICATION  DATA  SECTIONS 

SOME  40  bulletins  are  available  sepa- 
rately at  reasonable  prices  for  single 
copies  or  quantity  orders  and  can  also  be 
had  bound  with  a  paper  cover,  the  com- 
plete net  for  $10,00. 

The  APPLICATION  DATA  Sort  ions 
toll  precisely  how  refrigeration  is  used  in 
various  fields,  giving  examples  and  spe- 
cific information  on  the  best  practice  up 
to  date.  Some  of  the  subjects  covered  to 
date  are:  refrigeration  of  locker  plants, 
fur  storage,  restaurants,  liquids,  apples 
and  pears,  skating  rinks,  butter  and 
cheese  making,  citrus  fruits,  IwcrdiHpens- 
inK»  retail  stores,  wine  making,  load  cal- 
culations, operation  of  ammonia  ma- 
chines, meat  packing  plants,  etc. 

CODES  AND  STANDARDS 

npHK    ASRK    further    contributes    to 

A  refn$eratum  progress  by  its  partici- 
pation in  establishing  codes  and  stand- 
ards in  the  industry.  Among  the  recent 
codes  made  available  tire:  Methods  of 
Hating  and  TestiriK  Air  Conditioning 
Kquipmonl,  Mechanical  Condensing 
Units,  Self-C'ontmne,d  Air  Conditioning 
Units  for  Comfort  Cooling,  Refrigerant 
Kxpanmon  Valv«Ht  Evaporative  Cou- 
dmwwH,  Wuter-C(*olcd  Kofrigwant  Con- 
denserw;  Safety  (-ode  for  Mechanical 
Refrigeration ;  Recommended  Practice 
for  Mechanical  Refrigeration  Installa- 
tions on  Shipboard.  A  complete  act  is 
available  for  $5.00, 

MEMBERSHIP  ACTIVITIES 

IT  is  the  policy  of  the  AHRK  to  treat 
in  its  meetings  current  mibjeeta 
touch! itg  upon  all  phases  of  the  art  of 
r<»frig<*nttio».  Membership  is  in  several 
gradei-i  with  <iiu»«  from  $10  to  $1H.  aSco- 
tioim  hold  rne.etingK  in  29  principal  cities. 
Mow  details!  information  will  be  Bent  if 
VOU  Wiifh* 


REFRIGERATION  ABSTRACTS 

A'  JOURNAL  *U»votwf  to  alwtn«*t0  of 
nil  worthwhile  article  upjHtrtring  on 

flu*  mlitwt  of  refrigeration  autcl  air  wm»     .. 

^r.ufs?K%&^^ 

ENGINEERS,  40  West  40th  St.,  New  York  18,  N.  Y. 
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Coal-Heat 

Published  at 

20  W.  Jackson  Blvd.,  Chicago  4,  Illinois 
Phone  Wabash  9464 


FOR  information 
on  the  use  and 
side  of  slokeris, 
coal  an<l  coal  heat- 
ing; equipment,  you 
can  turn  to  CO  AL- 
II MAT   with   com- 
plete confidence. 

Here  Is  a  maga- 
zine  that   appeals 
to  every  man  con- 
cerned   with     the 
market,    u«e    and 
nalc    of   solid    fuel 
and  modern  heat- 
ing       equipment. 
Having  long  since, 
recognised  the  im- 
portance of  prof>- 
orly  designed  offi 
eiently     opcrnled, 
properly         main 
tained    equipment 
to    the    successful 
use    of    coal,    and 
therefore     to     the 
welfare,   of   tht?   coal    industry, 
11  HAT  constantly  emphasises  the  signifi  • 
canc.o  of  the  "equipment,  fact  or1*  in  heat 
ing  merchandising. 

H  in  only  natural  that  COAL-HKAT 
wan  the,  first  trade  magassiiM  to  recognise 
and  promote,  the  small  stoker;  to  intro- 
duce many  new  development  in  coal- 
hurniiig  <!<iuipnutut  to  further  fuel  con- 
servation; to  support  the  UH<»  of  tluBt!e«s 
treatment;  and  to  urge  tlie  Hide  of  equip • 
ment  by  coal  men, 

COAL-HKAT  haw  at  itH  diHpowil  an 
almost  unlimited  number  of  wwrcw*  of 
authentic  informittion  on  the  Umlm  it 
covers;  itH  articles  are  written  by  the  bc«t 
informed  men  in  the  coal,  «tok«»r  and 
heating  imluHtruw,  It  eitioyH  quiti*  a 
following,  not  only  among  tne  mtmt  pro- 
groHBive  merchanin  in  thews  nidtwtne«, 
but  nmoug  the  hidiiBtry'n  Itjading  com- 
bufltion  and  heatirig  luigfucterfi,  For  yimre 
it  has  championed  the  importance  of  the 
fuel  engineer  to  the  coal  and  stoker  In- 


Outstanding 

Coverage 

of  the 

Coal  and  Stoker 
Industries 


dustrics,  and   each 

year  prints  many 
articles  /*»/•  and  /»'// 
fuel  engineers. 

COAL  HKAT's 
fundamental  edi- 
torial poliey 
further  the 
satisfactory 
and  sale  of  »•<: 
modem  coal 
ing  equipi 
It  actively 
ports  the  ,'ij 
fiois  of  sei 
and 


in  **fo 
nmn1 

tiw» 

al  and 

hunt 

ii»!if  ,M 

sup 


U.He     uf     coal 
coal    i*  u  r  11 

e  q  II  i  p  Men  f 

covers     both 


i   tin* 

and 
i  ii  n 

.  If 
flu' 
uinl 
tin* 


With  over  u  million  stokers  in  use  to 
day,  the  importance  **f  t'^AI*  IIMAT'w 
field  w  clearly  evident.  It  h?M  In^u  awl 
isCOAI*  UKATV  job  <o.suppl>  eo«f  nm{ 
stoker  men  with  tin*  iiit'orta;»fb«ii  they 
need  to  insure  M;ittsfii**tioH  for  stoker 
UHi*rs,  Thi»  Hiiitie  in  tru«*  withJuiiMi  fin-fl 
h(*ating  plautn  and  nil  ki««b  of  huusehohi 
and  c;ofit!iif*rajil  c«ml  hi/fttiuK  «*quij*tiif*iit., 

lu  addition  to  providing  its  ri'iitlew 
with  a  husir  and  diversified  editorial  nro 


f*;iiigi+  of 


tnunbi*r  of  books  :tfi*I  booklet^, 

mid  rt'printH  roveriiig  u 

HubjiT.Irt  i>f  iiiti*ri*«l  f.fi  ri 

lu^jitiiig  men,    Jls  «<*ri«*«  of 

for  the  roiiHUUMT  havi*  pr*»xvil  nnrtiru* 

hirly  popuhir.    Tlie^e  :ir«4  ;iv»ii»bh*  at 


y«*ur, 


for  t.wc» 
and 


t 

in  i?niii*tl 
rati*«  p 


tion  will  be  furnished  upon 
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1801  Pruirio  Avenue,  Chicago  16,  Illinois 


EFFECTIVE  2-WAY  COVERAGE 

OF  THE 
PLUMBING,  HEATING  AND  AIR  CONDITIONING  INDUSTRY 


Tojsi'U»»r  no.MKSTIC   K\<;INKK1UX<!  mid   DOMESTIC  KNCUNEKRING 

r  \T\LOU  D1KKCTOHY  cortHtHute  tho  backbone  of  every  well  conceived  promo- 
tiott:tl  program  in  the  healing,  plumbing  and  air  condilioninp;  field, 

Tn^thiT  DOMKSTU'  KXCHNKHHIXCJ  and  DOMKHTIC  KXOINKFJUNG 
('  \*I\\I/K  t  Dflll'X*T<,)It  Y  oITrr  you  ycmr  practical  t^coiU)Uncahuid  (Affective  approach 
I  iMhiHtTf»m«*iid«MiHnmrk«M/r<>K^tlMMMiH\vaffonly<iu<^ff(Krtiv«  two-way  cove  of  the 
important  buying  fartoi'H  that,  iuak<*  up  thtH  field. 


Tht;  variinw  helpful  facrilifi^K  of  tho  DOMKSTK-  KN(HNKKIUX(»  or 
arts  at  tlm  di^ponal  of  ovitry  manufacturer  of  heati»K»  phuuhing,  air  cion<litioning  an<l 
i'i*!;tfc!d  j»rodu«fH  who  UKOH  advertiwiiK  Hj)a«o  in  either  of  theHc;  publicatioiiM.  Thone 
imittitio  C'atalog  i'r«jpurat-i««iand  Hcpriating,Manufa(sturerH*  Itctprcwuttative  Service, 
MurkethtK  ancl  !{<m*arch  awiwtuwce,  List  liontal  and  Mailing  Bervi<:eM  and  many  other 
ftiwtioiw  that  arw  equully  vital  to  <*oiuplet(t  and  effective  product  merchundi«Xiig- 
If  you  are  not  enlirely  faiuitiur  with  th<*«e  publications  or  thewt  (iBttcntial 
Your  Advert  iwitg  Atfwitfy  or  write  direct  for  detailed  information, 
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232  Madison  Avo. 


Fueloil  &  Oil  Heat 

LKxingfon  2~lf>(>(> 


Pacific  Coast  Representative 

DON  UAKWAV  «&  <  "'o. 
420  Halliburton  H1<1«.,  Los  Anglos  14,  Oil.  -Kiiirfsix  Sf>7(i 

Chicago  Ollice 
549  \V.  Washington  Bl\d.     Kimuicial 


New  York  16,  N.  Y. 

Baltimore  *! 
i*  o  Ki.Ki/r  Mi  t  !JNLI-:Y,  IM  . 


Tt/l 


A,  l£.  ('outruN,  KoiiKitT  (Si 

/iVWor  HuHHH'tw  Wt 

AUTIItm  <  J.  WlNKliKK 


OIL  HKATIN'd  is  a,  vertical,  inte 
grated  industry,  Helling  through  the 
name  retail  outlets:  oilhunicrs,  oilfircd 
heating  tmd  ?iir  condit  iotiing  eMjuijnuont  , 
urul  fu<kloil, 

StnrtinK  about  IS  yi»;ir,s  ago,  thin  iah* 
gration  of  fu<kl  nn<l  (  fto  ofiuipinrnt  i«>  hunt 
it»httHKrown  unlil  in  l',M!)  I  wo  jhirdn  of  nil 
*»quipin<*»t  fim-h 


nuui(*  by  coinp.Mnu»«  thai  nlno  .supply 
fufd,  nrul  about  tlu'tM*  lift  IKS  of  all 
oil  wan  Hold  bav  <'oinpMni(*s  also 


KUKLOIL   ^  OIL   HlvVT,  (he  only 
publication  actively  t'overintf  l»olli  the 
and     fiKdoil     idtrtroslH     of 

wan   ortfanixod    in    t!)22,    If    ih 
an  Ih*1  dorniimnt  editorial  and 
advert  iwing  Mource  for  all  heating  eon 
iraetofH,  fue.loil  deal  em,  funuicenten  and 
othern  who  actively  Hell  oil  healing;  U!HO 
for  the  many  nuinufaeturerH  who  eulti 
vale*  thin  vawt  !UMrk<»l  for  their  prodtirtm 
and  HervieeM  through  our  low  -eonf  ad 
vert  JKing  Hpaee, 


Apju'oxiniately  31K)  manufacturers  of 
<Ioinesti(t  oilburuerK  and  integral  units 
are  now  in  production,  with  a  doxen  of 
these  supplying  about  half  of  the  total 
out  put  , 

Dealers 

Largest  outlets  for  oillmrners  and  re  • 
lated  e(]uipinent  in  1!M!I  continued  to  be 
tlu»se  firms  who  specialized  in  ihad 
largest  <lc»llar  v«»!uine  in  '  oilburners  or 
fueloil,  and  t\vo  groups  accounting  for 
77.  (i  per  cent  of  all  oilburner  retail 
business.  The  balance  wan  divided  among 
eoal  eompanictt,  who  liave  added  tfucloii 
depart  m<*nts  and  sold  ."i.5  per  cent  of  I  lie 
nilburnei\sf  oilhurner  wervic**  coinpanif^. 
«,'.>f  /  .  general  heating  denim**  and  con 
fractorH,  who  stdri  (>,r>  pi»r  cent  of  the  oil 
burners,  \\ith  the  remaining  7..1  per  cent 
sold  b\  a  variet)  of  dealer  f\pen» 

(  'hief  purchaser  of  doin<>.st  ic  nilbunu*rs 
Was  <  he  honiet>wner  who  hud  been  shovel 
ling  coal.  Of  all  HH'J  oiltnirner  instalia 
tions,  5.'{,«r>  per  cent    repi:»cp*l  haudfireti 
coal  in  old  homes,  HO'J  per  ci»nt  went  into 
new  honie.s,  10,1!  |>**r  eenf,  replaced  old 
oilburni»r.s,  5,'J   per   cenf    r^piacert    coal 
Klokern  and  0,!i  per  cent    replaced   ga> 
heating  btirners, 

As  the  home  building  pt'ogrant  got  into 
full  Diving  in  Itll!*,  disdet's  gav**  it  inneh 
more  utt«»ntion  fliatt  pri*v»*m,slv  in  the 
postwar  |«*riod,  nince  they  had  ample 
biirnern  available  altove  the  numbers 
needed  for  the  inon*  profilahle  individuai 
iMntv<*rwion,s  from  riKi!, 

!>uring  Ihn  >e»rH  niist'f  tin*  \\ut  *'iio*«*d 
and  rent  net  MUM  on  oil  bunting  w»*n* 
lifted,  the  fuetoit  «fbfHt*ttt**r  Iwm  I«;i*I  » 
very  strong  gainiinirtntial  vulnme,  At  the 
begiitfiing  of  I1*f!*  thf*  ntuuher  ol'oilhealed 
homes  in  I  he  country  \\m  7t»  JH«J  rent 
higher  titan  the  ttuiubcr  %tti»u  lit**  w;tr 
eiitJed,  In  flit*  nil  iwiuxtn,  l'ii**loil  eon 
linnet  to  t»xpait<t  In  vifluiti**  nttirlt  t;i*.tt*r 
than  giiHoline,  utid  uwy  j4*»iKi  l»i»i*ohie  lit** 
principal  pefroleiim  product 


QUheatlng  Manufacturers 

Oillmrwn*  man  ufuc  hirers  in  HHtt  had 

factory  nhiprnwitH  ^of  570,000  ilomentle  >  WI-UMW  «nu  Avw^viy  mmuum^wvn^ 

burnew  and  dil-hoilcrn  or  oIl«futmce,H,  !  4<Sttidy  of  Heating  Supply  JobberK,"  and 

more  than  3H  per  cent  above  HltH,  !  many  HimlUr  «tiiille»  of  this  market. 


For  a  statistical  plctur*?  of  all 
of  oUhoating  s*ncl  for  **The  Jaiiutry  Sta- 
tistical Section**1  "Study  for  Warm  Air 
Furnace  and  Accessory 
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KEENEY  PUBLISHING  COMPANY 
(>  North  Michigan  Avenue,  Chicago  2,  111. 


:utd  it 
ing  pr 


Heating,  Piping  and  Air  Conditioning 

This  is  the  publication  which  carries  the  Journal  of 
i         the  A.S.II.V.K.  in  addition  to  its  own  regular  editorial 
'***  (        .section.     Its  licit!  in  that  of  industry  and  large  build- 
ings.   It  is  devoted  to  the  design,  installation,  opera- 
tion^ and^  maintenance  of  heating,  piping  and  air 
conditioning  systems  in  such  plants  and  buildings. 

Kaeh  January  issue  includes  a  complete  directory  of 
commercial  and  industrial  heat. ing,  piping,  and  air 
conditioning  equipment,  which  lists  all  products, 
their  trade  names,  and  the  manufacturers1  addresses. 
It  is  the  established  buying  and  specifying  guide  of 
the  industry. 

II, m  P.  <fe  A.  (\  is  read  by  consulting  engineers  arid 
architects  .  ,  .  contractors  .  .  .  and  engineers  in  charge 
of  heating,  piping  and  air  conditioning  in  industrial 
plants,  and  other  large  buildings,  federal,  state,  arid 
city  governments,  school  boards,  and  public  utilities. 
All  A.S.H.V.K.  members  are  subscribers. 

Such  coverage  means,  For  the  advertiser,  considera- 
tion at  all  points  in  the  Helling  of  a  heating,  piping,  or 
air  conditioning  product .  ,  .  consideration  in  its  selec- 
tion during  the  preparation  of  plans  and  speeifiea- 

iu  it*  actual  purchase  for  installation;  in  its  year-ground  buying  for  operating 
ainfenrtnee  requirements.    Without  waste,  the  manufacturer  of  air  condition- 
KJurts  and  equipment  can  reach  through  II.  P.  &  A,  C.  those  from  whom  he  is 
the  necessary  engineering  acceptance. 

Mmibrr     ,1, /£»/*.     .!./{*(/.    jHnbweri})ti<M  Prices— U.N.$S  per  year, 
uttthii  t'inlrnl  nutl  *SV>»  America    $'4  per  t/ear.     Hl#e. where  Stt  per  //car. 

American  Artisan 

AMERICAN  ARTISAN  covers  the  field  of  warm 
air  heating,  residential  air  conditioning,  and  sheet 
metal  contracting.  Its  readers  aw  wurm  air  heat- 
ing and  sheet  metal  contractors,  dealers,  jobbers, 
manufacturers,  and  public  utility  companies, 

A  special  section  of  each  issue  lias  been  devoted 
to  air  conditioning  wince  IDJW,  when  it  first  became 
apparent  that  air  conditioning  for  homes  was  to  be 
along  the  linen  of  the  central  forced  warm  air  heat- 
ing HVHtcm,  AH  a  result  of  the  ready  adaptability 
of  thin  type  of  heating  Hyntem  to  all  air  condition- 
ing factors,  hundreds  of  thousands  of  homes  today 
have'  winter  air  conditioning-  nupplicd  through 
forced  wurm  air  heating  with  air  cleaning  and 
humldifiwtlon.  Cooling  apparatus  can  be 
attached  to  them*  systems  readily  whenever  year- 
'round  air  conditioning  in  desired. 

Much  January  JHHUO  includes  a  complete,  directory 
of  warm  air  heating,  air  conditioning,  and  sheet 
metal  products  and  equipment,  which  lists  all 
*  '  their  trade  names,  and  the  munufac- 


Tin*  key  man  in  flic*  reHidentiid  uir  conditioning  {/icture  in  the  warm  air  heating  and 
hi*K  ntrial  cojttrartor  the  one  man  experienced  in  "treating  airM  at  a  central  place 
i»d  gHfing  if  properly  <iiHtributt»d.  And  the  key  publication  IwtcauHc  it  reachim 

ti^t*  key  men  with  an'wforumtioN  ncrvici*  that  IUIH  niade  it  the  wcn^nrmd  authority 

in  AMKKK'AX  ARTISAN, 


r«»hidvutiul  air  conditioning  pnicticn* 


I>ricM-~~U.K.  $3  per  year. 
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AIR  CONDBTaONaNG-  PiPiMG  -  HEAT8NG  -  VENTILATION  -  REFRIGERATION 
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148  Lafayotte  St.,  New  York  13,  N.  Y. 


HEATING    AND 

VENTILATING  is  a 
monthly  publication 
read  by  engineers  and 
contractors.  These 
are  the  men  who  spec- 
ify, install  and  main- 
tain the  mechanical 
equipment  used  in 
heating,  ventilating, 
air  conditioning  and 
refrigeration  sysi  ems 
of  industrial,  commer- 
cial and  institutional 
buildings  and  resi- 
dential projects.  Its 
readers  include  also 
engineers  and  design- 
ers of  the  lirnw  which 
manufacture  Ihis  me- 
chanical equipment, 

The  editorial  content  in  edited  to  bo  of 
practical  use  to  these  engimwrH,  and  in 
prepared  under  the  direction  of  field- 


experienced  profes- 
sional engineers. 

t  lenernlly  speaking, 
tin*  emphasis  is  on 
practical  rut  her  than 
on  theoretical  eon- 
siderationH. 

Kaeh  inonf  It  an  orig- 
inal Keferenre  Data 
sheet  I.H  included  far 
permanetit  une  in  a 
standard  binder, 

Speeistl  H«»c*t  ionn  ure 
publirihed  from  time 
to  tint**.  Then*4  nee  - 
tionrt  itrt'  deviated  to 
jwbjeotH  of  timely  in • 
tereHt,  such  HH  Heat 
Pump,  Radiant  H«»at  - 


A 

ptiblmhed  <»aeh  yr 


<*oilft,  Air 

Air  (Sunlit inning,  et«*. 
liuern   Directory   it* 


CIRCULATION 


HKATINO  AND  VKNTILATINCJ 
total  distribution  (A.B.O*  Hept>rt»  May, 
1JM))~~  claHHified  as 


ConBulting   Kngin<*<*rH    (511)    and 

ArchitectB  (140)  Kngine.em  Em- 
ployed by  them  (432)  ,,,   .,,      1,1  lit 

Contractors  (2,7*56)  and  Engineere 
Employed  by  Contractors  (409),  3,  Wfc 

GovornmcntH  and  Kcbool  Hoards 

and  their  Enginecrn  ...........      8M 

Public  Utility  (Jroup,  ,  ,  ,  ,  .......  .      mi 

Industrial  Firms,  their  Kxucutivrn, 

Knginoorn  and  <ith«r  Kmployce»*  1  ,«i*22 

Buildings^  Real  Estate  Manages- 
merit  Oompanitjn,  their  Engi- 
neers ...........  >...,,,....,,',,  1170 

Manufacturers  of  Air  Condition- 
ing, Heating,  Piping  and  Vjmti* 
lating  Equipment!  Th«ir  Offieials 


and   Kmplovwrt   (Sf7?   »»d 


Mttnufu«tur<*r«*  A«**nt>*  intd 

Firiiy-t   rJI!^l 
antl  Snti4Hint*tt  l7 

and    I>* 

Iimtiltitiyiw, 
and 


(I  111),  .  ,  ... 
Educational 


Field  Ktuff,  (*i*rw»«|iiiii«I<T«t«,   MX- 
ciutagtiH,  A(iv<«rtiM«tm,  Aflv«rti«» 

Ing  Age«€itk«  iiiwl  *%tiijil«  .  .  I ,  IHH 
TOTAL.,.  ,  ,,.  , 12,05s 

B«b«criptbfii  to  IIKATINCJ  A  XI) 
VENTILATING,  HHUfayitUoHt,,  New 
York  13,  are  $3.00  a  yiwr, 
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Publications 


('an  tufa    and 

9$.  ML    Adwrti 


Atnttr. 


I  '  ,  »«•£  »  ( 


Sheet  Metal  Worker 

Published  by  Edwin  A.  Scott  Publishing  Company 
45  West  45th  Street,  New  York  19,  N.  Y. 


THE  January  I960  issue  of  SHEET  METAL 
WOEKKK  was  its  76th  Anniversary  and  Directory 
Number.  It  is  the  oldest  publication  in  its  field  and 
is  of  vital  importance  to  men  interested  in  sheet  metal 
work — air  conditioning— warm-air  heating  and  ven- 
tilation. Founded  in  1874  and  published  to  1909  by 
David  Williams  Company;  1909  to  1920  by  United 
Publishers  Corp.;  since  1920  by,  the  Edwin  A.  Scott 
Publishing  Co. 

Subscribers  are  mainly  merchandising  contractors 
purchasing  practically  all  products  and  equipment 
which  they  fabricate,  erect  or  install.  Manufacturers, 
jobbers  and  distributors  also  subscribe. 

The  market  has  three  main  divisions: 

(1)  Equipment  for  resale  in  connection  with  erec- 
tion or  installation  work, 

(2)  Materials  for  fabrication. 

(fS)  Shop  equipment  and  supplies. 

Circulation:  SHKET  METAL  WORKER  is  a  mem- 
ber of  the  Audit  Bureau  of  Circulations.  Over  3,500 
coat  radons  arc  covered  by  the  controlled  circulation 
method, 

fcSiiKKT  MBTAI^WOHKKR  also  publishes  books  on 
heating,  ventilating,  sheet  metal  work,  air  condi- 
tioning, etc. 

The  Annual  Issue  published  in  January,  contains  a 
comprehensive  and  valuable  Directory  Section. 

Plumbing  and  Heating  Journal 

Scott*Choate  Publishing  Co.,  Inc.,  Publishers 
45  West  45th  Street,  New  York  19,  N.  Y, 

~1  "OIAIMBING  and  Heating  Journal  is  edited  to 
17  fumwh  a  well-rounded,  emcient  service  to  the  men 
engaged  in  the  plumbing,  heating,  ventilating  and  air 
conditioning  fieldn.  It  covers  both  the  technical  and 
tnwhwBH  phanes  of  their  work. 

It  jciv<!8  free  technical  service  through  a  staff  of 
practical  engineers;  expert  merchandising  assistance, 
and  its  technical  and  business  articles  are  by  men  of 
rttcognissco!  competence. 

THK  J0UHNAL  editorial  department  drawa  its 
new«  from  aconm  of  trained  correspondents  located  at 
HtratCigic  points  throughout  the  country* 

Thin  combination  of  the  technical,  business,  news 
and  other  nwpeclH  of  the  industry  enables  THE  JOUR- 
NAL to  fichhw*  a  finely  balanced  magazine  that  gives 
flic*  render  the  type  of  information  he  wants  and  needs, 
in  brief,  compact  form, 

A  department  "With  tho  Wafer  SyntoinH,'*  informs 
tho  tra<i«  of  the*  latent  development^  in  the  rural 
plumbing  fuiUi  and  its  increasing  potentialities  for  the 
plumbing  ""heating  contractor;  especially  with  the  re- 
ci»nt  cxfensioim  of 'rural  elfietnct  hnc«  throughout  the 
country, 
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I'l.W  pff  J|*W, 

«i  timer*    I*V« 
Hti/  «i(f«  wt  !**•" 


Publications 


Snips  Magazine 

5707  W.  Lake  SI,  Chicago  44,  111. 


READER  INTEREST 

SNIPS  is  packed  each  month, 
from  cover  to  cover,  with  hun- 
drcdN  of  live  HCWH  stories  ;»ml 
exclusive  picl.urcH  of  tin*  trade 
It  nerves.  s\o  long  contributed 
HtoricH,  It's  all  Held  gathered 
mnterinl,  secured  the  hard  uay, 
rubbing  shoulders  with  the 
readers.  Such  work  gctH  for  the 
periodical,  ii,  reader  interest  sel- 
<loni  Found  in  a  trade  publica- 
tion. You'll  find  thin  feature  the 
hitHiH  of  the  wtriHttt ional  inquiry 
pulling  power  and  Hides  produe 
ing  vuiue  of  advert  ining  ^pare 
in  SNIPS. 


This  live,  friendly,  elo.se  to  the  reader  periodical 
"cont  inues  to  go  places"  in  reader  interest ,  intense 
coverage  and  trade  popularity. 

An  effective  medium  preferred  l»y  mun\  NolaUh* 
Industrial  AdvtM'tisers  year  after  ><kar,  and  many 
Prominent  Jobbers  who  know  their  market  well, 

We  maintain  our  fine  lists  of  knoun,  reputable 
buyers,  through  constant  cooperative  \\ork  with 
the  jobber  trade  of  the  industry. 

Packed  each  month  with  practical  applications  of 
t  he  latest  advancements  in  I  he  Sheet  Met  al .  Heat  - 
ing  and  Kngineering  Field. 

DON'T  MISS  OUR  SPECIAL  ISSUES 

January  Annual  Issue     March  Anui\eixur\  S 
Market     Issue     September    Fall    Market     I 
December  Holiday  (Ireeting  l»ue     FuMlier  iut'ur 
malion  gla  llv  sent  on  re  jui*,-*!. 


II  /ri/r  dint  ninth  ti  n-   ^  tfhtf*  i  *intl  *<sdtt'i  »«  1'tin 
thf  tilmttti!  '!-*«  t*f  /A*1  mn$i  .ilmu  tt  '»  A»  .1  -S  \  /IVS' .  » 

itlitin  ».i  tmwt  utU'»'it\  /ft  Iftrrtvui  ^f,f,t  "  ,$'  wi.fi; 
jintt'tmt unit"*  find  whfit 


h<>  pnHl,  year  over  &r>U  firms  useil  HJIUJM*  \viih  ti^,  'I^ 

«€<*    n  our  ll,!)79  n*nders,  a  careftilly  xelerted  and  Mui»Hta(Ui:ft! 
thy  of  uta,fkinp;  In"  month  after  month, 

^  Rut(*H  for  Hpnc,«k  hnvc  alwny«  l>cen  coitHerv,«itivi»,  Tlie  r«refti!l) 
with  creuia  coverage  available  at  the  t*\\  r**iu«'lv  ln\\  ruif  |«»r  tinM 
truly  an  oxc(»pt  ional  value  at  thin  time,  by  nny  Mtaitdstn!  of  roiup-t 


vjtitit*(l  pu 


!  rut  rent  raft* 


ABOUT  SNIPS*  MAILING  LIST 

U'«  truly  a  wdcu't  group  that  KH«  HMPS,  Thrty  nn*  tin*  tml^nmllim  ftntH  niid 
jndivithuilH  in  thu  tracie  whom  the  bi*{fi*r  Hupp)>'  hoiiMi*s  un»  «4iijtR  or  trying  to  >»i»II 
They  are,  the  contracting  and  hint  ailing  wwwtw  whon*  th«*  priiifipnl  jr*hl*i»rw  :ut<i 
distributora  of  the  industry   "j«»f»p!i»  who  wwilly  know  thmr  t<*rritotii*^  Innt    'i't»nMi|rr 
worthy  of  cultivation  by  mail,  proiiit»tion  uud  rtHle*uu<*u*<*  rulU, 
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ENGINEERS  OF  HUMAN  COMFORT 

The  Heating,  Ventilating  and  Air  Conditioning  Engineers  through  their 
work  and  research  bring  to  our  homes,  schools,  offices,  factories,  theaters, 
hospitals  and  other  public  buildings  in  both  summer  and  winter,  that 
climate  best  suited  to  our  comfort  and  health.  These  men  realize  the 
basic  importance  of  heating  and  ventilating  as  a  primary  element  in  the 
well-being  of  civilized  mankind,  living  and  working  mostly  indoors.  They 
an*  truly  Engineers  oj  Human  Comfort. 

Started  in  1894,  by  a  small  but.  progressive  group,  The  American  Society 
of  Heating  and  Ventilating  Engineers  now  numbers  over  7700  members, 
whose*  express  purpose  is  to  improve  the  Art  through,  the  interchange  of 
ideas  and  the  stimulation  of  scientific  research  and  invention. 

The  Society  membership  now  includes  engineers,  educators,  scientists, 
physicians,  architects,  contractors,  and  leaders  of  industry.  Membership 
consists  of  Honorary,  Life,  Presidential,  Member,  Associate,  Junior,  Af- 
filiate and  Student  grades. 

The  management  of  the  Society  is  entrusted  to  -1  Officers  and  a  Council 
of  13  elected  members.  Continuity  of  policy  is  insured  by  electing  4  men 
annually  for  a  3-year  term  and  retaining  the  retiring  president  on  the 
Council  for  1  year.  Research  work  is  in  charge  of  the  Committee  on 
Research  consisting  of  15  members,  5  being  elected  annually  for  a  period 
of  8  years* 

Two  national  meetings  are  held  each  year —the  Annual  Meeting  during 
.January  or  February,  and  the  Semi-Annual  Meeting  usually  in  Juno. 
Regional  meetings  arc  held  at  the  direction  of  the  Council  and  43  local 
chapter  organizations  hold  monthly  meetings. 

The  three  major  activities  of  the  Society  arc:  Membership  service, 
Publication,  and  Research,  the  record  of  its  accomplishments  being  per- 
manently recorded  in  the  annual  TRANSACTIONS^ 

Headquarters  of  the  Society  arc,  maintained  in  The  New  York  Life 
Insurance  Building  »">!  Madison  Avenue,  New  York  10,  N,  Y.,  and  its 
research  laboratory,  devoted  to  the  study  of  fundamental  principles  of 
healing,  ventilating  and  air  conditioning,  is  located  at.  7218  Kuclid  Ave- 
nue, C  levelund  *5,  O. 

In  September,  1HUI,  a  little  group  of  nationally  known  engineers,  educa- 
tors and  manufacturers  gathered  in  New  York  and  agreed  that  the  great 
art  of  heating  and  ventilating  deserved  and  required  recognition  as  an 
<wnliuK  distinctive  and  highly  specialized  division  of  modem  engineering. 

These  keen,  alert,  progressive  men  knew  that  the  methods  and  equip- 
ment of  their  day  could  be  improved,  even  beyond  their  own  vision,  if 
all  the  personalities  striving  for  such  improvement  could  be  welded  into 
one  organised  cooperative  group  imbued  with  the  same  ideals  and  aiming 
for  tin*  same  goal  They  therefore  formed  themselves  into  the  nucleus  of 
such  an  organisation  and  called  it  The  American  Society  of  Heating  and 
Ventilating  Kngineers, 

Foresting  flic  need  for  research  they  ma,dc?  it  one  of  their  first,  aets  to 
establish  11  Committee  on  Standards/  That  the  Charter  ^Members  hud 
Kreat  faith  in  their  enterprise  is  evident,  although  little  did  they  dream 
thai  progress  would  be*  so  rapid  hi  their  profession. 

During  the  intervening  years,  since  that  little  group  of  75  pioneers  un- 
furled  the  banner  of  THK  AMKUICAN  SCHIICTV  OF  HKATIXCI  AXD  VENTILAT- 


ING  ENGINEERS,  thousands  of  the  roal  leaders  -of  thought  and  action  iir 
heating,  ventilating,  and  air  conditioning  have  gathered  about  that-  stand- 
ard and  carried  it  proudly  before  them  far  along  the  way  of  outstanding 
accomplishment.  They  may  be  identified  among  [engineering  groups  by 
the  distinctive  emblem  which  was  adopted  by  the  Charter  Members. 

The  first  Annual  Meeting  was  hold  in  New  York,  X.  V.,  January  ±?-lM, 
1895,  and  the  organization  was  incorporated  that  same  year,  under  the 
laws  of  the  State. 


A.S.H.V.E.  RESEARCH  LABORATORY 

Since  1010  TUK  AMKBICAN  SOCUOTY  OK  UKATINC  AND  VK\TU,\TIN<J  KNUINKKUS 
luiH  niiiintainotl  a  permanent  research  stuff  and  facilities  devoted  solely  to  the  .study 
of  fundamental  problems  in  the  Hold  of  boating,  ventilating  and  air  conditioning. 
During  the  past  quarter  century  much  has  boon  done  to  advance  the  art  by  ostab 
lishing  scientifically  wound  data,  which  the  engineer  can  apply  hi  the  design,  opera- 
tion, and  maintenance  of  boating,  ventilating,  and  air  conditioning  systems  and 
equipment, 

For  twenty  -five  years  the  Society's  Research  Laboratory  was  located  at  the 
II.  S.  Bureau  of  Mines  Building,  Pittsburgh,  Pa,  The  Laboratory  wan  moved  to 
Cleveland  in  1944,  and  early  in  1940  the  Society  purchased  promises  at  7'J1S  Kuelid 
Avenue.  In  addition  to  work  at  the  SoeietyVi  Laboratory,  a  .substantial  part  of  the 
research  program  has  been  carried  on  through  the  medium  of  cooperative  agree 
mo.nts  with  leading  educational  institutions  of  the  Fniled  Sfafo,s  and  Canada-. 

All  research  netiviUoB  are  planned  and  Hupervined  hy  the  Committee  on  KoHcareh 
of  15  elected  members,  assisted  by  various  Technical  Advisory  Committees  of  the 
Society.  Tbe  research  activities  are  I'maiiced  from  Society  funds,  of  \\hioh  a  portion 
comes  from  momberHhip  duos  and  from  itw  publication,^  and  these  funds  are  ampli 
fiod  by  coutrilmtionH  from  fri<»r»<lH  in  the  iiuJuHtrios  cngagod  in  tin*  f^»?ton*f  fi<»M  of 
heating,  vo.titilating,  ami  air  conditioning, 

The  major  rcHults  <»f  ^0  yejirn  of  A.SJLV.K,  renearcli  m,*iy  hi*  bri«*fl>'  ^twfed  as 
follo\vH: 

(Ivmjort  tihindurdtt  for  Winter  and  tittmtnvf:  Origiiml  Htu»iio,**  by  tho  S*«'*i«»ty  «»«tab 
litthod,  Home  lit)  yoarn  agot  the  limit  H  of  indoor  foiuporaturr  .sittd  Iiiiiitidily  wifhtu 
which  normally  dothed  pooplo  felt  oorufortaltlo  in  wiuler,  Sf;indardH  fur  «uiuitiff 
air  conditioning  followed.  Studies  with  l»rgi*r,  iinx^d  groujw  have  cov«»r**«!  various 
dogre<»H  of  activity  and  difTer(*nt  climatic  cotulitionn.  *rodjiy,  heutiuK  »rutd  ?iir  <N»a«ti- 
tioniiig  migineerH,  ben*  and  abroad,  UHI,»  A.S.ILV.K.  <*otnf»»rt  staiio!ur*is  i«i>  jir«Kluc<* 
acceptable  indoor  ctmditiouH  the  your  round, 


Physiological  fflfftrts  uf  tfrwrn  Knrii'tnt  mental  (^mtlilimw:  KxpoHurt*  to  liigit  ft*iiipt*rji« 
tun»H  and  humidttioH  during  nevere  physical  or  nirnta)  activity  It^l*  to  f«figti^  nwl 
a  rapid  dttcroowc  in  the  quantity  arid  quality  of  work  performi**!.  ,\,S,H,V,M,  rtMennrh 
has  nhown  what  romocliid  lacitHuroH  ran  bt*  tukon  to  nffwet  this  typi*  of" 


iytt  Data  for  flmttnn  tfiixtrtnn:  (Jupacity  tables  f»»r  coitiptiiieirtt^  of  nt****iitt  HIP!  hot 
water  heating  H,VHteniHf  now  univerHulIy  uneil,  resulted  directly  or  Ii»din»rfly  from 

Society  rc*w*arch  citrriod  on  tunny  yejtrw  itgo  sis  its  <»w«  lal'tiratury  «»r  lit  mujwttittK 
uuivermtioH  atul  collcgoH,  Industry  groups  luive  IniitHbiti'd  U»*w*  «l;it;i  into  cod**s  of 
practice, 


M'JO 


Thermal  I'ro  pert  ten  oj  Buildiny  Materials:  Tho  development  of  standard  methods 
for  measuring  heat  transfer  through  common  building  materials  and  typical  con- 
st ructions  was  followed  by  the,  evaluation  of  other  physical  properties  that  influence 
heai  flow  and  heat  storage,  Sound  data,,  established  by  an  unbiased  authority,  are 
essential  for  the  calculation  of  heat  ing  ami  cooling  loads  for  all  types  of  construction. 

Properties  of  Air  and  Water  Vapor  Mixtures:  Accurate  knowledge  of  the  therrno- 
dynamic  properties  of  moist  air  is  essential  in  tho  design  and  operation  of  an  air 
conditioning  system.  Data  which  are  now  accepted  internationally  were  developed 
through  studies  sponsored  in  part  by  the  Society. 

Cooling  Load  (Calculations;  Tho  significance,  in  the  calculation  of  cooling  loads,  of 
such  factors  as  solar  heat  gain  through  walls,  roofs  and  glass  areas,  instantaneous 
heat  loads,  and  period  heat  flow  has  been  determined  largely  by  Society  research  and 
sponsored  studios. 

Room  Air  Distribution:  The  quality  of  tho  air  distribution  is  the  yardstick  by  which 
an  air  conditioning  system  is  judged.  Society  studies  on  air  flow  and  air  mixing  have 
already  produced  valuable  basic  and  practical  data  and  are  a  continuing  and  major 
activity  at  the  laboratory  and  throe  cooperating  colleges. 


and  Measurements:  The  Society's  research  has  played  its  part  in  devel- 
oping instruments  for  laboratory  and  field  work  and  in  defining  methods  of  use  and 
application.  Society  sponsored  codes,  developed  through  research,  have  served  as 
starting  points  for  industry  codes  and  standards. 


THE  GUIDE 


A  distinctly  new  nervier  was  inaugurated  by  the  Society  in  H)22  when  it  estab- 
lished THK  <!rn»n.  Now  in  1050,  UN  tin*  2Kth  Edition  of  the  UKATINO  VKNTILATIWJ 
Ant  CoNwnoNiNij  (Inni-j  makes  its  appearance,  it  in  notable  that  Tuw  (Jirmw  has 
served  effectively  not  only  tho  membership  but  the  entire  profession  and  the  allied 
induHtrien,  and  linn  received  world  wide  recognition  as  a  reliable  and  authoritative 
compendium  of  useful  heating,  ventilating  and  air  conditioning  data, 

Throughout  t  he 'JS  yearn  of  it«  service  Tnw  (!UII>K  has  become  n  reference  book  of 
unchallenged  position  in  itn  special  field  of  engineering,  The  intention  of  its  founders, 
fo  provide  ait  inrtfrunierit  of  service  containing  reference  material  on  the  design  and 
Hpoeilieation  of  heating,  ventilating  and  air  conditioning  systems  and  containing 
«»MH«»ntiaI  and  reliable  information  concerning  modern  equipment,  haw  been  carefully 
Hufeguanlod  by  those  responsible  for  the  compilation  of  each  Edition, 

Steadily  through  the  Huwoding  yearn  THK  (»ni»K  ban  grown  in  size,  in  Korviec 
and  in  importance,  HO  that  the  current  edition  contains  1422  pages  of  authoritative 
up  to  date  information  pertaining  to  the  design  and  specification  of  heating,  von 
f Hating,  air  conditioning  and  piping  HyKfemn,  an  well  IIH  a  comprehensive  Catalog 
Ihtfjt  Section  on  the  modern  equipment  of  lending  manufacturers. 

THK  (Jru*M  excrlH  today  one  of  the  niont  ponitivi*  influences  tending  to  elevate, 
Improve  and  <*xhwl  ilic  vvhoh*  Art  and  Indiwtry  of  Healing,  Ventilating  and  Air 
<'on<litioning,  It  in  univcrmtlly  recognised  UH  the  moHt  useful  and  authoritative  work 
in  itH  field,  being  twcd  by  practicing  (WgincerH  and  nmnufucturcrH  in  till  pnrtH  of  th(» 
world,  and  a«  a  tcixt  book  by  H  growing  ntnuber  of  the  wotid'n  principal  engineering 
iH, 
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